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ABSTRACT

Background: Growth retardation and malnutrition are among the most frequent complications in
children with transfusion-dependent thalassemia (TDT). Multiple factors including chronic anemia,
iron overload, endocrine dysfunction, micronutrient deficiencies, and recurrent transfusions
contribute to impaired growth. Zinc and vitamin D deficiencies are highly prevalent among
thalassemic children and may significantly influence linear growth and nutritional status. Indian
studies have reported a substantial burden of zinc and vitamin D deficiency in pediatric thalassemia
populations.

Aim: To evaluate the role of zinc and vitamin D supplementation in improving growth parameters in
malnourished thalassemic children.

Methods: A prospective interventional study was conducted among 80 malnourished transfusion-
dependent thalassemic children aged 2-15 years attending a tertiary care center. Children were
divided into two groups: standard care alone and standard care with zinc and vitamin D
supplementation. Anthropometric measurements including height, weight, BMI, growth velocity, and
biochemical parameters were recorded at baseline and after six months.

Results: Significant improvement in weight gain, linear growth, BMI, and serum micronutrient levels
was observed in supplemented children (p<0.05).

Conclusion: Zinc and vitamin D supplementation significantly improve growth outcomes among
malnourished thalassemic children and should be considered an adjunctive nutritional strategy.

Keywords: Thalassemia, Zinc, Vitamin D, Growth retardation, Malnutrition, Micronutrients.

INTRODUCTION

B-thalassemia major is one of the most
prevalent inherited hemoglobin disorders
globally and represents a major public health
burden in India. The disease is characterized by
reduced or absent synthesis of B-globin chains
leading to ineffective erythropoiesis, severe
chronic anemia, and lifelong dependence on
regular blood transfusions. India contributes
substantially to the global burden of
thalassemia, with approximately 10,000-
15,000 affected infants born annually and an
estimated carrier frequency ranging between
3-4%.1

Advances in transfusion practices and iron
chelation therapy have significantly improved
survival among thalassemic children. However,
increasing longevity has brought greater
attention to long-term complications including
growth retardation, endocrine abnormalities,
bone disease, delayed puberty, and nutritional

deficiencies.2 Growth impairment remains one
of the most frequent complications affecting
quality of life in transfusion-dependent
thalassemia (TDT), with prevalence estimates
ranging from 30-70%.3 Growth failure in
thalassemic children is multifactorial and may
result from chronic anemia-induced tissue
hypoxia, iron overload, endocrine dysfunction,
ineffective erythropoiesis, nutritional
inadequacies, hepatic  dysfunction, and
psychosocial factors.

Repeated blood transfusions result in
progressive iron deposition within endocrine
glands, liver, heart, and bone tissues causing
secondary endocrine complications. Iron-
induced pituitary dysfunction adversely affects
secretion of growth hormone and insulin-like
growth factor-1 (IGF-1), thereby impairing
normal growth and development. In addition,
chronic inflammation and oxidative stress
further contribute to nutritional compromise.4
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Micronutrient  deficiencies have recently
emerged as potentially modifiable determinants
of growth failure among thalassemic children.
Among these, zinc deficiency is particularly
important because zinc serves as an essential
trace element involved in DNA synthesis,
protein metabolism, immune regulation, cellular
proliferation, and skeletal growth. Zinc
influences  multiple  biological  pathways
including growth hormone secretion and IGF-1
activity. Deficiency can result in anorexia, poor
linear growth, delayed sexual maturation,
impaired immunity, and reduced wound
healing.5

Children with B-thalassemia are especially
susceptible to zinc deficiency because of
increased urinary losses, inadequate dietary
intake, chronic hemolysis, oxidative stress, and
chelation therapy. Indian studies have
demonstrated significantly reduced serum zinc
levels in transfusion-dependent thalassemic
children compared with healthy controls.
Choudhary et al. observed substantial depletion
of zinc concentrations among Indian
thalassemic children, suggesting a role in
growth abnormalities.®

Vitamin D deficiency is another highly prevalent
but often underrecognized nutritional problem
in children with thalassemia major. Vitamin D
plays a critical role in calcium homeostasis,
bone mineralization, immune modulation,
erythropoiesis, and skeletal maturation.
Deficiency may predispose patients to
osteopenia, osteoporosis, pathological
fractures, skeletal deformities,  muscle
weakness, and impaired growth.”?

Recent evidence from Central India reported
vitamin D deficiency in approximately 64% of
children with B-thalassemia major and
demonstrated an inverse relationship between
vitamin D levels and serum ferritin
concentrations.® Similar observations have
been reported from other Indian pediatric
studies showing declining vitamin D levels with
increasing transfusion burden and disease
duration.®

Emerging evidence indicates that zinc
supplementation may improve growth velocity
and nutritional outcomes among thalassemic
children. Recent interventional studies
demonstrated significant improvement in linear
growth following oral zinc supplementation.1°
Simultaneously, vitamin D supplementation has
shown benefits in improving bone health and
metabolic parameters in pediatric thalassemia
populations.11t

Despite increasing recognition of micronutrient
deficiencies among thalassemic children,
evidence regarding combined zinc and vitamin
D supplementation in malnourished pediatric
patients remains limited, especially in the
Indian setting. Considering the high prevalence
of nutritional deficiencies and growth failure in
transfusion-dependent thalassemia, the
present study was undertaken to evaluate the
role of zinc and vitamin D supplementation in
improving growth outcomes among
malnourished thalassemic children.

Aim: To evaluate the role of zinc and vitamin D
supplementation in improving growth among
malnourished transfusion-dependent
thalassemic children.

Objectives: To assess the effect of zinc and
vitamin D supplementation on growth
parameters in malnourished thalassemic
children.

MATERIALS AND METHODS

Study design and setting

The present study was designed as a
prospective randomized interventional study
conducted in the Department of Pediatrics in
collaboration with the Pediatric Hematology
Unit of a tertiary care teaching hospital in
rajasthan, India. The study was carried out
over a period of 18 months, including
participant recruitment, baseline assessment,
intervention administration, follow-up
evaluations, and data analysis. The study
protocol was reviewed and approved by the
Institutional Ethics Committee prior to initiation
of the study. Written informed consent was
obtained from parents or legal guardians after
explaining the objectives, benefits, and
procedures of the study in their local language.
Confidentiality of patient information was
maintained throughout the study. The study
was conducted according to the ethical
principles of the Declaration of Helsinki.

The study aimed to evaluate the effect of zinc
and vitamin D supplementation on growth
parameters among malnourished transfusion-
dependent thalassemic children receiving
routine clinical care.

Study population

The study population consisted of children
diagnosed with transfusion-dependent (-
thalassemia major attending the pediatric
hematology outpatient department and
transfusion clinic for regular follow-up and
blood transfusions. Children between 2 and 15
years of age with evidence of malnutrition and
receiving regular transfusion therapy were
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screened for eligibility. Diagnosis of [-
thalassemia major had been previously
established based on clinical presentation,
complete blood count findings, hemoglobin
electrophoresis/high-performance liquid
chromatography (HPLC), and transfusion
dependency status.

Sample size

The sample size included 80 malnourished
transfusion-dependent thalassemic children
who fulfilled inclusion criteria and consented to
participate.

Participants were randomly allocated into two
groups:

GroupA(Controlgroup): Standard treatment
only (n=40)

GroupB(Interventiongroup): Standard
treatment plus zinc and vitamin D
supplementation (n=40) Simple randomization
was performed using computer-generated
random number tables.

Inclusion criteria

Children fulfilling all the following criteria were
included:

e Age between 2-15 years

e Confirmed diagnosis of B-thalassemia

major

e Receiving regular blood transfusion

therapy

e Evidence of malnutrition according to

WHO growth standards

e Weight-for-age or BMI below -2

standard deviations

e Regular follow-up at study center

e Written informed consent from parents

or guardians
Exclusion criteria
Children with the following conditions were
excluded:

e Chronic renal disease
Chronic liver disease
Congenital heart disease
Known endocrine disorders
Severe  acute illness
hospitalization
e Current use of zinc or vitamin D

supplementation
e History of malabsorption syndromes
e Presence of chronic inflammatory

disease
e Lack of consent

requiring

Baseline clinical evaluation
A detailed demographic and clinical history was
obtained for all enrolled children including:

o Age

o Sex

Socioeconomic status
Duration of disease
Age at diagnosis
Frequency of blood transfusions
Chelation therapy history
Dietary history
Previous hospitalization
Family history of thalassemia

e History of recurrent infections
Clinical examination included general physical
and systemic examination.
Anthropometric assessment
Anthropometric measurements were recorded
at baseline and after six months of intervention
by trained personnel using standardized
procedures. Parameters assessed included:
1.Weight: Measured using calibrated digital
weighing scales with minimal clothing and
recorded to the nearest 0.1 kg.
2.Height: Measured using a wall-mounted
stadiometer with the child standing erect
without footwear and recorded to the nearest
0.1 cm.
3.BodyMassindex(BMI):
Calculated using:
BMI = Weight (kg)/Height (m2)
Nutritional status was interpreted according
to WHO growth standards.
4.Mid-upperarmcircumference(MUAC):
Measured at the midpoint between the
acromion and olecranon process using
nonstretchable measuring tape.
5.Growthvelocity: Calculated as annualized
height increment during follow-up. Growth
charts were plotted using WHO age- and sex-
specific reference charts.
Laboratory investigations
Venous blood samples were collected under
aseptic precautions before blood transfusion at
baseline and after completion of six months.
Investigations performed included:

e Complete blood count (CBC)
Hemoglobin concentration
Serum ferritin
Serum zinc level
Serum 25-hydroxy vitamin D level
Serum calcium
Serum phosphorus
Liver function tests

e Renal function tests
Approximately 5 mL of venous blood was
collected from each participant.
Serum zinc levels were estimated using atomic
absorption spectrophotometry.
Vitamin D concentration was measured by
chemiluminescent immunoassay method.
Serum ferritin estimation was performed using
enzyme-linked immunosorbent assay (ELISA).
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Intervention protocol:
Children in the intervention group received oral
zinc and vitamin D supplementation in addition
to routine treatment.
Zinc supplementation:
e Elemental zinc 20 mg orally once daily
for six months
Vitamin D supplementation:
e Oral cholecalciferol 60,000 IU weekly
for six weeks
e Followed by maintenance therapy of
60,000 IU monthly
Routine thalassemia management including
blood transfusion schedules, iron chelation
therapy, folic acid supplementation, and
supportive care was continued in both groups
according to institutional protocols.
Compliance  with  supplementation  was
monitored through monthly follow-up visits and
parental reporting.

Follow-up assessment
Children were followed monthly for six months.
During follow-up visits the following were
assessed:
e Compliance with supplementation
e Adverse events
e Transfusion requirement
e Anthropometric measurements
e Clinical status
Repeat biochemical investigations were
performed after completion of intervention.
Outcome measures
Primary outcome
e Improvement in growth parameters:
o Weight gain
o Height gain
o Growth velocity
Secondary outcomes
e Improvement in BMI
e Change in serum zinc levels
e Change in vitamin D levels
e Nutritional improvement
Statistical analysis: Data were entered into
Microsoft Excel and analyzed using Statistical
Package for Social Sciences (SPSS) version
26.0. Continuous variables were expressed as
mean <+ standard deviation (SD), while
categorical variables were expressed as
frequencies and percentages. Intergroup
comparisons for continuous variables were
analyzed using independent Student’s t-test.
Paired t-test was wused for within-group
comparisons. Categorical variables were
compared using Chi-square test or Fisher's
exact test. A p-value of less than 0.05 was

considered statistically significant. All statistical
tests were two-tailed.

RESULTS

A total of 80 malnourished transfusion-
dependent  B-thalassemic  children  were
enrolled and completed the study. Participants
were randomly allocated into two groups:
Group A (standard treatment; n=40) and Group
B (standard treatment with zinc and vitamin D
supplementation; n=40). Baseline demographic
and clinical characteristics were comparable
between  groups.  Anthropometric  and
biochemical parameters were assessed at
baseline and after six months of intervention.

Baseline  demographic and clinical
characteristics

The mean age of children in Group A and Group
B was 8.7+2.4 years and 8.4%+2.2 years,
respectively, with no statistically significant
difference (p=0.681). Male children constituted
57.5% of Group A and 60% of Group B
(p=0.817). Mean disease duration was 6.1+2.2
years in controls and 6.3+2.1 years in the
supplementation group (p=0.742). Annual
transfusion frequency was also similar between
the groups (14.2+3.1 vs 13.9+2.8; p=0.694).
Mean baseline serum ferritin levels were
2438+540 ng/mL and 2450+560 ng/mL,
respectively (p=0.883). Since all p-values were
>0.05, both study groups were statistically
comparable at baseline, indicating adequate
randomization and uniformity of disease
characteristics.(Tablel)

Baseline anthropometric characteristics

At study enroliment, mean body weight in
Group A was 19.6+3.8 kg, while Group B had a
mean weight of 19.1+4.2 kg (p=0.741). Mean
height was 114.849.6 ¢cm in Group A and
115.2+10.4 cm in Group B (p=0.812). Mean
BMI values were 14.7+1.4 kg/m2 and 14.5+1.3
kg/m2, respectively (p=0.721). Mid-upper arm
circumference was 14.3%x1.8 cm versus
14.1+1.6 cm (p=0.673), while baseline growth
velocity was 4.4+1.2 cm/year and 4.5%1.1
cm/year (p=0.771). These findings indicate
that anthropometric and nutritional parameters
were nearly identical in both groups before
intervention, with no significant differences.
(Table2)

Anthropometric outcomes after six months
After six months, children receiving zinc and
vitamin D supplementation demonstrated
significantly better anthropometric outcomes.
Mean weight gain in Group B was 2.9+0.8 kg,
compared with 1.2£0.4 kg in controls,
representing approximately 141.7% greater
improvement (p<0.001). Mean height gain was
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4.5+1.1 cm in supplemented children versus
2.1£0.7 cm in controls, reflecting a 114.3%
increase (p<0.001). BMI improved by 1.8+0.5
units in Group B compared with 0.6+0.2 units
in controls, corresponding to nearly a three-fold
greater improvement (p=0.002). MUAC
improved from baseline by 1.9+0.5 cm among
supplemented children compared with 0.8+0.3
cm in controls (p<0.001). Growth velocity
increased to 7.3+1.4 cm/year in Group B
compared with 4.6+1.1 cm/year in Group A,
representing approximately 58.7% higher
growth velocity (p<0.001). These observations
indicate that supplementation significantly
enhanced nutritional recovery and
growth.(Table3)

Biochemical outcomes:

Mean serum zinc concentration increased from
56.8+9.3 pg/dL at baseline to 81.2+10.6 pg/dL
after supplementation, showing an increase of
approximately 42.9% (p<0.001). Mean vitamin
D levels increased from 18.7+5.1 ng/mL to
31.6+6.8 ng/mL, representing a 69% increase
(p<0.001). Serum calcium levels improved from
8.5+0.6 mg/dL to 9.3£0.7 mg/dL, an increase
of 9.4% (p=0.003). Phosphorus concentrations
increased from 3.9+0.8 mg/dL to 4.7+0.9
mg/dL, corresponding to a 20.5% increase
(p=0.008). Serum ferritin decreased from
24504560 ng/mL to 23054505 ng/mL, showing
a reduction of 145 ng/mL (5.9%), although the
result  was  statistically  non-significant
(p=0.081). These findings suggest substantial
correction of micronutrient deficiencies after
supplementation. (Table4)

Nutritional status distribution

At baseline, severe malnutrition was observed
in 37.5% of children, moderate malnutrition in
45%, and mild malnutrition in 17.5%, while
none had normal nutritional status. Following
supplementation, severe malnutrition
decreased from 37.5% to 15%, representing a
22.5% absolute reduction (p=0.012). Moderate
malnutrition decreased from 45% to 27.5%,
reflecting a 17.5% reduction (p=0.031). Mild
malnutrition increased from 17.5% to 35%
(p=0.028), indicating transition toward
improved nutritional status. Importantly, 22.5%
of children achieved normal nutritional status
after intervention (p=0.004). These findings
indicate significant nutritional rehabilitation
following supplementation.(Table5)
Correlation analysis

Serum zinc concentration demonstrated a
strong positive correlation with growth velocity
(r=0.61, p<0.001), suggesting that higher zinc
levels were associated with faster growth rates.
Vitamin D levels also showed a moderate
positive correlation with growth velocity
(r=0.58, p=0.001), indicating that improved
vitamin D status positively influenced skeletal
growth. Conversely, serum ferritin exhibited a
moderate negative correlation with growth
velocity (r=-0.39, p=0.021), suggesting that
higher iron burden adversely affected growth
outcomes.  These  correlation  findings
quantitatively demonstrate the positive role of
micronutrients and the negative impact of iron
overload on growth among thalassemic
children.(Table6)

Table 1: Baseline demographic and clinical characteristics of study participants

Variable Group A (n=40) Group B (n=40) P value

Mean age (years) 87+24 84+22 0.681(NS)

Male sex, n (%) 23 (57.5%) 24 (60%) 0.817(NS)

Female sex, n (%) 17 (42.5%) 16 (40%) 0.817(NS)

Duration of disease (years) 6.1 £2.2 6.3 +2.1 0.742(NS)
Mean transfusions/year 14.2 + 3.1 13.9+ 2.8 0.694(NS)

Mean serum ferritin (ng/mL) 2438 £ 540 2450 = 560 0.883(NS)
Chelation therapy use (%) 34 (85%) 35 (87.5%) 0.742(NS)

Table 2: Baseline anthropometric characteristics

Parameter Group A Group B P value
Weight (kg) 19.6 + 3.8 19.1 £ 4.2 0.741(NS)
Height (cm) 114.8 £ 9.6 115.2 £ 10.4 0.812(NS)
BMI (kg/m?2) 147+ 1.4 14.5 + 1.3 0.721(NS)
MUAC (cm) 143+ 1.8 141+1.6 0.673(NS)
Growth velocity (cm/year) 44+ 1.2 45+ 1.1 0.771(NS)
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Table 3: Comparison of anthropometric outcomes after six months

Parameter Group A Group B P value
Weight gain (kg) 1.2+ 04 2.9+ 0.8 <0.001*(HS)
Height gain (cm) 2.1 +£0.7 45+ 1.1 <0.001*(HS)
BMI improvement 0.6 £ 0.2 1.8+ 0.5 0.002*(HS)
MUAC improvement (cm) 0.8 £0.3 1.9+ 0.5 <0.001*(HS)
Growth velocity (cm/year) 4.6 £1.1 7.3 £1.4 <0.001*(HS)

Table 4: Comparison of biochemical parameters before and after intervention in supplementation group

Parameter Baseline Six months P value
Serum zinc (ug/dL) 56.8 £ 9.3 81.2 £ 10.6 <0.001*(HS)
Vitamin D (ng/mL) 18.7 £ 5.1 31.6 + 6.8 <0.001*(HS)
Serum calcium (mg/dL) 8.5+ 0.6 9.3+0.7 0.003*(HS)
Serum phosphorus (mg/dL) 39+0.8 4.7 £ 0.9 0.008*(S)
Serum ferritin (ng/mL) 2450 = 560 2305 = 505 0.081(NS)
Table 5: Nutritional status distribution before and after intervention
Nutritional category Baseline n (%) Six months n (%) P value
Severe malnutrition 15 (37.5%) 6 (15%) 0.012%(S)
Moderate malnutrition 18 (45%) 11 (27.5%) 0.031*%(S)
Mild malnutrition 7 (17.5%) 14 (35%) 0.028*(S)

Table 6: Correlation between serum micronutrient levels and growth velocity

Variable Correlation coefficient (r) P value
Serum zinc vs growth velocity +0.61 <0.001*(HS)
Vitamin D vs growth velocity +0.58 0.001*(HS)
Ferritin vs growth velocity -0.39 0.021*(S)

DISCUSSION

The present study evaluated the role of zinc and
vitamin D supplementation in improving growth
outcomes among malnourished transfusion-
dependent thalassemic children and
demonstrated significant improvements in
anthropometric and biochemical parameters
following supplementation. Children receiving
combined micronutrient therapy showed
greater improvements in weight gain, height
gain, body mass index (BMI), and growth
velocity compared with controls. These findings
indicate that correction of nutritional
deficiencies can positively affect growth
patterns in thalassemic children and may be an
effective  adjunct to routine disease
management.

Growth retardation remains one of the most
frequently reported complications among
children with pB-thalassemia major. Despite
advances in blood transfusion protocols and
iron chelation therapy, impaired growth
continues to affect nearly one-third to two-
thirds of pediatric patients.! Growth failure in
thalassemia is multifactorial and involves
chronic anemia, tissue hypoxia, iron overload,
endocrine dysfunction, recurrent infections,

oxidative stress, inadequate nutrition, and
psychosocial disturbances.2-3

Repeated blood transfusions, while essential for
survival, result in progressive iron accumulation
within endocrine glands including the pituitary
gland, thyroid gland, pancreas, and gonads.
Iron deposition within the pituitary may impair
secretion of growth hormone and insulin-like
growth factor-1 (IGF-1), leading to delayed
growth and pubertal abnormalities.4 In
addition, iron-induced  oxidative  stress
contributes to cellular injury and increased
metabolic demands, potentially worsening
nutritional status.

The present study demonstrated significantly
greater weight gain among children receiving
zinc and vitamin D supplementation. Similar
findings have been observed in studies
evaluating micronutrient interventions among
malnourished and chronically ill pediatric
populations. Weight gain observed after
supplementation may be explained by improved
appetite, enhanced protein  synthesis,
restoration of immune function, and improved
metabolic activity associated with zinc
replacement. Zinc deficiency is known to impair
taste sensation, appetite regulation, and
nutrient utilization.>
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Among the various anthropometric outcomes
assessed in the present study, improvement in
linear growth is particularly clinically relevant
because short stature is one of the most
common and psychologically distressing
manifestations of thalassemia major. Zinc is an
essential cofactor for more than 300 enzymatic
systems and participates in  cellular
proliferation, DNA synthesis, nucleic acid
metabolism, and growth hormone signaling
pathways. Deficiency of zinc may therefore
interfere directly with normal skeletal growth
and maturation.¢

Our findings are supported by a recent
interventional study by Jaiswal et al., who
evaluated oral zinc supplementation among
transfusion-dependent thalassemic children
and observed significant improvement in linear
growth and growth velocity  after
supplementation. 10 The authors suggested that
zinc supplementation may represent a simple
and economical intervention capable of
improving growth outcomes in pediatric
thalassemia populations. Their observations
closely parallel the results of the present study.
Similarly, Choudhary et al. conducted an Indian
study assessing trace element status among
transfusion-dependent thalassemic children
and reported significantly lower serum zinc
concentrations  compared  with  healthy
controls.” The investigators proposed that
increased urinary losses, chelation therapy,
oxidative stress, and inadequate dietary intake
may contribute to zinc deficiency in these
patients. Comparable findings were reported by
studies from northern India and western India
demonstrating substantial micronutrient
deficiencies among thalassemic children.8

The present study showed significant
improvement in serum zinc concentrations after
supplementation. Restoration of zinc levels
likely contributed to observed improvements in
growth and nutritional status. Adequate zinc
availability facilitates cellular repair, immune
competence, endocrine function, and protein
synthesis. Furthermore, zinc supplementation
may reduce susceptibility to infections and
improve overall nutritional recovery among
chronically ill children.®

Vitamin D deficiency has increasingly become a
recognized  metabolic  complication in
thalassemia major. Vitamin D plays a
fundamental role in calcium absorption, bone
mineralization, skeletal development, immune
regulation, and muscle function. Deficiency of
vitamin D has been associated with osteopenia,
osteoporosis, fractures, delayed puberty, and

growth retardation among thalassemic
children.11

Recent Indian studies have highlighted the high
prevalence of vitamin D deficiency among
children with transfusion-dependent
thalassemia. A recent study from Central India
reported vitamin D deficiency in approximately
64% of pB-thalassemia major patients and
observed a significant inverse relationship
between vitamin D levels and ferritin
concentrations.12 This observation suggests
that increasing iron burden may adversely
affect vitamin D metabolism.

Meshram et al. similarly reported a high
prevalence of vitamin D deficiency among
transfusion-dependent children and
recommended  routine  screening  and
supplementation in pediatric thalassemia
clinics.23 Their findings support the concept
that nutritional surveillance should become a
routine component of long-term thalassemia
management.

Several biological mechanisms may explain
reduced vitamin D levels among thalassemic
patients. Chronic hepatic iron deposition may
impair hydroxylation of vitamin D and reduce its
activation. In addition, endocrine dysfunction,
reduced sunlight exposure, nutritional
inadequacies, and chronic inflammation may
further contribute to vitamin D deficiency.14
The present study demonstrated significant
improvement in serum vitamin D concentrations
following supplementation. This improvement
was accompanied by better growth outcomes
and increased growth velocity. Adequate
vitamin D status supports  skeletal
mineralization and bone turnover and may
therefore facilitate linear growth among
children with chronic diseases.

The observed increase in growth velocity
among supplemented children suggests a
possible synergistic interaction between zinc
and vitamin D. Zinc influences growth hormone
and IGF-1 pathways while vitamin D enhances
calcium metabolism and skeletal maturation.
Correction of both deficiencies may therefore
simultaneously target multiple
pathophysiological mechanisms responsible for
growth impairment.1s

Ferritin levels in the present study showed a
declining trend following supplementation,
although this reduction did not achieve
statistical significance. Similar observations
have been reported previously where
micronutrient ~ supplementation  improved
nutritional and anthropometric outcomes
without significantly altering iron burden.
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Ferritin primarily reflects transfusion load,
chelation effectiveness, and disease severity
rather than nutritional interventions alone. 16
The findings of the present study have
important clinical implications, particularly in
developing countries such as India where
nutritional deficiencies are highly prevalent and
access to comprehensive thalassemia care may
be limited. Routine nutritional screening for zinc
and vitamin D deficiency may facilitate early
intervention and prevent progression of growth
retardation. zZinc and vitamin D
supplementation are inexpensive, safe, and
potentially effective measures that can be
integrated into  standard thalassemia
management protocols.

Nevertheless, the present study has certain
limitations. The relatively short follow-up period
and  single-center design may limit
generalizability. Long-term multicenter studies
with larger sample sizes and assessment of
endocrine markers such as IGF-1 and growth
hormone levels may provide stronger evidence
regarding the sustained benefits of
micronutrient supplementation.

Overall, the findings of this study support the
growing body of evidence emphasizing the
importance of nutritional interventions in
transfusion-dependent  thalassemia.  Early
identification and correction of zinc and vitamin
D deficiency may contribute substantially to
improved growth, nutritional rehabilitation, and
quality of life among malnourished thalassemic
children.

Clinical Implications

Combined zinc and vitamin D supplementation
may represent a simple, safe, inexpensive, and
practical adjunctive strategy for improving
growth and nutritional outcomes in
malnourished thalassemic children. Routine
screening of serum zinc and vitamin D levels
during follow-up visits may facilitate early
identification of deficiencies and allow timely
intervention.  Incorporating  micronutrient
assessment into  standard thalassemia
management protocols could contribute to
improved growth patterns, reduced morbidity,
and enhanced quality of life in resource-limited
settings.

CONCLUSION

The present study demonstrated that combined
zinc and vitamin D supplementation
significantly improved growth outcomes among
malnourished transfusion-dependent
thalassemic  children.  Children receiving
supplementation showed greater

improvements in weight gain, height gain, BMI,
growth velocity, and biochemical micronutrient
status compared with those receiving standard
care alone. These findings suggest that
micronutrient deficiencies contribute
substantially to growth impairment in
thalassemic children and that correction of
these deficiencies may positively influence
nutritional rehabilitation  and physical
development.

The findings of this study support growing
evidence that targeted nutritional interventions
can serve as effective adjunctive therapies in
pediatric thalassemia care. Early identification
and timely supplementation of micronutrient
deficiencies may help reduce growth
retardation and improve long-term health
outcomes. Larger multicentric studies with
longer follow-up durations are warranted to
evaluate sustained effects on growth, endocrine
function, bone health, and quality of life.
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