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Abstract: 
Sickle cell anemia (SCA) remains a major global health concern owing to its significant morbidity and 

mortality rates worldwide [1]. Recent progress in diagnostic technologies and therapeutic methods has 

substantially advanced the management of this hereditary hemoglobin disorder. This review summarizes 

current developments in SCA diagnostics, including genetic testing, hemoglobin electrophoresis, and advanced 

imaging modalities, emphasizing their precision and clinical relevance [2,3]. Emerging therapeutic strategies 

such as gene-editing approaches, fetal hemoglobin induction, and targeted molecular treatments are also 

examined for their ability to reduce complications and enhance patient outcomes [4–6]. Additionally, the paper 

highlights the importance of integrated care models and discusses future directions in early detection, 

personalized therapy, and ongoing research efforts [7]. A thorough understanding of these advancements is 

essential for improving clinical management and prognosis for individuals affected by sickle cell anemia. 
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INTRODUCTION: 
The coexistence of diabetes mellitus and sickle cell 

anemia presents a uniquely challenging clinical 

scenario, merging two complex disorders that each 

demand careful, continuous management. Diabetes 

involves chronic disturbances in glucose 

regulation, whereas sickle cell anemia is an 

inherited hemoglobinopathy characterized by the 
production of abnormal hemoglobin that drives red 

blood cell deformation, vaso-occlusive episodes, 

and progressive organ injury. When these two 

conditions overlap, they create a distinct clinical 

spectrum often referred to as sickle cell trait-

related diabetes (SCTD), which introduces 

additional diagnostic and therapeutic difficulties. 

 

Globally, diabetes continues to rise at an 

alarming rate and significantly strains healthcare 

systems due to its numerous systemic 

complications. At the same time, sickle cell anemia 

remains a major public health concern, especially 

in regions with historically high malaria 

prevalence. Understanding the separate 

epidemiology of these diseases is essential for 

appreciating the broader impact of their 
coexistence. Notably, individuals with sickle cell 

trait (SCT) have been shown to carry an elevated 

risk of certain comorbidities such as hypertension 

and kidney disease. Emerging research also 

suggests that SCT may predispose individuals to 

diabetes, prompting renewed interest in the 

underlying biological connections. The interaction 

between hemoglobin S and abnormal glucose 

metabolism creates a complex xpathophysiological 

environment. The presence of sickle hemoglobin 

alters red blood cell flexibility, tissue oxygenation, 

and vascular reactivity—factors that may intersect 

with mechanisms that regulate insulin sensitivity 

and glucose control. These relationships highlight 

the need for an in-depth exploration of the 

molecular and cellular processes that drive SCTD. 

 
Diagnosing diabetes in individuals with sickle cell 

anemia is particularly challenging. Variations in 

hemoglobin structure and lifespan can interfere 

with the accuracy of standard diagnostic tools such 

as HbA1c, making glycemic monitoring more 

complicated. This necessitates the use of tailored 

diagnostic and monitoring strategies that account 

for the altered physiology seen in SCTD. 

 

 

 

 

 

 

 

 

 

 

The diversity among patients with SCTD 

underscores the importance of individualized care. 

Advances in genetic profiling offer opportunities to 

predict risks, anticipate complications, and design 

patient-specific treatment plans. Such precision-

based approaches hold promise for improving 

outcomes in individuals who live with both 

diabetes and sickle cell anemia. 
 

Each condition independently increases the risk of 

complications involving the cardiovascular 

system, kidneys, and eyes. When they occur 

together, these risks may be amplified, making it 

critical to Hydroxyurea possesses many features 

that make it a valuable therapeutic option for 

individuals with sickle cell anemia (SCA), offering 

benefits through several complementary biological 

actions. Over the past few decades, extensive 

clinical experience has confirmed both its safety 

and effectiveness. Initial proof-of-concept 

investigations were followed by phase 1 and 2 

clinical trials in adults, and later in adolescents, 

children, and even infants. The pivotal phase 3 

multicenter trial funded by the National Heart, 

Lung, and Blood Institute clearly demonstrated that 
hydroxyurea significantly reduces acute vaso-

occlusive episodes in adults with severe disease. 

With this growing body of evidence, hydroxyurea 

is now recognized as an important treatment for 

children and adolescents experiencing recurrent 

painful crises, with more recent data showing long-

term protection and even reversal of certain 

chronic complications. 

 

Despite its proven benefits, hydroxyurea remains 

underutilized in real-world clinical practice. Many 

healthcare providers are insufficiently familiar 

with the drug, leading to missed opportunities to 

offer it to eligible patients. Families may also be 

hesitant due to misconceptions or exaggerated 

concerns regarding side effects. In addition, 

inconsistent healthcare infrastructure and limited 
advocacy support contribute to its low uptake. 

Although some questions remain about its long-

term effects, current evidence indicates that many 

young patients with SCA could greatly benefit 

from hydroxyurea therapy 
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Fig . No. 1 sickle cell anemia 
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RESEARCH GAPS 

1. Gaps in Prevention 

Limited Newborn Screening Programs 
Although newborn screening is effective, many 

low- and middle-income countries still lack 

universal screening programs. Studies highlight 

inadequate coverage but do not fully explore cost-

effective models for universal screening in 
resource-poor settings. 

Insufficient Awareness and Genetic Counseling 
There is a major gap in evaluating the impact of 

community-based genetic education, especially in 

rural populations. Few studies assess long-term 

outcomes of premarital or antenatal counseling 

programs. 
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Lack of Preventive Policy Implementation 

Research 
Existing literature focuses on prevention strategies 

but rarely analyzes policy barriers, funding 

challenges, and feasibility of integrating SCD 

testing into national health systems. 

2. Gaps in Diagnosis 

Limited Use of Point-of-Care Diagnostics 

 
While several rapid tests are validated, there is 

limited research on scalability, accuracy in field 
conditions, and their integration into routine 

primary care. 

Genotype–Phenotype Correlation Unclear 
There is insufficient evidence linking specific 

genetic markers to disease severity. More studies 

are needed on molecular modifiers (e.g., HbF 

levels, α-thalassemia) in diverse populations such 

as India. 

Lack of Early Screening in High-Risk Adults 
Most programs focus on newborns; minimal 

research exists on adult carrier detection, 

especially in underserved tribal communities. 

3. Gaps in Treatment 

Under-utilization of Hydroxyurea 
Even though hydroxyurea is effective, its real-

world usage remains low. There is a gap in 

understanding: long-term safety in specific 

populations, 

barriers to its acceptance,dosage optimization for 

children vs adults. 

 
Limited Access to Advanced Therapies 
Biologic agents like crizanlizumab and voxelotor 

show promise, but evidence is limited about: 

effectiveness in non-Western populations, cost-

effectiveness in low-resource settings, long-term 

side effects. 

Stem Cell Transplantation Not Widely 

Applicable 

 
HSCT is curative, but very few studies address: 

donor scarcity tsolutions, reduced-toxicity 

conditioning regimens, psychosocial outcomes 

post-transplant. 

 

MECHANISM OF ACTION OF 

HYDROXYUREA 
Although hydroxyurea’s positive laboratory and 
clinical effects in SCA are well-documented, the 

precise molecular pathways through which it 

increases fetal hemoglobin (HbF) are not fully 

clarified. Research suggests that several 

mechanisms work together to produce both HbF 

elevation and a range of additional therapeutic 

benefits. 

 

A central mechanism involves the inhibition of 

ribonucleotide reductase (RR), an enzyme 

responsible for producing deoxynucleotides 

required for DNA synthesis. Hydroxyurea blocks 

the M2 subunit of RR, reducing the supply of 
deoxynucleotide triphosphates and slowing DNA 

replication, particularly during the S phase of the 

cell cycle. Because hydroxyurea is rapidly 

absorbed and cleared, its effect on RR is 

temporary, but daily dosing leads to intermittent 

suppression of erythroid precursors. This 

controlled cellular stress alters erythropoiesis and 

favors the production of red blood cells with 

increased HbF. 

 

Hydroxyurea’s therapeutic impact extends far 

beyond HbF induction. By reducing bone marrow 

production of neutrophils, reticulocytes, and 

platelets cells that contribute to inflammation and 

vaso-occlusion it decreases several key drivers of 

SCA-related complications. Elevated white blood 

cell counts have been linked to worse outcomes in 
SCA, so lowering them can be beneficial by itself. 

Both neutrophils and reticulocytes express 

adhesion molecules that promote vascular 

blockage; hydroxyurea reduces their numbers and 

diminishes their adhesive properties. 

 

The drug also improves the quality of circulating 

red blood cells. As dosing increases toward a 

patient’s maximum tolerated dose (MTD), red cells 

become larger (macrocytosis), better hydrated, less 

prone to hemolysis, and less likely to form sickled 

shapes. These changes result in improved blood 

flow, higher hemoglobin levels, and reduced 

markers of hemolysis such as LDH and bilirubin. 

Concerns about increased viscosity due to higher 

hemoglobin concentrations have not been 

supported clinically, likely because the overall 
improvements in cell deformability and reduced 

adhesion offset any potential thickening of the 

blood. 

 

Another important feature of hydroxyurea is its 

ability to release nitric oxide (NO), possibly 

through still-uncertain metabolic pathways. NO 

promotes vasodilation and enhances endothelial 

function, potentially counteracting the NO 

depletion associated with chronic hemolysis in 

SCA. 
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COMPLICATIONS 
In sickle cell disease, acute complications can include ischemic events, vaso-occlusive pain crises, acute chest 

syndrome, stroke, splenic sequestration, acute kidney injury, and 

 

Fig.No.2 Complications Of sickle cell Anemia 
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gallbladder inflammation Long-term complications 

may involve persistent pain, gallstone formation, 

progressive kidney impairment, systemic or 

pulmonary hypertension, eye damage due to 

retinopathy, chronic leg ulcers, and avascular 

necrosis affecting the femoral or humeral 

heads.Individuals with SCD are also more 

vulnerable to serious infections andsepsis [58]. 

 

LABORATORY DIAGNOSIS 

A. Conventional Diagnostic Methods 

1. Screening Tests 

Sickling and Solubility Tests: 
Sickling-based screening relies on the fact that 
hemoglobin S (HbS) polymerizes when oxygen 

levels are low. The solubility test is the method 

used most commonly today. In this assay, a 

concentrated phosphate buffer, a hemolytic agent, 

and sodium dithionite are added to the blood 

specimen. These reagents promote the 

crystallization of HbS, making it insoluble. The 

precipitated hemoglobin causes the solution to 

appear cloudy, and the result is interpreted by 

comparing it with positive and negative controls. 

 

Paper-Based Solubility Method: 
Another screening technique uses chromatography 

paper. A drop of blood is mixed with a solubility 

reagent (1:10 ratio), placed on the paper, and 

stained. The pattern of the stain varies depending 

on the type of hemoglobin present, enabling 

identification of HbSS, HbAS, or HbAA 
individuals. Reported sensitivity is about 94.2%, 

with specificity around 97.7% for visual detection 

of HbS. In individuals with HbSS, the test typically 

shows a reddish deposit and a clear filtrate. 

2. Full Blood Count (FBC) 
The FBC is often the first investigation used when 

evaluating anemia. Because sickle cell disease 

alters hemoglobin structure, affected patients 

usually show changes in routine hematological 

indices. Common findings include: 

 Anemia 

 Increased neutrophil count 

 Elevated platelet count 

 High mean corpuscular volume (MCV) 

 Raised red cell distribution width (RDW) 

3. Peripheral Blood Film (PBF) 
A peripheral blood smear is performed when 

automated cell counts show abnormalities. It 

remains a key step in hematologic assessment 

because it allows direct visualization of red and 

white blood cell morphology. With increasing 
complexity in identifying subtle abnormalities, 

computerized systems have been introduced to aid 

interpretation. In sickle cell anemia, typical smear 

characteristics include: 

 Normocytic, normochromic red cells 

 Irreversibly sickled cells 

 Nucleated red cells 

 Target cells 

 Neutrophilia 

 Thrombocytosis 

 

4. Hemoglobin Electrophoresis 
Electrophoresis, a form of chromatographic 

separation, is an essential method for identifying 

hemoglobin variants. Charged hemoglobin 
molecules migrate differently in an electric field 

depending on pH and the medium. Cellulose 

acetate (alkaline pH) and citrate agar (acid pH) are 

commonly used. This method was historically used 

to characterize HbS as early as 1949. 

B. Advanced Diagnostic Methods 

1. Prenatal Diagnostic Testing Amniocentesis: 
Amniocentesis is performed mainly between 15–

20 weeks of pregnancy to detect genetic or 

chromosomal disorders such as sickle cell disease, 

thalassemia, or Down syndrome. Under ultrasound 

guidance, a fine needle is inserted through the 

abdomen to withdraw amniotic fluid, which 

contains fetal cells. The entire procedure lasts 

around 10 minutes, though the clinic visit may take 

about half an hour. Analysis of fetal DNA reveals 

whether the fetus carries sickle cell mutations. 

 

Chorionic Villus Sampling (CVS): 
CVS can be carried out earlier, usually from 10–14 

weeks of pregnancy. A small piece of chorionic 

villi—tissue that shares the same genetic makeup 

as the fetus—is collected either through the 
abdominal wall or via the cervix. Ultrasound 

guidance ensures accuracy. The sample is 

examined immediately to confirm adequacy, and 

fetal DNA is then analyzed for hemoglobin gene 

mutations. CVS offers earlier diagnosis but may 

carry a small risk of miscarriage depending on the 

sampling route. 

2. High-Performance Liquid Chromatography 

(HPLC) 
HPLC separates hemoglobin fractions according to 

their interaction with the stationary phase. Each 

hemoglobin variant elutes at a characteristic 

retention time, producing a distinct peak. The 

system can quantify HbF, HbA2, HbS, HbC, 

HbBarts, and several other variants. HPLC is more 

sensitive than electrophoresis and is highly suitable 

for routine monitoring, especially in patients 

receiving transfusions or hydroxyurea therapy. 

Despite its advantages, HPLC is costly and cannot 

differentiate variants that share similar retention 
times, which may lead to misidentification. For 

this reason, it should be paired with confirmatory 

methods such as DNA analysis. 

3. Genetic Analysis 
Genetic testing precisely identifies mutations in the 
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β-globin gene associated with sickle cell disease. 

A). PCR-Based Techniques: 

PCR uses specific primers and thermostable 

enzymes to amplify DNA sequences, allowing 

detection of single-gene mutations in a short time. 

Variants can be identified through gel 

electrophoresis, sequencing, fluorescence, or 

melting curve analysis. High-resolution melting 
(HRM) is a sensitive, low-cost option for large-

scale screening. Other methods, such as 

bidirectional allele-specific amplification, enable 

accurate genotyping of homozygous and 

heterozygous states by producing different band 

patterns on agarose gels. 

b. Restriction Fragment Length Polymorphism 

(RFLP): 
RFLP identifies mutations based on the action of 

restriction enzymes. The classic example in sickle 

cell diagnosis is the loss of the MstII recognition 

site caused by the HbS mutation. In individuals 

with normal βAβA, the enzyme cuts the DNA, 

producing two bands. In heterozygous carriers 

(βAβS), the βA allele is cut while the βS allele is 

not, resulting in three bands. In homozygous 

sickle cell patients (βSβS), the mutation 
prevents enzyme cutting, producing a single large 

band. Another enzyme, DdeI, is also used, as the 

sickle mutation removes its recognition site and 

leads to distinct fragment patterns. 

4. Lateral Flow Immunoassay 
Lateral flow assays provide rapid, point-of-care 

detection. One example is the Sickle SCAN test, 

which uses polyclonal antibodies specific for HbA, 

HbS, and HbC. Blood applied to the strip migrates 

through an absorbent pad; hemoglobin binds to 

antibody-linked nanoparticles and forms visible 

lines on the test strip. Four lines may appear: a 

control line plus separate detection lines for HbA, 

HbS, and HbC. Results are available within 

minutes and the test costs only a few dollars. 

Validation studies using venous, dried, and spiked 

samples have demonstrated high sensitivity and 

specificity for HbSS, 98.4% and 98.6%, 

respectively, and 100% accuracy for HbSC 

disease. The test remains reliable even in newborns 

with high HbF levels. Limitations include the 
possibility of visual misinterpretation, cross-

reactivity, and occasional false positives in HbAS 

individuals. Additional field validation has been 

recommended for primary healthcare settings. 

 

MANAGEMENT AND TREATMENT 

1. Pain Management 
• Acute vaso-occlusive crisis 

Management begins with aggressive hydration and 

adequate analgesia. Patients are typically admitted 

for intravenous fluids, such as normal saline or 5% 

dextrose in saline, to correct dehydration and 

compensate for ongoing fluid losses from fever or 

insensible losses. Hydration must be sufficient to 

restore fluid balance and prevent further sickling. 

• Chronic pain management 
Long-acting oral opioids, such as sustained-release 

morphine, along with acetaminophen and NSAIDs, 

are commonly used. NSAIDs, in particular, are 

effective for deep musculoskeletal pain. Patients 

may also require short-acting opioids for 

breakthrough pain; weaker agents like codeine or 
hydrocodone are used initially, with stronger 

opioids reserved for more severe pain. Tricyclic 

antidepressants may enhance pain control by 

modulating pain perception and improving 

coexisting depression, which often exacerbates 

chronic pain. 

• Non-pharmacologic approaches 
Complementary methods can significantly improve 

comfort. These include physical therapy, 

application of heat or cold, acupuncture and 

acupressure, hypnosis, and transcutaneous 

electrical nerve stimulation (TENS). Studies have 

shown that these techniques can substantially 

reduce pain. 

2. Blood Transfusions 
Red blood cell transfusions are used both 

therapeutically and preventively in sickle cell 

disease. By increasing the number of healthy red 

blood cells, transfusions help decrease 

complications such as stroke and severe anemia. 
Children with abnormal transcranial Doppler 

(TCD) ultrasound findings often receive regular 

transfusions to reduce their first-stroke risk. 

Transfusions are also used when hydroxyurea is 

ineffective or not tolerated. 

However, transfusions carry risks, including 

alloimmunization, infections, and iron overload. 

Persistent iron accumulation can damage major 

organs such as the heart and liver, requiring iron-

removal therapy. 

3. Drug Therapy 
Hydroxyurea received FDA approval for adults in 

1998 and was later approved for children under 

two years old in 2017 due to its ability to reduce 

pain crises and transfusion needs. More recently, 

three additional medications—L-glutamine, 

crizanlizumab, and voxelotor— have expanded 

treatment options by addressing different 

mechanisms of the disease. Other emerging 

therapies aim to increase fetal hemoglobin levels, 

reduce sickling or cell adhesion, or alter red blood 
cell metabolism. 

• L-glutamine 
This amino acid supports the production of cellular 

antioxidants such as glutathione and NAD. By 

reducing oxidative stress on red blood cells, it 

helps lower the frequency of pain episodes, 

although its exact mechanism in sickle cell disease 

is not fully understood. Common   side   

effects   include   gastrointestinal   

discomfort   and   headaches 

• Crizanlizumab 
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Inflammation-induced expression of P-selectin 

promotes the binding of neutrophils, platelets, and 

sickled cells to the vessel wall, leading to vaso-

occlusion. Crizanlizumab is a monoclonal antibody 

that inhibits P-selectin, thereby reducing these 

interactions. Given monthly by intravenous 

infusion, it decreases pain crises in adults and 

adolescents aged 16 and older. Reported adverse 
effects include headaches, back pain, nausea, 

joint pain, and limb pain  

.• Voxelotor 

Sickling begins with polymerization of 

deoxygenated HbS. Voxelotor is an allosteric 

modulator of hemoglobin that increases its affinity 

for oxygen, reducing polymerization and 

hemolysis. It is administered orally to adults and 

children aged 12 and older. Benefits include 

improved anemia and better blood flow. Potential 

side effects include headaches, gastrointestinal 

symptoms, joint pain, fatigue, and skin rash. 

4. Stem Cell Transplant 
Stem cell or bone marrow transplantation remains 

the only established cure for sickle cell anemia, but 

it is limited by the need for a suitable donor and 

the patient’s age and overall health. The procedure 

typically relies on an HLA-matched sibling donor. 

Although curative, it carries significant risks such 

as severe infections, seizures, organ damage, and 
graft-versus- host disease. Mortality rates are low 

but present, with about 5% of patients experiencing 

fatal complications. 

5. Gene Therapy 
Gene therapy aims to correct or compensate for the 

defective hemoglobin gene. Thiscollecting the 

patient’s own stem cells, modifying them in the 

laboratory, and reinfusing them. Approaches 

include repairing the sickle mutation itself or 

activating alternative hemoglobin production (such 

as fetal hemoglobin) to prevent sickling. This 

treatment offers a potential cure even for patients 

without a suitable donor. 

 

MANAGEMENT OF STEADY STATE 

 Folic acid supplementation 

 Prevention of infection improves chances of 

survival in SCA 

 Penicillin prophylaxis, commencing in infancy 

and continued until age 5 years 

 The use of a pneumococcal vaccine at age 2 

years with a booster dose at age 5 years 

greatly reduces the frequency of infections 

with S pneumoniae 

 In the adult patient, all infections must be 

treated promptly with broad-spectrum 

antibiotics until a causative organism is 

identified and therapy is tailored according to 

its antibiotic sensitivity 

 

MANAGEMENT OF COMPLICATIONS 
Generally involves; specialist care and co 

management Special tests; TCD, ECHO, serum 
ferritin and iron monitoring Exchange blood 

transfusion Use of hydroxyurea Use of 

erythropoietin Dialysis PREVENTION 

 Early diagnosis and treatment; prevents 

complications 

 Prompt treatment of acute presentations; 

prevents complications 

 Rehabilitation of those who have developed 

life changing events 

 Premarital screening, targeted at secondary 

school students 

 Prenatal diagnosis 

 

 

Fig. No. 3 prevention of sickle cell anemia 
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FUTURE PERSPECTIVES 
Gene editing has emerged as a promising 

therapeutic direction for sickle cell anemia, with 

researchers aiming to boost fetal hemoglobin 

(HbF) levels. This strategy is being explored in 

parallel with hematopoietic stem cell 

transplantation (HSCT), and several gene-editing 

methods are currently progressing through clinical 
trials.One approach uses lentiviral vectors to 

introduce modified beta- or gamma-globin genes 

into a patient’s cells. The goal is to decrease the 

proportion of sickle hemoglobin (HbS) while 

increasing either normal adult hemoglobin (HbA) 

or fetal hemoglobin (HbF). Another major 

technique involves CRISPR gene editing, which 

focuses on suppressing the BCL11A gene an 

important regulator that normally limits gamma-

globin production. By editing the erythroid-

specific enhancer region of BCL11A on 

chromosome 2, its activity is reduced. This allows 

for greater gamma-globin expression and 

ultimately leads to higher HbF levels, which can 

help counteract the effects of HbS. 

 

CONCLUSION: 
Understanding the latest progress in diagnosing 

and treating sickle cell anemia plays an essential 

role in improving the quality of life for individuals 

affected by this inherited blood disorder. Staying 

informed empowers patients, their families, and 

healthcare providers to make thoughtful decisions, 

explore new and innovative therapies, and 

advocate for stronger support systems. With 

ongoing research and promising breakthroughs on 

the horizon, there is genuine hope for even better 

outcomes in the years ahead. By remaining 

engaged and proactive, we can help create a future 

in which people living with sickle cell anemia not 

only manage their condition more effectively but 

also enjoy greater strength, energy, and overall 

well-being. 
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