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Background and objectives: Sickle cell disease poses a significant healthcare burden across several regions and states in India. We present
findings from a sickle cell anaemia registry in the State of Jharkhand, a tribal predominant state situated in Eastern India, to provide an
insight into the clinico-epidemiological profile and need-based management of sickle cell anaemia.

Methods: Sickle cell disease Registry at Rajendra Institute of Medical Sciences (RIMS), Ranchi, Jharkhand was started in the year 2022
and it has 334 sickle cell disease patients recruited over two and a half years. This clinical research provides systematically captured
comprehensive data of sickle cell anaemia patients with HbSS genotype, including demographics, clinical presentation, laboratory
findings, treatment modalities, complications, and their outcomes.

Results: Clinical manifestations varied from mild to severe, with the most common presentation being vaso-occlusive crises (n=257,
94.5%). A significant proportion of patients required blood transfusion n=260, (95.6%). Hydroxyurea the mainstay of treatment, was
taken regularly by 136, (50%) of patients, whereas n=68, 25% were irregularly taking hydroxyurea medication and n= 68, 25% never
took it. Regular intake of hydroxyurea therapy was significantly associated with reduction in pain crises and a decreased need for blood
transfusion.

Interpretation and conclusions: Establishment of hydroxyurea monitoring units, monitoring of blood transfusion through appropriate
investigations, increased utilisation of iron chelation therapy, and identification of patients with increased stroke risk can lead to improved
patient care, escalated awareness and reduced rate of hospitalisation in sickle cell disease.
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Sickle cell disease (SCD) 1is a hereditary 26% of its population belonging to 32 different tribal

hemoglobinopathy characterised by the presence
of abnormal haemoglobin S, leading to chronic
haemolytic anaemia, vaso-occlusive crises, and
multiorgan damage.' It is a significant public health
concern, particularly in regions with high prevalence,
such as sub-Saharan Africa, the Middle East, and parts
of India.> Despite advances in management, SCD
remains associated with high morbidity and mortality,
especially in low-resource settings.’

India, with a projected population of 1.45 billion in
2024, has a tribal population comprising 8.6% of its
total distribution, across various State.* Jharkhand has

communities.” Although a high prevalence of sickle
cell disease has been reported in the State, there is lack
of studies providing accurate epidemiological data.®’
The Indian National Sickle Cell Elimination Program
aims to address the significant health challenges
faced by SCD patients, particularly among the tribal
populations and to eliminate the disease as a public
health problem by the year 2047.

Clinical heterogeneity exists among different
ethnicities and geographical locations across the
nation.! While studies representing sickle cell disease
populations from various States are available, there is
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Figure. This figure presents the flow chart showing recruitment of study participants as well as availability of epidemiological and clinical
data in SCDrRR. SCD, sickle cell disease; HbSC, haemoglobin SC disease; HPLC, high-performance liquid chromatography; CBC, complete

blood count.

a paucity of such data from Jharkhand.” Establishing
the registry is crucial for understanding the disease
prevalence and progression, enabling better monitoring
and treatment strategies. This paper emphasises the
need to scale up the sickle cell disease registry across
Jharkhand to aid in programme planning, disease
prevention, and management.

Methods

Study design: This was a Registry-based prospective
observational study. The Sickle Cell Disease Registry at
Rajendra Institute of Medical Sciences (RIMS), Ranchi
(SCDrRR), Jharkhand, India, provides systematically
captured comprehensive patient data, including
demographics, clinical presentation, laboratory
findings, treatment modalities, complications, and
outcomes. SCDrRR was established in the department
of Genetics and Genomics in collaboration with the
departments of Paediatrics, Medicine, and Obstetrics
and Gynaecology, RIMS, Ranchi, a tertiary care
institute in Eastern India. Informed consent/assent was
obtained from patients or, when applicable, from their
parents or guardians. Ethical approval was obtained

by the Institutional Ethics Committee, RIMS, Ranchi.
Confidentiality of study participants and data security
were strictly maintained throughout the study.

Study objectives: The primary objective was to study
the clinical profile of sickle cell disease patients having
HbSS genotype referred to our hospital for disease
management over a two and a half year period. The
secondary objectives were to determine the predictors
of vaso-occlusive crisis in HbSS and to study the
epidemiological profile of the patients in the hospital-
based sickle cell disease registry.

Study setting: There were 420 sickling positive
patients out of which 76 were sickle cell trait. This
study presents demographic data for 334 patients
registered in SCDrRR during July 2022 till December
2024. Clinical data analysis was conducted for 272
patients with HbSS genotype. Haematological and
HPLC data were available only for 204 patients among
homozygous genotypes. Figure presents the flow chart
depicting inclusion of study participants in SCDrRR.

Participant  selection: Inclusion criteria  were
genotypically confirmed cases of HbSS, age group 2-65
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yr and no history of blood transfusion in past 6 wk. The
exclusion criteria were unwillingness to participate in
the study, pregnant women, patients diagnosed with
arthritis, or any other chronic conditions associated
with joint pain, chest pain or abdominal pain and
patients with severe acute or chronic illness other than
sickle cell disease.

Study variables: SCD patients were classified into five
molecular subgroups (HbSS, HbSp, HbSE, HbSC and,
HbSD) depending upon the genotypic data. An episode
of vaso-occlusive crisis was defined as the occurrence
of pain in the extremities, back, abdomen, chest,
or head that lasted at least two hours, led to a clinic
visit, and could not be explained except by sickle cell
disease.® Anaemia was categorised as severe, moderate
or mild when haemoglobin concentrations were <7 g/
dL, 7-10 g/dL, or more than 10 g/dL, respectively.’

Data collection and data management: A standardised
data collection form was developed to ensure
consistency and completeness. Trained researchers
systematically recorded patient data in an electronic
database using the REDCap tool. The data collection
took place in various wards of RIMS, a premier tertiary
care institute in Eastern India, where patients sought
disease management.

As part of SCDrRR study protocol, 3—5 mL of
blood was collected from each recruited patient
in EDTA vacutainers. DNA was extracted using a
modified salting-out method to obtain high-quality
genetic material. The purity and concentration of the
extracted DNA were assessed using Multiskansky
high from Thermo Fisher Scientific. Genotypic
characterisation of all patients was performed using
capillary sequencing on the SeqStudio Flex Genetic
Analyzer, Applied Biosystems (Thermo Fisher
Scientific, MA, USA), allowing for precise genetic
profiling. To minimise selection bias, all consecutive
admitted or OPD patients with sickle cell anaemia were
included in the study. To minimise recall bias, medical
records were used to verify the data on total number
of transfusions, total number of vaso-occlusive crises,
and use of medications. Same confirmatory method
and platform of molecular testing was used for all the
patients minimising measurement bias. All the samples
were de-identified after DNA extraction.

To maintain data integrity, regular audits were
conducted to verify completeness and accuracy.
Additionally, periodic data analysis was performed to
generate reports on disease trends, healthcare utilisation,
and patient outcomes. These efforts contributed to a

comprehensive understanding of the disease burden
and helped improve patient management strategies.

Follow up: Patients in SCDrRR were followed up at
6 months interval till the end of one year. Among 272
HbSS patients, 175 patients completed a followed up
of one year by December 2024 whereas 214 patients
completed follow up of 6 months only. 58 patients
were lost to follow up due to inability to contact on the
two mobile numbers that were given by the patients or
their relatives. The data was used to generate reports on
disease trend and patient outcomes.

Statistical analysis: Descriptive statistics were used
for the representing the baseline characteristics
and demographics data. Continuous variables are
summarised in mean and standard deviation or medial
or interquartile range. The categorical variables are
presented as count and percentages. We conducted
linear regression analysis to determine the predictors
for the vaso-occlusive crises with key predictors like
total leukocyte count, age, total number of transfusions,
and regular use of hydroxyurea. The analysis included
univariate, stepwise regression analysis with removal
probability (0.20) and multivariable linear regression
analysis. Model fit was examined by R-squared.
Statistical significance was defined at a two-sided alpha
of 0.05. All the statistical analyses were conducted
using the STATA software version 18 (Boston College,
USA).

Results

Actotal of 334 patients either homozygotes or compound
heterozygotes for SCD were entered into the registry.
The most common genotype was HbSS, observed in
272 cases (81.2%). The epidemiological characteristics
of the patients enrolled in the Sickle Cell Disease
Registry at RIMS, Ranchi (SCDrRR) are detailed in
Table I.

Clinical characteristics of the SCDrRR patients
are detailed in Table II. Hematological and HPLC
parameters in patients with HbSS phenotype are shown
in Table II1.

Vaso-occlusive crisis was the most common
clinical presentation among HbSS patients for hospital
admission. The mean number of vaso-occlusive crises
in males was 4.41 (95% CI: 3.92-4.89), whereas in
females, itwas 4.06 (95% CI:3.41-4.71). The difference
between the two groups was statistically insignificant
(P=0.395). In the present study, crisis episodes were
significantly lower in patients taking hydroxyurea
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Table 1. Epidemiological characteristics of patients in

SCDrRR
Characteristics (n=334) Frequency (%) or Mean (CI)
Age (yr)
0-<5 16 (4.8)
5-<10 70 (20.9)
10 - <20 155 (46.4)
20 - <30 68 (20.4)
30 - <40 19 (1.8)
40 - <60 07 (1.7)
Gender
Male 213 (63.8)
Female 121 (36.2)
Genotype of the SCA patients
HDSS 272 (81.2)
HDSP 57 (17.0)
HbSE 02 (0.6)
HbSC 02 (0.6)
HbSD (Punjab) 01(0.3)
Caste-based category of the patients in the registry
Scheduled tribe (ST) 154 (46.1)
Scheduled caste (SC) 44 (13.2)
Other backward class (OBC) 73 (21.9)
General 63 (18.8)

CI, confidence interval; SCA, sickle cell anaemia

regularly as compared to the patients who were either
irregular or not on hydroxyurea therapy (mean 2.9;
CI: 2.6,3.2 versus mean 5.7; CI: 5.1,6.3) (P<0.001).
The patients who had ever taken hydroxyurea (regular
and irregular) did not have lesser number of painful
crises as compared to the patients who did not take
at all. However, we observed a significant negative
correlation (P<0.001) between regular intake of HU
and number of vaso-occlusive crises in the patients.

Healthcare utilisation in terms of blood transfusion
was high among HbSS genotype. Average number of
RBC transfusion was 16.7 (95% CI: 13.8, 19.6). The
mean time interval between the transfusions was 10.5
(95% CI: 8.6,12.4) months. Post-transfusion adverse
reactions occurred in 47 (18.1%) patients. Serum iron
and ferritin studies were done only in 13 (4.8%) and
25 (9.19%) patients respectively. Mean iron level was
69.3 (C132.9, 105.7) ug/dL and mean ferritin level was
2063.7 (C1929.8, 3197.5) ng/mL.

Death was reported in 14 patients (5.1%) and the
mean age at death was (22.5+£12.2) years for HbSS
patients. The causes of death included respiratory
distress (n=9, 64.3%), multiple organ failure (n=2,
14.3%), post-transfusion complications (n=2, 14.3%)

Table II. Clinical features and Parameters of therapeutic
intervention in patients with HbSS genotype

Variables (n=272) Number (%)
Vaso-occlusive crisis 257 (94.5)
0-2 84 (32.7)
3-4 80 (31.2)
>5 93 (36.0)
Severity anaemia

Severe 138 (50.7)
Moderate 123 (45.2)
Mild 11 (4.0)
Acute chest syndrome 116 (42.6)
Stroke 11 (4.0)
Priapism 4 (1.5)
Splenic sequestration 40 (14.7)
Splenomegaly 55(20.2)
Hepatobiliary complications 68 (25)
*Transaminitis 45 (16.5)
Cirrhosis 15(5.5)
“Cholelithiasis 08 (2.9)
Diastolic heart dysfunction 18 (6.6)
Acute severe headache 45 (16.5)
Joint pain 213 (78.3)
Chest pain 172 (63.2)
Pulmonary hypertension 10 (3.7)
Recurrent abdominal pain 40 (14.7)
Recurrent loss of consciousness 137 (50.4)
Acute cerebrovascular symptom 78 (28.7)
Avascular necrosis 9(3.3)
Seizure 15(5.5)
Leg ulcer 5(1.8)
Transient loss of vision 3(1.1)
Transient ischemic attack 4(1.5)
Hydroxyurea (HU) medication status

Regularly taking HU 136 (50)
Irregularly taking HU 68 (25)
Not on HU 68 (25)
Ever received blood transfusion 260 (95.6)
Post transfusion adverse reaction 47 (18.1)
Mortality 14 (5.1)

#One patient had both transaminitis and cirrhosis, another patient
had transaminitis and cholelithiasis both and among the patients

with transaminitis, 4.4% had SGPT > 3 times URL

and stroke (n=1, 7.1%). Penicillin prophylaxis was
uncommon; only one (6.25%) of younger children (age
<5 yr) received antibiotic prophylaxis. Pneumococcal
vaccination was done in five (1.84%) individuals.
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Table I11. Haematological and HPLC parameters in patients with HbSS genotype

Parameters (n=204) Mean Standard error 95% CI
Haemoglobin (g/dL) 7.9 0.141 7.65-8.21
Haematocrit (%) 25.1 0.430 24.18-25.87
Mean corpuscular volume (fL) 83.5 1.08 81.34- 85.59
Mean corpuscular Hb concentration (g/dL) 31.5 0.27 30.94-32.01
Red cell distribution width (%) 19.5 0.567 18.37-20.61
Total leucocyte count (X10%/uL) 11.4 0.492 10.45-12.39
Neutrophil count (%) 57.6 % 1.202 55.21-59.96
Platelet count (X10%/uL) 192.9 7.959 177.24-208.64
HPLC parameters (%)
HbAO 6.45 0.73 5.02-7.88
HbA2 2.80 0.194 2.42-3.18
HbS 70.34 0.734 68.89-71.79
HbF 18.33 0.541 17.27-19.39

Regression analysis: On univariate analysis, High total
leukocyte count was statistically significantly associated
with the increase in the vaso-occlusive crises per year
(P=0.035). Regularly using hydroxyurea was found to
be statistically significantly associated with the with
lower painful crisis episodes (P<0.001), indicating
protective effects. Total number of transfusions was
associated with higher vaso-occlusive crises in patients
with sickle cell disease (P<0.001). Other variables
like gender, haematocrit, MCV, haemoglobin,
platelet count, neutrophil, history of stroke were not
significantly associated with number of crises per year.
Multivariate linear regression was performed to
assess whether TLC, age, number of transfusions,
and regular use of hydroxyurea predict the number
of vaso-occlusive crises in patients with sickle cell
disease (n=272). The overall model was statistically
significant  (P<0.001), indicating approximately
21.7% of variance in the number of painful crisis per
year. Regular use of hydroxyurea was significantly
associated with a reduction in the frequency of vaso-
occlusive crises (P<0.001). Total leukocyte count was
also found to be an independent predictor for increase
in the number of crises per year (P=0.019). Further,
we categorised the patients based on age (< 5, >5-20,
and >20 yr), Total leucocyte count (< 10,000/cmm and
>10,000/cmm) and number of transfusions (< 12 and
>12). On multivariate analysis for prediction of vaso-
occlusive crises using the different categories of age,
total leucocyte count, and total number of transfusions,
no difference in the effects was observed within
these categories. A univariable regression analysis
was conducted to determine the association between
various clinical and haematological parameters and

the occurrence of acute cerebrovascular symptoms in
patients with sickle cell disease. Neutrophil percentage
was significantly positively associated with acute
cerebrovascular symptoms ($=0.003, P=0.003).

Discussion

The clinical characteristics of 272 sickle cell disease
patients in our registry revealed severe phenotypic
presentation of sickle cell disease in Jharkhand.
Vascular crisis was the most common complication.
Approximately two third patients presented with
severe anaemia and several patients experienced stroke
related symptoms. In the comprehensive care model
of Western India, 35.4% patients had >3 episodes of
painful crises as compared to 67.3% in our study.'’ In a
retrospective analysis of 250 sickle cell disease patients
in North East of India, vascular crisis was present only
in 48.4% patients.!! In another retrospective study of
316 sickle cell disease patients from Central India,
52.5% had painful crises requiring hospitalisation.'? In
another prospective hospital-based study from Central
India that followed 325 children, vaso-occlusive crises
was present in 65.3%."3 Our registry patients had a
higher number of vaso-occlusive crises as compared
to Indian Sickle Cell Disease Registry (ISCDR),
Central India and North East of India studies as well as
multicentric Oman study where three or more episodes
of painful crises per year occurred in only 36.6.5!1-14

In our study, crisis episodes were significantly lower
in patients taking hydroxyurea therapy regularly. This
was consistent with the findings in comprehensive care
model of SCD among Rural Western population of
India where with hydroxyurea therapy, vaso-occlusive
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crises episodes (>3 per yr) decreased from 35.4%
to 9.8% (P<0.001)." These findings highlight the
need for hydroxyurea monitoring units in sickle cell
anaemia care centres. Our cohort also had more severe
anaemia (67.3%) requiring frequent blood transfusions
as compared to ISCDR, where severe and moderate
anaemia was present in 30.56% and 66.05% patients,
respectively®. Blood transfusion history revealed that
95.6% of patients had received at least one transfusion
in lifetime, the number being high as compared to
studies from north, east, central India, and rural western
India where blood transfusion occurred in 72.4%,
76.6%, and 26.2%, respectively.!®!> Use of transfusion
therapy without clear indications resulted in adverse
clinical outcomes and increased economic burden.'
Despite a high number of RBC transfusion and a high
serum ferritin levels in HbSS group in this study, only
three patients (1.1%) were on iron chelation therapy
as compared to 22.4% in North Eastern SCA study.!!
In a randomised double-blind trial, 3 months treatment
with 150 mg/kg/day deferoxamine caused a 33% to
60% reduction in serum ferritin and demonstrable
improvement in hepatic function in all patients. No
toxicity was encountered in these patients.'® Further,
in a recent study, administration of iron chelation
drugs with hydroxyurea improved clinical symptoms
and prevented hydroxyurea induced DNA damage."”
The findings suggest that iron chelation may be
beneficial in SCD despite differences in the biology
of iron overload between SCD and thalassaemia. We
emphasise that iron-related organ damage in SCD is
under recognised, partly because the damage is often
attributed to SCD itself.!® SCD related organ damage
(hepatic involvement and cardiac involvement) was
present in 28.8% patients in this study that further
highlights the need for studies on iron status and
iron chelation especially in the patients with multiple
transfusions.

Overt stroke, transient ischemic attack, acute
severe headache, and seizure were present in 28.7%
of patients, highlighting the fact that most SCD
patients experience cerebrovascular symptoms.'’ This
underscores the importance of transcranial doppler
and magnetic resonance imaging studies in detecting
cerebral complications. Identification of this subgroup
of SCD and strategic management with erythrocyte
transfusion and iron chelation therapy may help in
decreasing stroke related morbidity and morbidity.
Additionally, several genetic factors contribute to
stroke risk in SCD and may help to identify therapeutic
targets.'”?’ Mortality of 5.1% was present in our patients
over a period of one year follow up as compared to

1.8% in the comprehensive care model of Gujrat.'® This
necessitates better management strategies to improve
survival outcomes in SCD.

Strength of this study includes prospective nature
of the study, robust clinical data and enrolment of
patients coming from different districts of the tribal
predominant state, Jharkhand during the study
period. Further, we performed genotyping of all the
patients included in the registry to confirm the type of
hemoglobinopathy. Limitations of the study include
a smaller number of participants, inclusion of single
centre and unavailability of CBC and HPLC reports in
few of the documented cases of SCD. Despite the lack
of HPLC reports in some of the patients, no selection
bias was introduced as we used genotyping for disease
confirmation.

Implications of the study include implementation of
hydroxyurea monitoring units in sickle cell anaemia
care centres for long-term adherence to hydroxyurea
therapy thereby reducing the need for blood transfusion.
Additionally, for patients requiring high number of
blood transfusions, practices of iron profile studies
should be implied. In cases of high ferritin levels or in
high iron storage conditions, provision and availability
of iron chelation therapy should be ensured by the
policy makers. Further, availability of transcranial
doppler studies should be ensured in sickle cell disease
care centres for identification of increased stroke risk
and strategic planning for long term blood transfusion.
Integrating the therapies into sickle cell comprehensive
care units will improve patient outcomes and reduce
overall disease burden.

Author contributions: AP: Conceived and coordinated,
statistical analysis, intellectual content, manuscript writing; AK:
Data acquisition and analysis, manuscript writing; KK: Data
acquisition and analysis; PKC: Provided samples, manuscript
writing, intellectual content; SS: Data interpretation, intellectual
content, manuscript writing; GC: Intellectual content, manuscript
writing; SK: Provided samples; AVK: Manuscript writing,
intellectual content; AK: Statistical analysis; RTG: Provided
samples, intellectual content, manuscript writing. All authors have
read and approve the final printed version of the manuscript.

Acknowledgment. Authors acknowledge lab technicians Ms
Pushpam Kumari and Rita Z. Rebecca for providing their constant
support in sample storage and DNA extraction.

Financial support and sponsorship: The study received
funding support from the Indian Council of Medical Research
(ICMR/08/2572/SGP-2023) given to first and corresponding
author (AP).



94 INDIAN J MED RES, JANUARY 2026

Y-

Tg ST IR & Gl 9T H R, SATg aget Toa gRave & e da Tt 6 f@fa w snarfia g ok Toa-wda o @ wra 8|

frent T et B | S0 6T IR e de GifEaT @ ufta Afat i fofen- gt mardiSreme Tiersed o GraeT 9T Saadsdl- Snaiia
TG & fGRIT T T AT o1 | 31 § I s e o et Ta TR @ wien 135 forg eregreiafean wifefan garsat it @i, 3fea
S 3 AT § ToR ST ht AR, 31w 9w (iron chelation) SR & SudiT & gfg, T e & 3o SN ara A 6t vgam SE
I, FRIR g & Tehd € | 37 SUTal @ AT 3t Jeiret § G gl € | SiTeehan | gfg i srearet & o7eif g &l o & it &g St Hahe € |

Conflicts of Interest: None. 10.

Use of Artificial Intelligence (AI)-Assisted Technology

for manuscript preparation: The authors confirm that there

was no use of Al-assisted technology for assisting in the writing of 11.
the manuscript and no images were manipulated using Al.

References o
1. Piel FB, Steinberg MH, Rees DC. Sickle cell disease. N Engl
J Med. 2017;377:305.
2. World Health Organization. Institutional Repository 13
for Information Sharing. Sickle-cell anaemia: report
by the secretariat. Available from: https://iris.who.int/ 14

handle/10665/20890, accessed on November 6, 2025.

3. Grosse SD, Odame I, Atrash HK, Amendah DD, Piel FB,
Williams TN. Sickle cell disease in Africa: A neglected cause of
early childhood mortality. Am J Prev Med. 2011;41:S398405. 15

4. Census of India. National Portal of India. Provisional
population totals of 2011. Available from: https://www.india.
gov.in/provisional-population-totals-2011-census?page=1,
accessed on November 6, 2025.

5. National Portal of India. Annual Reports of Ministry of Tribal
Affairs. Available from: https://www.india.gov.in/annual-
reports-ministry-tribal-affairs-0, accessed on November 6,
2025.

6. Sharma Y, Bhat D, Sridevi P, Surti SB, Ranjit M, Sarmah J,
et al. Sickle cell disease in Indian tribal population: Findings
of a multi-center Indian SCD registry. Blood Cells Mol Dis.
2024;109:102873.

7. Jain D, Gupta M, Madkaikar M, Jena RK, Khargekar N,
Saraf SL, et al. Sickle cell disease in India: Current status and
progress. Lancet Haematol. 2024;11:e322-3.

8. Telfer P, Kaya B. Optimizing the care model for an 19.
uncomplicated acute pain episode in sickle cell disease.
Hematology Am SocHematolEduc Program. 2017;2017:525—

33.

9. World Health Organization. Haemoglobin concentrations for 20.
the diagnosis of anaemia and assessment of severity. Available
from:  https://www.who.int/publications/i/item/WHO-NMH-
NHD-MNM-11.1, accessed on November 6, 2025.

16.

17.

18.

Desai G, Dave K, Banerjee S, Babaria P, Gupta R. Initial
outcomes of a comprehensive care model for sickle cell
disease among a tribal population in rural western India. /nt J
Community Med Public Health. 2016;3:1282-7.

Dutta A, Dutta TS, Shukla A, Gogoi P. A retrospective analysis
of demographics, clinical features, and treatment patterns in
sickle cell disease patients at a tertiary healthcare center of
North East India. Cureus. 2024;16:€74489.

Jain D, Italia K, Sarathi V, Ghoshand K, Colah R. Sickle cell
anemia from central India: A retrospective analysis. Indian
Pediatr. 2012;49:911-3.

. Patel AB, Athavale AM. Sickle cell disease in central India.

Indian J Pediatr. 2004;71:789-93.

. Alkindi S, Al-Jadidi S, Al-Adawi S, Elsadek RA, Al Madhani

A, Al-Nabhani M, et al. Multi-center study on mortality in
children, and adults with sickle cell anemia-risk factors and
causes of death. Sci Rep. 2024;14:8584.

. Darshana T, Rees D, Premawardhena A. Hydroxyurea and

blood transfusion therapy for sickle cell disease in South Asia:
Inconsistent treatment of a neglected disease. Orphanet J Rare
Dis. 2021;16:148.

Silliman CC, Peterson VM, Mellman DL, Dixon DJ, Hambidge
KM, Lane PA. Iron chelation by deferoxamine in sickle cell
patients with severe transfusion-induced hemosiderosis:
A randomized, double-blind study of the dose-response
relationship. J Lab Clin Med. 1993;122:48-54.

Al-Khateeb RS, Althagafy HS, ElAssouli MZ, Nori DA,
AlFattani M, Al-Najjar SA, et al. Iron chelation reduces DNA
damage in sickle cell anemia. Clin Appl Thromb Hemost.
2021;27:10760296211047230.

Coates TD, Wood JC. How we manage iron overload in sickle
cell patients. Br J Haematol. 2017;177:703—16.

Kumari A, Chauhan G, Chaudhuri PK, Kumari S, Prasad A.
Genetic variants associated with the risk of stroke in sickle cell
anemia: Systematic review and meta-analysis. Hemoglobin.
2024;48:101-12.

Choudhury NA, DeBaun MR, Rodeghier M, King AA, Strouse
JJ, McKinstry RC. Silent cerebral infarct definitions and full-
scale 1Q loss in children with sickle cell anemia. Neurology.
2018;90:¢239-46.

For correspondence: Dr Anupa Prasad, Department of Biochemistry, Rajendra Institute of Medical Sciences, Ranchi 834 009, Jharkhand,

India
e-mail: anupaprasad651@gmail.com



