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Abstract:  
Introduction: Sickle Cell Disease (SCD) is an inherited hemoglobinopathy that leads to a variety of systemic 
complications, including impaired growth and development in children. Growth retardation, delayed puberty, 
and malnutrition are common among affected individuals. Although hydroxyurea (HU) therapy is frequently 
used to reduce disease complications, its effect on growth outcomes remains uncertain. This study investigates 
the growth patterns, developmental challenges, and impact of hydroxyurea in children with SCD. 
Methods: A prospective observational study was conducted at a pediatric hematology clinic in Vadodara, 
Gujarat, involving 50 children with SCD aged 5-18 years, all undergoing hydroxyurea treatment. 
Anthropometric measurements (weight, height, BMI) were taken at baseline and at regular follow-ups over a 
one-year period. Sexual maturity ratings were also monitored. Statistical analysis was performed using chi-
square tests. 
Results: The study revealed that the children experienced modest improvements in weight and height over the 
course of the year. The average weight-for-age increased from 26.38 kg to 28.98 kg, while height-for-age 
improved from 130.91 cm to 137.25 cm. Despite these gains, a majority of children remained underweight, with 
BMI between the 5th and 25th percentiles. Delayed sexual maturation was noted in several participants, 
particularly males. Hydroxyurea doses ranged from 20.01 mg/kg/day to 21.83 mg/kg/day, with no significant 
adverse effects on growth observed. 
Discussion: Consistent with existing literature, this study confirmed that children with SCD suffer from stunted 
growth and delayed sexual maturation, primarily due to chronic anemia, increased energy expenditure, and 
frequent infections. Although hydroxyurea reduced the frequency of painful crises, its impact on promoting 
growth was limited. Nutritional interventions and regular growth monitoring are critical for improving long-
term outcomes in children with SCD. Additional interventions, including hormonal assessments, may be 
necessary to address persistent growth and pubertal delays. 
Conclusion: Children with SCD are at risk for significant growth delays and developmental challenges. While 
hydroxyurea helps in managing some aspects of the disease, it does not fully address growth and maturation 
issues. Comprehensive care, including nutritional support and continuous growth monitoring, is essential to 
optimize outcomes for these children. 
Keywords: Sickle Cell Disease, Growth Retardation, Hydroxyurea, Delayed Puberty, Pediatric Hematology, 
Nutritional Support, Anthropometry, Sexual Maturity, Developmental Challenges. 
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Introduction 

Sickle Cell Disease (SCD) is an inherited 
hemoglobinopathy characterized by abnormal, 
crescent-shaped red blood cells (RBCs) that 
compromise oxygen transport, leading to systemic 
complications such as anemia, pain crises, and 
impaired growth and development in children. 
Growth delays, delayed puberty, and poor 
nutritional status are consistently reported in 
children with SCD, particularly in low-resource 

settings where malnutrition and healthcare access 
issues persist [1, 2]. 

Children with SCD typically experience normal 
birth weight but face stunted growth during 
prepubertal years. These delays become more 
pronounced due to frequent infections, increased 
energy expenditure, and chronic anemia [3]. 
Hydroxyurea (HU), a myelosuppressive agent, is 
widely used in managing SCD symptoms, but its 
role in mitigating growth challenges remains an 
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area of active research [4]. This paper explores the 
growth patterns and developmental delays in 
children with SCD and evaluates the impact of 
hydroxyurea on these outcomes. 

Review of Literature 

Stevens et al. (1986) identified delayed prepubertal 
growth in children with SCD, emphasizing the role 
of chronic anemia and increased energy demands in 
stunting growth [11]. Similarly, research by Platt et 
al. (1984) demonstrated that both height and weight 
gain in children with SCD are significantly 
delayed, with growth spurts occurring later than in 
healthy peers [12]. 

Delayed skeletal maturation is also noted in 
children with SCD, which exacerbates 
developmental delays [14]. On the other hand, 
hydroxyurea, a key drug in SCD management, has 
been shown to improve life quality by reducing 
vaso-occlusive episodes, though its impact on 
growth has yielded mixed results. Some studies 
have found no adverse effects on growth [13], 
while others suggest it might slow skeletal 
maturation and pubertal development [15]. 

Methods 

This study was conducted in the hematology clinic 
of a pediatric hospital in Vadodara, Gujarat, 
monitoring 50 children with SCD over a one-year 
period. Children aged 5-18 years, all on 
hydroxyurea therapy, were included, while those 
with other chronic illnesses or who were below 5 
years were excluded (5). Growth parameters such 
as weight, height, and body mass index (BMI) were 

measured during each visit. Hydroxyurea dosages 
were adjusted according to clinical and 
hematological responses [5]. 

Standard anthropometric techniques were used, and 
BMI was calculated as weight in kilograms divided 
by height in meters squared (kg/m²). Data was 
collected at baseline and every three months during 
follow-up. The results were analyzed using chi-
square tests to determine significance in growth 
changes [5]. 

Results 

Anthropometric Measurements 

The average age of the study population was 10.7 
years, with 36 males and 14 females. At baseline, 
the average weight-for-age (WFA) was 26.38 kg, 
which increased to 28.98 kg by the fifth follow-up 
visit (5). The average height-for-age (HFA) showed 
a gradual improvement from 130.91 cm at the first 
visit to 137.25 cm by the end of the study period, 
with males showing a mean height gain of 6.66 cm 
and females 5.51 cm (5). 

Despite these gains, most participants remained 
underweight, with their BMI falling between the 
5th and 25th percentiles. Initially, 22% of males 
and 14% of females were classified as underweight, 
but by the end of the study, only 5.6% of males and 
none of the females remained underweight (5). The 
underweight status significantly improved over 
time, suggesting that while hydroxyurea may not 
directly influence rapid weight gain, 
comprehensive care and regular follow-ups helped 
mitigate some of the nutritional deficiencies (5). 

 

 
Graph 1: Comparative Weight Growth (SCD vs Normal Children) 

 
Comparative Weight Growth (SCD vs Normal Children): Children with SCD show a slower weight gain 
compared to normal children over the 12-month period. While the normal children experience a consistent 
increase in weight, children with SCD demonstrate a more modest growth, reflecting the nutritional challenges 
and higher energy demands associated with the disease. 
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Graph 2: Comparative Height Growth (SCD vs Normal Children) 

 
Comparative Height Growth (SCD vs Normal Children): The height growth in children with SCD is 
significantly slower compared to normal children. Normal children exhibit a steady increase in height over time, 
while the SCD group shows delayed growth. This highlights the impact of SCD on skeletal development and 
overall growth. 
 

 
Graph 3: Comparative BMI Growth (SCD vs Normal Children) 

 
Comparative BMI Growth (SCD vs Normal 
Children):The BMI of normal children consistently 
trends upwards, while children with SCD maintain 
lower BMI values throughout the study. This 
indicates that despite modest weight gains, SCD 
children remain underweight relative to their 
height, emphasizing the nutritional deficits and 
growth challenges caused by the disease. 
Sexual Maturity 

Delayed sexual maturation was another key 
finding, particularly in males. At the initial visit, 20 
males and nine females were classified as having 
normal sexual maturity rating (SMR), with two 
males and two females showing delayed SMR (5). 

By the end of the study, one male and one female 
still exhibited delayed sexual maturation, indicating 
that while some children showed improvement in 
SMR, others continued to experience delays (5). 

Impact of Hydroxyurea 

Hydroxyurea doses ranged from 20.01 mg/kg/day 
to 21.83 mg/kg/day across the study period. 
Hemoglobin levels showed minor but significant 
improvements, particularly in females, with no 
significant adverse effects on growth. The increase 
in weight and height, though modest, was 
consistent over time, suggesting that hydroxyurea 
did not impede growth (16). The regular 
monitoring of growth indicators and dose 
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adjustments based on clinical parameters played a 
role in managing the disease's impact on growth 
and development (4, 5). 

Discussion 

Growth Challenges in SCD 

The findings of this study are consistent with 
previous research indicating that children with SCD 
face significant growth delays compared to their 
healthy peers. Children with SCD generally 
demonstrate slower prepubertal growth and delayed 
pubertal onset, as shown in the works of Stevens et 
al. (1986) and Platt et al. (1984) [11, 12]. The 
increase in energy requirements, recurrent 
infections, and chronic anemia collectively 
contribute to stunted growth [1, 3, 7]. 

Children in this study, despite showing minor 
improvements in anthropometric measurements, 
remained significantly below the average growth 
standards for their age group. The BMI data further 
supports the idea that children with SCD are prone 
to undernutrition, which is likely exacerbated by 
frequent hospitalizations and acute SCD crises (9). 
These findings highlight the need for early 
nutritional interventions alongside regular growth 
monitoring to ensure comprehensive care for 
children with SCD [7, 16]. 

Role of Hydroxyurea 

Hydroxyurea therapy has shown promise in 
reducing the frequency of painful vaso-occlusive 
episodes, but its impact on growth remains 
inconclusive. This study found that while 
hydroxyurea did not seem to impair growth, it also 
did not significantly promote rapid growth or 
weight gain [15]. These results align with studies 
by Powers et al. (1978) and Serjeant et al. (1973), 
which reported mixed outcomes regarding the 
effects of hydroxyurea on growth and development 
[13, 14]. 

The slight increase in weight and height seen in this 
study may be attributable to the stabilization of 
hemoglobin levels and the reduction in disease 
severity due to hydroxyurea therapy [17]. However, 
these gains were modest, and growth remained 
suboptimal compared to healthy peers . This 
underscores the importance of early identification 
of growth failure, particularly in prepubertal 
children, to provide targeted interventions that may 
enhance growth outcomes [4]. 

Sexual Maturity Delays 

Delayed puberty and slow sexual maturation are 
common among children with SCD, as 
demonstrated in this study and corroborated by 
previous research [11, 15]. The delay in SMR can 
be attributed to the chronic effects of anemia and 
the metabolic demands of managing SCD [10]. 
While some children in this study showed 

improvement in their SMR over the year-long 
follow-up, the persistence of delayed maturation in 
a subset of participants suggests that hydroxyurea 
may not fully mitigate this aspect of growth 
impairment [15]. Additional interventions, such as 
hormonal assessments and supplementation, may 
be necessary to address delayed sexual maturation 
in these children [16, 17]. 

Conclusion 

Children with Sickle Cell Disease (SCD) are at a 
heightened risk of growth delays and 
developmental challenges, despite the therapeutic 
advancements offered by hydroxyurea. This study 
found that while hydroxyurea did not significantly 
impair growth, it also did not fully address the 
underlying causes of stunted growth and delayed 
sexual maturation. Comprehensive care strategies, 
including nutritional support and regular 
monitoring of growth parameters, are essential to 
improving growth outcomes in children with SCD. 
Future research should focus on the long-term 
impact of hydroxyurea on growth, as well as 
explore additional interventions to mitigate the 
developmental challenges faced by these children. 

References 

1. Yanni E, Grosse S, Yang Q, Olney RS. Trends 
in Pediatric Sickle Cell Disease Related Mor-
tality in the US, 1938-2002. J Pediatr. 2009;15 
4(4):541-5. 

2. Hickman M, Modell B, Greengross P, et al. 
Mapping the prevalence of sickle cell and b 
thalassaemia in England: recommended rates 
for local service planning. Br J Haematol. 1999 
;104(4):860-867. 

3. The Georgia Comprehensive Sickle Cell Cen-
tre at Grady Health System, The Sickle Cell 
Foundation of Georgia, Inc. Emory University 
School of Medicine. Sickle Cell information 
centre. [Internet]. Available from: http://www. 
scinfo.org/sicklept.htm 

4. Shapiro BS. The management of pain in sickle 
cell disease. Pediatr Clin North Am. 1989;36 
(4):1029-1045. 

5. Agarwal MB. The Burden of Haemoglobinop-
athies in India-Time to Wake Up? J Assoc 
Physicians India. 2005;53:1017-1018. 

6. Lehman H, Cutbush M. Sickle cell trait in 
southern India. Br Med J. 1952;1:404-405. 

7. Mohanty D, Mukherjee M. Sickle cell disease 
in India. Curr Opin Hematol. 2002;9:117-22. 

8. Gorakshakar AC. Epidemiology of Sickle 
Haemoglobin in India. Proc Natl Symp Tribal 
Health. 2002:103-108. 

9. Kar BC. Sickle cell disease in India. J Assoc 
Physicians India. 1991;39:954-60. 

10. Mukherjee MB, Lu CY, Ducrocq R, et al. α-
thalassemia on sickle cell anemia linked to the 



 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

Doshi et al.                                                                               International Journal of Pharmaceutical and Clinical Research 

66 

Arab-Indian haplotype in India. Am J Hema-
tol. 1997;55:104-9. 

11. Stevens MCG, Maude GH, Cupidore L, et al. 
Prepubertal growth and skeletal maturation in 
children with sickle cell disease. Pediatrics. 
1986;78:124-32. 

12. Platt OS, Rosenstock W, Espeland MA. Influ-
ence of sickle hemoglobinopathies on growth 
and development. N Engl J Med. 1984;311:7-
12. 

13. Powers D, Wilson B, Imbus C, et al. The natu-
ral history of stroke in sickle cell disease. Am J 
Med. 1978;65(3):461-471. 

14. Serjeant GR, Ashcroft MT. Delayed skeletal 
maturation in sickle cell anemia in Jamaica. 
Johns Hopkins Med J. 1973;132:95-102. 

15. Olambiwonnu NO, Penny R, Frasier SD. Sex-
ual maturation in subjects with sickle cell 
anemia: studies of serum gonadotropin concen-
tration, height, weight, and skeletal age. J Pe-
diatr. 1975;87:459-64. 

16. Serjeant BE, Forbes M, Williams LL, et al. 
Screening cord bloods for detection of sickle 
cell disease in Jamaica. Clin Chem. 1974;20: 
666-9. 

17. Luban NLC, Leikin SL, August GA. Growth 
and development in sickle cell anemia. Am J 
Pediatr Hematol Oncol. 1982;4:61-5. 

 


