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Background: In  India,  the  prevalence  of  beta  thalassemia  is  3.74%,  and  sixty 
to  eighty  percent  of  thalassemic  children  have  vitamin  D  deficiency  syndrome. 
Aim:  To  estimate  the  prevalence  of  vitamin  D  deficiency  and  parathyroid  levels 
in thalassemic children of Central India. Methods: This cross-sectional study was 
conducted on 61 diagnosed beta thalassemic children of 2-12 years of age at the 
pediatric  department  of  the  tertiary  care  institute  of  Central  India  for  six months 
by consecutive sampling method. Demographic, transfusion, and clinical data were 
collected. Serum Vitamin D levels were estimated by electrochemical-luminescence 
technology and serum parathyroid hormone was by immunoassay. Complete blood 
count, serum ferritin/calcium/phosphorous, and liver functions test were performed. 
Frequency, mean, standard deviation, and correlation of various variables were 
performed. Results:  Three‑fourths  of  the  participants  were  above  5  years  of  age 
and male to female ratio was 1.5:1. Most (88.5%) cases required blood transfusion 
every 3–4 weeks duration and 80.3% were receiving chelation therapy and all of 
them were  on  oral  Deferasirox. About  half  of  the  participants  had  serum  ferritin 
levels  1000–3000  ng/dl,  and  27  (44.3%)  had  levels  more  than  3000‑  5000  ng/
dl.  The  total  mean  vitamin  D  and  parathyroid  hormone  were  18.4  ±  9.9  ng/ml, 
and 13.1 ± 15.4 pg/ml  respectively. The prevalence of  low vitamin D was 63.9% 
and low parathyroid level in 21.3% of participants. Serum vitamin D level was 
inversely related to age, serum ferritin level, and transfusion frequency while 
directly related to serum calcium level. Conclusion: The prevalence of vitamin D 
deficiency is 63.9% and low parathyroid hormone is 21.3%. Serum vitamin D has 
a negative correlation with increased age and increased serum ferritin levels.
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disease.[1] Children with beta-thalassemia major are 
chronically anemic, transfusion-dependent, prone to 
acquiring transfusion-associated infections, have poor 
growth, various endocrine diseases, metabolic bone 
diseases,  and  have  a  decrease  in  life  expectancy  when 

Original Article

Introduction

T halassemia is an autosomal recessive inherited 
disorder of hemoglobin, and it is derived from the 

Greek word ‘Thalassa’ meaning sea. It is characterized 
by either the reduction or absence of production of one 
or more globin chains of tetramers of Hb resulting in 
uncontrolled destructions of RBCs leading to severe 
anemia. In beta thalassemia, β globin chain is involved 
which is encoded by Hbβ gene, located on chromosome 
11 resulting in homozygous (major or intermediate 
beta-thalassemia) or heterozygous (minor or carrier) 
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optimal care is compromised.[2-6] Recent meta-analysis 
reported  that  under  5  mortality  is  7  times  higher  in 
severe thalassemia syndrome than in the general 
population and 3.4 times higher risk of death in patients 
of transfusion-transmitted infections while 4.6-time 
higher risk of mortality with serum ferritin higher than 
4000 ng/dl compared to ferritin lower than 1000 ng/dl.[7]

The burden of beta thalassemia is measured by 
obtaining the prevalence of beta thalassemia carrier. 
Estimated global carrier prevalence ranges from 
0.5  to  20%,  and  approximately  80  million  are 
carriers of beta-thalassemia.[8,9] However, the major 
burden of thalassemia is distributed in the Indian 
subcontinents (including Bangladesh, Pakistan, and 
India), Mediterranean and Middle Eastern nations, and 
Southeast Asia. Nowadays, the disorder is also prevalent 
in Northern Europe, North Central and South America, 
and Australia probably due to migration.[10,11] Recent 
systematic review and meta-analysis reported a 3.74% 
pooled prevalence of beta thalassemia carrier in the 
general population and 4.6% among tribal groups of 
India.[12]

Metabolic bone diseases including osteoporosis, rickets, 
spinal deformities, and fractures are some of the 
major morbidities in beta thalassemic children due to 
impaired calcium homeostasis which is thought to be a 
consequence of iron overload, chronic endocrinopathies, 
malnutrition, and inadequate physical activities.[13‑15] A 
report from the USA revealed 73% of thalassemic patients 
had  either  deficient  or  insufficient  vitamin  D  levels, 
while a study from North India and South India reported 
80%  and  60%  of  patients,  respectively  had  deficient/
insufficient  vitamin  D.  A  study  from  Thailand  showed 
90% thalassemic patient had vitamin D deficiency.[14,16-18] 
Hence this study was planned to estimate the prevalence 
of  low  calcium,  vitamin  D  deficiency,  and  parathyroid 
levels in thalassemic children of Central India.

Methods
This cross-sectional observational study was carried out 
at the Day Care Center of the Department of Pediatrics, 
tertiary care institute of Central India on diagnosed 
children of thalassemia major (age group 2-12 years) 
who  were  admitted  for  blood  transfusion  over  six 
months. Considering the availability of patients within 
the data collection period, a total of 61 children and 
adolescents were included in the study by a consecutive 
sampling method. All the necessary information 
regarding  the  study was  explained  to  parents/caregivers 
in vernacular language before enrolling the participants 
and informed written consent was obtained from those 
who were willing to participate in the study. The study 

was approved by the Institutional Ethics Committee (No. 
2529/EC/Pharmac/GMC/NGP dated 25/10/2021).

Inclusion criteria
1) Diagnosed case of thalassemia major by Hb 

electrophoresis/HPLC of age group 2‑12 years
2) Regularly transfused with packed RBCs with a 

minimum of 10 transfusions.

Exclusion criteria
1. Multi-transfused children of sickle cell anemia.
2. Poor compliance with packed cell transfusion.
3. Those who were sick and critically ill patients.
4.  Those who were suffering from malnutrition.
5.  Those  who  were  on  any  calcium,  phosphorus,  or 

vitamin D-containing preparations.

Demographic  details  such  as  age,  sex,  residence, 
socioeconomic  status,  status  of  parents/sibling,  age  at  first 
transfusion, frequency of transfusion, iron chelation therapy, 
duration of chelator therapy, and immunization status 
were collected. Routine hematological and biochemical 
investigations were done in the Central Clinical Laboratory 
of our institute. Serum Vitamin D level was estimated by 
electrochemical-luminescence technology for heterogenous 
immune assay on a fully automatic COBASe411 analyzer 
by Roche (Hitachi) disc system. Serum Vitamin D levels 
less  than  20  ng/ml  were  considered  deficient.  Serum 
parathyroid hormone was estimated by immunoassay on 
COBASe immunoassay analyzer and the reference range 
was 15–51 pg/ml. A Serum PTH  level of  less  than 15 pg/
ml was considered deficient.

Collected Data was entered into a Micro software 
spreadsheet. Statistical software STATA version 14.0 was 
used for statistical analysis to determine the frequency, 
mean, standard deviation, and correlation of various 
variables. P <  0.05  was  considered  as  statistically 
significant.

Results
In this study, a total of 61 participants of thalassemia 
major were included and three‑quarters 46 (75.4%) were 
more  than 5 years of age. The male‑to‑female  ratio was 
1.5:1.  Almost  two‑thirds  of  participants  44  (72.1%) 
were from rural areas and 48 (78.7%) were from lower 
socio-economic classes. Family history of thalassemia 
was  noted  in  33  (54.09%);  amongst  28  (45.9%)  cases 
both  parents  were  suffering  from  either  thalassemia 
major  or  minor  disease  and  in  5  (8.2%)  either  parent 
was  suffering  from  disease  while  in  6  (9.8%)  cases 
siblings were affected. Fifty‑four (88.5%) cases required 
blood transfusion every 3-4 weeks duration. Chelation 
therapy was received in 49 (80.3%) cases and all of 
them  were  on  oral  Deferasirox  [Table 1]. More than 
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two‑thirds  of  50  (81.9%)  participants  were  completely 
immunized as per the National Immunization Schedule 
while  18  (29.5%)  received  the  Pneumococcal  and 
Meningococcal vaccine. Surgical splenectomy was 
done in 12 (20%) cases while spleen was not palpable 
in  5  (8.2%)  cases.  Chelation  therapy  was  withheld  in 
2  (3.3%)  cases  due  to  toxicity.  All  participants  were 
admitted for severe anemia while 2 participants presented 
with congestive cardiac failure. Signs of hemolysis, 
and  liver  dysfunction  were  noted  in  51  (83.6%)  and 

7  (11.5%) participants,  respectively, while none of  them 
had renal or neurological complications. All participants 
were non-reactive to HIV and Hepatitis B while 
5 (8.2%) were reactive to Hepatitis C virus.

Analyzed serum ferritin levels showed that 30 (49.2%) 
had values  in  the  range of 1000‑2999 ng/dl, 27  (44.3%) 
were between 3000 and 4999 ng/dl while 3 (4.9%) cases 
had  below  1000  ng/dl  and  one  participant  had  serum 
ferritin level more than 5000 ng/dl.

The Vitamin D  levels  ranged  from 3.0‑56.5 ng/mL with 
a mean  of  18.4  ng/ml. The  serum Parathyroid  hormone 
level  varied  between  1.2‑93.5  pg/ml,  with  a  mean  of 
13.1  pg/ml.  The  average  serum  calcium  was  8.9  mg/dl 
and  the  mean  phosphorus  level  was  4.3  mg/dl. Among 
the studied participants 39 (63.9%) had low Vitamin D 
levels (<20 ng/ml) while in 13 (21.3%) their parathyroid 
level was low (<15 pg/ml), as shown in Table 2.

The mean serum Vitamin D level for children in the 
age  range of  2–5 years was  25.3 ±  14.5  ng/ml while  in 
age  group  5‑12  years  it  was  16.1  ±  6.7  ng/ml  and  this 
difference  was  statistically  significant  (P = 0.001). In 
correlation of vitamin D level with serum ferritin, the 
mean values were 18.1 ± 14.0 ng/ml, 23.7 ± 10.5 ng/ml, 
12.8 ± 4.3 ng/ml and 12.2 ± 12.9 ng/ml among the serum 
ferritin ranges of less than 1000 ng/dl, 1000–2999 ng/dl, 
3000–4999 ng/dl,  and ≥5000 ng/dl  respectively  and  this 
was  statistically  significant  (P = 0.0001). There was no 
statistically significant difference between the serum level 
of PTH, phosphorus, and magnesium level with vitamin 
D. It was also observed that children with serum calcium 
levels  >8  mg/dl,  and  transfusion  frequency  <75  had 
statistically  significantly  higher  mean  vitamin  D  levels. 
The  mean  serum  vitamin  D  level  (18.8  ±  10.4  ng/ml) 
was observed in children receiving chelation therapy 
while  it was  16.5  ±  1.9  ng/ml  in  children  not  receiving 
chelation therapy and the P value for this correlation 
was 0.46 [Table 3].

Table 2: Hematological and Biochemical Parameters in studied participants
Parameters Minimum Maximum Median Mean SD
Serum Ferritin (ng/dL) 758 6532 2867 2922.3 1158.3
Serum calcium (mg/dL) 5.8 10.2 9 8.9 0.8
Serum Phosphorus (mg/dL)  2.5 11 4.4 4.3 0.6
Vit D (ng/mL) 3 56.5 16.2 18.4 9.9
Hemoglobin (g/dL) 1.9 9.9 5 5.2 1.6
Serum PTH (pg/mL 1.2 93.5 10.2 13.1 15.4
Serum Vit D level, n (%) <20 ng/ml 39 (63.9)

≥20 ng/ml 22 (36.1)
Serum PTH level, n (%) <15 pg/ml 13 (21.3)

≥15 pg/ml 48 (78.7)

Table 1: Demographic characteristics of study 
participants

Characteristics Total participant 
n=61 (%)

Age (years) (Mean±SD)
2–5 years
5.1–12 years

6.6±2.8
15 (24.6)
46 (75.4)

Gender
Male
Female

37 (60.7)
24 (39.3)

Residence
Rural
Urban

44 (72.1)
17 (27.9)

Socio-economic Status
Lower
Middle

48 (78.7)
13 (21.3)

Age at presentation (months) (Mean±SD) 11.6±9.9
Age at first transfusion (Months) (Mean±SD) 11.3±9.7
Transfusion frequency

Every 2 weeks
Every 3-4 weeks
Every 2-3 months

4 (6.6)
54 (88.5)
3 (4.9)

Transfusion requirement (frequency)
All participants (Mean±SD) 74.8±44
Chelation therapy received (yes) 49 (80.3)
Duration of chelation therapy (Mean±SD)
<5 years
>5.1 years

3.5±2.9
30/49 (61.2)
19/49 (38.8)
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Discussion
The majority (three-quarters) of the participants were 
above  5  years  of  age  and male  children were  dominant 
while almost two-thirds of children were from rural 
areas and belonged to lower socioeconomic classes. Our 
demographic  findings  agreed  with  the  reported  77.35% 
and 78.4% by Tiwari et al. and Monem et al. Likewise, 
male gender dominance was reported by various 
authors.[19-24] Although, most of our participants are 
from  rural  areas;  however,  our  finding was much  lower 
than 92% observed by Tiwari et al.[19] Family history 
of  thalassemia  was  observed  in  54.1%  of  participants 
and  siblings  were  affected  in  9.8%  of  cases. Mahmoud 
et al.[23] revealed a family history of thalassemia in 
39.16% of thalassemic children while Jena I et al.[24] 
observed  69%  of  fathers  and  77.5%  of  mother’s  trait 
HPLC status in Indian children.

In  this  study,  the mean  age  of  the  first  transfusion  was 
11.3 ± 9.7 months, the majority of children required 
transfusion every 3-4 weeks, and the mean transfusion 
frequency was 74.8 ± 44. This agrees with earlier 
studies.[24,25] that reported more than 60% of thalassemic 

children were diagnosed in infancy and more than 
two-thirds of thalassemic children required monthly 
transfusion.

It is evident that iron overload leads to multiorgan 
dysfunction and increases the risk of death in thalassemic 
children. In this study, chelation therapy was received 
by  80.3%  and  all  of  them  were  on  oral  deferasirox 
due to this drug is freely available in hospitals, does 
not require hospitalization, avoids hospital stays, and 
minimizes the risk of complication. Similar to our 
findings Bazi et al.[5] noted the majority of their patients 
received deferasirox while in Mahmoud et al.[23] revealed 
majority of thalassemic children were on combined 
therapy  of  deferasirox  and  deferoxamine.  Pallor  was 
noted in all cases, signs of hyperhaemolysis and 
liver  dysfunction  were  observed  in  83.6%  and  11.5% 
of children respectively and 8.2% of children had 
antibodies against hepatitis C virus. Similar types of 
presentations have been reported by various authors in 
their studies.[20,22,23,26] None of our patients had antibodies 
against hepatitis B, and this may not be surprising as the 
majority of the thalassemic children were completely 

Table 3: Correlation of Vitamin D level and other parameters
Parameters n (%) Vitamin D (ng/mL) mean SD Range P
Age group (years)
2–5
>5

15 (24.6)
46 (75.4) 

25.3
16.1

14.5
6.7

7.7‑56.5
3.0–32.1

0.001

Serum Ferritin (ng/dL)
<1000
1000–2999
3000–4999
≥5000

3 (4.9)
30 (49.2)
27 (44.3)
1 (1.6)

18.1
23.7
12.8
12.2

14
10.5
4.3
12.9

9.25–34.2
7.9–56.5
3–22.1

12.2–12.2

0.0001

Chelation Therapy
Yes
No

49 (80.3)
12 (19.7)

18.8
16.5

10.4
1.9

3–56.5
7.66–34.2

0.46

Parathyroid hormone
<15 pg/mL
≥1 5 pg/mL

48 (78.7)
13 (21.3)

19.3
15.1

9.6
10.8

3–56.5
3.37–45.3

0.15

Serum calcium (mg/dL)
<8
≥8

55 (90.2)
6 (9.8)

10.2
18.9

9.2
9.9

7.7–32.1
3–56.5

0.03

Serum Phosphorus (mg/dL)
≥3
<3 

59 (96.7)
2 (3.3)

18.6
15.3

10.0
8.9

3–56.5
6.49–27.8

0.64

Transfusion frequency
<75
>75

30 (49.2)
31 (50.8)

21.8
16

12.3
6.3

3–56.5
3.37–32.2

0.02

Serum Magnesium (mg/dl)
59 (96.7)
2 (3.3)

18
28.2

9.9
5.6

3–56.5
22.4–32.1

0.15
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immunized as per the national immunization schedule 
and  29.5%  had  received  pneumococcal/meningococcal 
vaccine;  however,  there  is  no  effective  vaccine  against 
hepatitis C.

The mean Hb and serum ferritin levels were 
5.2 ± 1.6 gm/dl and 2922.3 ± 1158.3 ng/dl  respectively. 
More  than  two‑fifths  (44,3%)  had  serum  ferritin 
between  3000‑5000  ng/dl  and  only  one  participant  had 
a  value  >5000  ng/dl.  Such  high  ferritin  levels  because 
all the patients were on chronic blood transfusion and 
our  results  are  concurrent  with  the  findings  of  other 
authors.[14,26,27]

Vitamin  D  deficiency  was  noted  in  63.9%  and 
hypoparathyroidism in 21.3% of thalassemic children. 
The  observed  prevalence  of  vitamin  D  deficiency 
(63.9%) in our study is comparable to ranges between 
49% to 79% reported by various earlier authors 
both within and outside India.[3,14,26,28] In the present 
study, the mean serum level of vitamin D was 
18.4  ±  9.9  ng/ml.  Various  researchers  noted  that  the 
level  of  25‑OH‑vitamin D  level was  significantly  lower 
among beta-thalassemia patients compared to the normal 
population.[3,4,26-30] Despite exposure to good sunlight and 
routine prescription of vitamin D, some of the possible 
reasons for such low levels of vitamin D in thalassemic 
children were endocrinopathies, defective hepatic 
hydroxylation  of  vitamin  D,  hepatic  haemosiderosis, 
dark skin, poor nutrition, and vitamin D malabsorption. 
All the children in this study had high serum ferritin 
levels despite being on chelator.

Hypoparathyroidism  (PTH  <15  pg/ml)  was  noted  in 
21.3% of our patients which is similar to the reported 
incidence ranges of 2–38% in thalassemic children by 
previous authors.[3,5,14,31,32] Slightly higher incidence of 
hypoparathyroidism in this study might be because 
most of our thalassemic children were older, received 
monthly blood transfusions, and 20% of cases have had 
splenectomy done. Bazi et.al.,[5]  also  identified  factors 
such as older age, the mean received a blood transfusion, 
total transfused blood per year, splenomegaly, 
hepatomegaly, chelation regimen, and splenectomy as 
independent risk factors of low PTH. In contrast to our 
findings Agrawal et al.[33] reported high mean PTH levels 
in  thalassemic children [64.35 ± 16.01 pg/ml) compared 
to their control (42.61 ± 13.75 pg/ml).

In the current study, the total mean serum level of vitamin 
D  was  significantly  higher  in  the  age  group  2–5  years 
compared  age  group  of more  than  5  years  (P = 0.001). 
Vitamin  D  level  statistically  significantly  decreases 
as serum ferritin level increases. It is also observed 
that serum vitamin D level increases in children with 

serum  calcium  level  less  than  8  mg/dl  and  transfusion 
frequency  less  than  75  while  we  could  not  find  a 
significant  correlation with  parathyroid  hormone,  serum 
phosphorus, magnesium level, children on chelation 
therapy. A decrease in vitamin D level with an increase 
in serum ferritin and an increase in age group might be 
due to iron overload, endocrinopathy, poor nutrition, 
and no or inadequate supplementation of calcium 
and vitamin D. We could not correlate the relation of 
parathyroid hormone level with vitamin D probably 
due to small sample size. Shah B et al.[34] reported out 
of  72  patients  with  vitamin  D  level  <30  ng/ml,  52% 
had  ferritin  level  >2500  µg/l  (OR  =  2.23 P = 0.220, 
95  CI)  and  35% were  <5  years  (OR  =  0.18, P = 0.01, 
95  CI). While  Jauhari  et al.[35] reported strong negative 
correlation with serum ferritin level and serum vitamin 
D level (P = 0.008, r = −0.476).

Conclusion
Most  of  the  participants were more  than  5  years  of  age 
and required blood transfusion every 3-4 weeks duration. 
More than 80% were on chelation therapy and all of 
them were on oral deferasirox. All of them had pallor and 
almost  50%  of  cases  had  serum  ferritin  levels  between 
1000‑3000  ng/dl,  63.9%  had  vitamin  D  deficiency  and 
21.31% had low PTH levels. Serum vitamin D level 
was inversely related to age and serum ferritin level 
and transfusion frequency with a positive correlation 
with serum calcium level. These abnormalities may be 
due to iron overload and poor nutrition and they require 
frequent monitoring for early detection and to prevent 
bone diseases.
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