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ABSTRACT 

Sickle Cell Disease (SCD) is a genetic blood disorder characterized by severe pain, anemia, 

and a range of other complications. Recent research has identified potential gender 

differences in disease manifestation, severity, and management.This review aims to 

investigate the gender-based differences in Sickle Cell Disease outcomes, including 

variations in disease severity, pain management, and healthcare access.A comprehensive 

literature review was conducted, analyzing peer-reviewed studies, clinical trials, and health 

reports on gender differences in SCD. The review focused on clinical manifestations, pain 

management strategies, and healthcare access issues, synthesizing findings to highlight 

disparities between male and female patients.The review found significant gender 

differences in Sickle Cell Disease outcomes. Women with SCD often experience different 

pain patterns and may report more severe pain, yet their pain is sometimes underestimated. 

Men, on the other hand, may face earlier onset and higher severity of complications such as 

stroke and acute chest syndrome. Gender disparities in healthcare access and utilization 

were also observed, with women facing additional barriers. These differences suggest a 

need for gender-specific approaches in treatment and care.Gender differences in Sickle 

Cell Disease affect disease severity, pain management, and healthcare access, 

underscoring the need for tailored treatment strategies. Personalized approaches that 

consider gender-specific factors can improve patient outcomes and ensure more equitable 

care. 

 

Keywords: Sickle Cell Disease, Gender-Based Disparities, Patient Outcomes, Clinical Presentation, Anemia 

 

 

 

 

 

 

 

 

 

 

 

 

https://doi.org/10.46344/JBINO.2025.v14i04.11
mailto:emmanuelobeagu@yahoo.com


 

                        2025, July  Edition |www.jbino.com | Innovative Association Publication  

J.Bio.Innov14(4),pp:801-826,2025|ISSN2277-8330 (Electronic)                                                             Obeagu 

, 
 

 

 

Introduction 

SCD is a genetic disorder caused by a 

mutation in the β-globin gene, resulting in 

the production of abnormal hemoglobin 

known as hemoglobin S.1 This genetic 

defect causes red blood cells to adopt a 

characteristic sickle shape under low-

oxygen conditions, which leads to chronic 

pain, anemia, and various serious health 

complications. Despite significant progress 

in the management and treatment of SCD, 

including the development of new 

therapies and advancements in 

understanding the disease’s 

pathophysiology, there remains a 

substantial gap in addressing gender-

based disparities in patient outcomes.2-4 

Historically, research into SCD has often 

focused on the disease’s biological 

mechanisms and treatment efficacy 

without fully considering how gender 

differences may influence disease 

progression and management.5 However, 

emerging evidence suggests that males 

and females experience the disease in 

distinct ways, from the frequency and 

severity of vaso-occlusive crises to 

variations in treatment responses and 

overall health outcomes.6One of the most 

significant aspects of SCD is the 

occurrence of vaso-occlusive crises, which 

are painful episodes resulting from the 

obstruction of blood flow in small blood 

vessels.7 Research has shown that there 

may be gender differences in the 

frequency and severity of these crises.8 For 

example, some studies suggest that 

females may experience more frequent 

and intense pain episodes compared to 

their male counterparts. These differences 

might be related to hormonal fluctuations, 

which can exacerbate symptoms or trigger 

pain episodes. Examining these disparities 

can provide insight into the biological and 

physiological factors that influence the 

clinical presentation of SCD.In addition to 

differences in crisis frequency, the 

management of SCD often involves 

medications such as hydroxyurea, which 

aims to reduce pain crises and improve 

patient outcomes. However, there is 

evidence to suggest that males and 

females may respond differently to 

hydroxyurea treatment. For instance, some 

studies have reported that females might 

experience different side effects or varying 

levels of efficacy compared to males.9 

These differences in treatment response 

highlight the need for gender-specific 

treatment protocols and underscore the 

importance of exploring how gender 

influences medication effectiveness and 

patient adherence. 

Gender disparities also extend to the 

quality of life for individuals with SCD. 

Quality of life is a multifaceted concept 

encompassing physical, emotional, and 

social well-being. Research indicates that 

females with SCD may report lower quality 

of life scores compared to males. This 

disparity can be attributed to various 

psychosocial factors, including the impact 

of chronic pain on daily life, differences in 

coping strategies, and the availability of 

social support. By understanding these 

factors, healthcare providers can develop 
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strategies to address the unique 

challenges faced by female patients.10-11 

Furthermore, gender-based disparities in 

SCD management may also be influenced 

by socio-economic factors and access to 

healthcare.12 Women with SCD might face 

more barriers to accessing appropriate 

medical care due to economic 

challenges, differences in health insurance 

coverage, or systemic gender biases in 

healthcare settings. These socio-economic 

and systemic issues can affect the quality 

of care received and contribute to 

unequal health outcomes between 

genders.Another important aspect to 

consider is the role of hormonal changes 

throughout a patient’s life, including during 

menstruation, pregnancy, and 

menopause. Hormonal fluctuations can 

significantly impact the severity of SCD 

symptoms and the effectiveness of 

treatments.13 For example, the menstrual 

cycle and pregnancy can influence pain 

management and the risk of 

complications, which may differ between 

genders. Research into these hormonal 

influences can help tailor treatments to 

better meet the needs of female 

patients.The need for gender-sensitive 

research and interventions in SCD is 

becoming increasingly apparent.14 To 

address these disparities, future research 

must not only document differences in 

outcomes but also investigate their 

underlying causes. This includes exploring 

how hormonal changes affect disease 

progression, developing gender-specific 

treatment guidelines, and addressing 

socio-economic barriers to care. Such 

research will be crucial for creating 

equitable treatment strategies and 

improving outcomes for all SCD patients. 

Aim 

The aim of this review is to provide a 

comprehensive overview of the gender-

based disparities in patient outcomes 

related to SCD and to outline future 

research priorities and directions for 

advancing the management and 

understanding of the disease. 

Rationale 

The rationale for this review stems from the 

recognition that SCD presents unique 

challenges for patients, which can be 

significantly influenced by gender. Despite 

advances in treatment and understanding 

of SCD, gender-based differences in 

disease outcomes, treatment responses, 

and psychosocial factors remain 

underexplored and under-addressed. This 

review seeks to fill this gap by highlighting 

these disparities and proposing future 

research directions to improve SCD 

management.  SCD affects both men and 

women, but emerging evidence suggests 

that gender plays a crucial role in 

determining disease outcomes. Research 

indicates that males and females may 

experience different disease 

manifestations and complications. For 

example, males might face a higher risk of 

severe pain crises, while females might 

experience more significant challenges 

related to reproductive health and disease 

management. Understanding these 

gender-based disparities is essential for 

developing tailored interventions that 

address the specific needs of both male 

and female patients. Despite 

advancements in SCD therapies, there are 

still significant disparities in treatment 
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access and effectiveness between 

genders. For example, women may face 

unique barriers related to treatment 

adherence, such as balancing disease 

management with family responsibilities. 

On the other hand, men might experience 

different forms of stigma or challenges in 

accessing care. By examining these 

disparities, the review aims to highlight 

gaps in current treatment strategies and 

propose gender-specific interventions to 

enhance care for all patients. 

SCD has profound psychosocial impacts 

that vary between genders. Women and 

men may experience different levels of 

psychological stress, stigma, and support 

needs. For instance, women might face 

challenges related to pregnancy and 

reproductive health, while men may 

experience issues related to stigma and 

societal expectations. Understanding these 

psychosocial factors is essential for 

developing support mechanisms that 

improve the quality of life for SCD patients. 

Health inequities in SCD care are a 

significant concern, with differences in 

access to care, treatment quality, and 

health outcomes based on gender, 

socioeconomic status, and geographic 

location. Women may face additional 

barriers related to health insurance 

coverage and access to specialized care. 

This review seeks to uncover these 

inequities and propose measures to ensure 

that all patients receive the care they 

need, regardless of gender. There is a 

need for ongoing research to address the 

complex and evolving challenges of SCD. 

Future research should explore novel 

therapies, innovative treatment 

approaches, and advanced technologies 

that could transform SCD care. By 

identifying research gaps and proposing 

new areas for investigation, this review 

aims to drive future advancements in SCD 

management. 

Epidemiology of Sickle Cell Anemia Based 

on Gender 

Sickle cell anemia, a severe form of SCD, is 

a genetic blood disorder characterized by 

the production of hemoglobin S, which 

distorts red blood cells into a sickle shape. 

These sickle-shaped cells can cause 

blockages in blood vessels, leading to 

pain, anemia, and a host of other health 

complications. While sickle cell anemia 

affects both males and females, there is a 

growing body of evidence that suggests 

the disease’s epidemiology is influenced 

by gender, resulting in distinct patterns in 

disease incidence, clinical outcomes, and 

management between men and 

women.15-17 Globally, sickle cell anemia 

affects millions of individuals, with the 

highest prevalence observed in sub-

Saharan Africa, parts of India, and the 

Middle East.18 The incidence of SCD is 

roughly equal between genders at birth, as 

the genetic mutation causing the disease 

is inherited equally from both parents. 

However, the gender distribution of the 

disease often shifts when examining clinical 

outcomes and disease severity. Studies 

indicate that while the prevalence of sickle 

cell anemia at birth is approximately the 

same for both sexes, the manifestation and 

progression of the disease can differ 

between males and females over the 

course of a lifetime.The clinical 

manifestations of sickle cell anemia are 

marked by episodes of severe pain known 

as vaso-occlusive crises, anemia, and 
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potential complications such as acute 

chest syndrome and stroke.19 Research 

shows that females might experience more 

frequent and severe vaso-occlusive crises 

compared to males.20 For example, a 

study conducted in a large cohort of SCD 

patients found that women reported 

higher levels of pain and a greater number 

of pain crises than their male counterparts. 

One potential explanation for this disparity 

is the influence of hormonal changes, such 

as those occurring during menstruation or 

pregnancy, which can exacerbate pain 

and lead to increased disease 

complications for females. 

In addition to differences in pain episodes, 

the progression of sickle cell anemia and 

the incidence of related complications 

also appear to differ by gender. Females 

with SCD are often at a higher risk for 

certain complications, such as acute chest 

syndrome and stroke, compared to 

males.21 Some studies suggest that this 

increased risk may be linked to hormonal 

fluctuations and the impact of 

reproductive health on disease severity.22 

For example, hormonal changes 

associated with menstruation, pregnancy, 

and menopause can influence disease 

activity, with many female patients 

experiencing worsened symptoms during 

these periods.When it comes to treatment, 

the response to therapies such as 

hydroxyurea—a medication used to 

reduce the frequency of pain crises and 

other complications—can vary between 

genders. Clinical trials and observational 

studies have reported that females might 

have different responses to hydroxyurea 

treatment compared to males, including 

variations in the medication’s effectiveness 

and side effects. These differences 

highlight the importance of considering 

gender when developing and 

administering treatment regimens. For 

instance, some research has suggested 

that females may require different dosing 

strategies or additional supportive 

therapies to achieve optimal 

outcomes.The quality of life for individuals 

with sickle cell anemia is significantly 

impacted by the disease’s chronic nature 

and associated complications. Studies 

show that females with SCD often report a 

lower quality of life compared to males.23-24 

This difference is not solely due to the 

physical manifestations of the disease but 

also reflects psychosocial factors such as 

stress, coping mechanisms, and social 

support. Women may face unique 

challenges in managing their health, 

including balancing the demands of SCD 

with other responsibilities such as work and 

family life, which can further affect their 

overall well-being. 

Gender-based socio-economic barriers 

also play a role in the epidemiology of 

sickle cell anemia. Women with SCD may 

face additional hurdles in accessing 

healthcare resources compared to men.25 

These barriers include differences in health 

insurance coverage, economic instability, 

and potential gender biases in healthcare 

settings. For example, women might 

experience difficulties in securing 

adequate health insurance coverage or 

accessing necessary treatments, which 

can lead to delays in care and poorer 

health outcomes.Hormonal influences are 

a significant factor in the gender-based 

differences observed in sickle cell anemia. 

Research has shown that female patients 
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may experience fluctuations in disease 

severity in relation to hormonal changes 

during the menstrual cycle, pregnancy, 

and menopause.26 These hormonal 

changes can impact the frequency and 

intensity of pain crises, as well as the overall 

management of the disease. 

Understanding these influences is crucial 

for developing gender-specific 

management strategies that address the 

unique needs of female patients. In terms 

of long-term health outcomes, there is 

evidence to suggest that survival rates for 

individuals with sickle cell anemia may 

differ between genders. While survival rates 

have improved for both males and 

females due to advancements in 

treatment, some studies have reported 

that females might face a greater risk of 

mortality from certain SCD-related 

complications.  

Gender-Based Biological Variations 

Sickle cell anemia, a form of SCD 

characterized by the presence of 

hemoglobin S, manifests differently in 

males and females due to a variety of 

biological factors. These gender-based 

biological variations influence disease 

progression, clinical manifestations, 

treatment responses, and overall health 

outcomes.One of the most significant 

biological differences between male and 

female patients with sickle cell anemia is 

the impact of hormonal fluctuations.27 

Hormones such as estrogen and 

progesterone, which vary across the 

menstrual cycle, pregnancy, and 

menopause, have been shown to 

influence the severity of sickle cell 

symptoms. For instance, research has 

demonstrated that the hormonal changes 

associated with the menstrual cycle can 

exacerbate the frequency and intensity of 

vaso-occlusive crises in females. Similarly, 

during pregnancy, increased blood 

volume and hormonal changes can 

impact disease severity and complicate 

management strategies for female 

patients.Gender differences in pain 

perception are another important factor in 

sickle cell anemia. Studies have shown that 

females may experience higher levels of 

pain during vaso-occlusive crises 

compared to males.28-29 This variation in 

pain perception might be attributed to 

both physiological and psychological 

factors. For example, hormonal fluctuations 

can influence pain sensitivity, and 

psychosocial factors such as stress and 

coping mechanisms may also contribute 

to the gender differences observed in pain 

experiences.  

Genetic and epigenetic factors also 

contribute to gender-based variations in 

sickle cell anemia.30 While the mutation 

causing sickle cell anemia is inherited 

equally from both parents, there are 

gender-specific genetic and epigenetic 

mechanisms that can influence disease 

outcomes. For example, some research 

suggests that females may have different 

patterns of gene expression related to 

inflammation and pain compared to 

males. These differences can affect how 

the disease progresses and responds to 

treatment. Additionally, the X 

chromosome, which has varying gene 

expression patterns between males and 

females, may also play a role in these 

variations.The immune system’s response to 

sickle cell anemia can vary between 

genders.31 Females may have different 
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immune responses compared to males, 

which can influence disease severity and 

complication rates. For instance, females 

might have a more pronounced 

inflammatory response, which can 

exacerbate symptoms of sickle cell 

anemia and lead to more frequent 

complications such as acute chest 

syndrome. The pathophysiology of red 

blood cells in sickle cell anemia also differs 

between genders.32 Female patients might 

experience more significant anemia 

compared to males, potentially due to 

differences in red blood cell production 

and destruction. Additionally, hormonal 

changes that affect blood volume and cell 

turnover can lead to variations in the 

severity of anemia and other blood-related 

complications. Exploring these blood cell 

pathophysiological differences can 

provide insights into how gender impacts 

disease management. 

Responses to treatment for sickle cell 

anemia can also be influenced by 

gender.33 For example, females may 

experience different efficacy and side 

effects from treatments such as 

hydroxyurea compared to males. 

Hydroxyurea, a medication used to reduce 

pain crises and other complications, may 

have varying effects due to differences in 

drug metabolism, hormonal influences, 

and genetic factors. Additionally, side 

effects of treatments can differ between 

genders, necessitating gender-specific 

approaches to therapy.Gender-based 

variations in bone marrow function and 

hematopoiesis, the process of blood cell 

production, may also affect sickle cell 

anemia.34 Differences in bone marrow 

response to stress, infection, and other 

stimuli can influence disease progression 

and treatment outcomes. For instance, 

females might experience different 

patterns of hematopoietic stem cell 

activity compared to males, which can 

impact the management of sickle cell 

anemia.Vascular complications, such as 

stroke and priapism, exhibit gender-based 

differences in sickle cell anemia.35 Males 

are generally at a higher risk for certain 

vascular complications like priapism, while 

females may experience different patterns 

of vascular damage and stroke risk. 

Reproductive health significantly impacts 

the management of sickle cell anemia in 

females.36 The challenges of managing 

sickle cell anemia during pregnancy and 

the influence of reproductive health on 

disease severity are important 

considerations. Female patients with sickle 

cell anemia may face unique challenges 

related to reproductive health, including 

higher risks of pregnancy-related 

complications and considerations for 

family planning and pregnancy 

management. 

Clinical Manifestations and Disease 

Progression 

Sickle cell anemia, a genetic disorder 

caused by mutations in the β-globin gene, 

leads to the production of sickle-shaped 

red blood cells that cause various clinical 

manifestations and disease 

complications.37 While both males and 

females are affected by sickle cell anemia, 

there are notable gender-based 

differences in how the disease manifests 

and progresses over time. Vaso-occlusive 

crises are one of the hallmark symptoms of 

sickle cell anemia, characterized by acute 

episodes of severe pain caused by the 
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obstruction of blood flow in small blood 

vessels.38 Research indicates that females 

with sickle cell anemia often experience 

more frequent and severe vaso-occlusive 

crises compared to males.39 This increased 

frequency of pain crises in females may be 

influenced by hormonal fluctuations, such 

as those occurring during the menstrual 

cycle or pregnancy, which can 

exacerbate the pain and increase the risk 

of crisis episodes. A study found that 

female patients reported significantly 

higher levels of pain and a greater number 

of vaso-occlusive crises compared to male 

patients, especially during menstruation 

and pregnancy periods.Acute chest 

syndrome (ACS) is a serious complication 

of sickle cell anemia that presents with 

chest pain, fever, and respiratory 

symptoms.40 ACS is a leading cause of 

hospitalization and mortality in SCD 

patients. Research suggests that females 

may have a higher risk of developing ACS 

compared to males.41 The increased 

incidence of ACS in females might be due 

to both hormonal influences and 

differences in immune responses, which 

can affect the inflammatory processes 

associated with this condition. A study 

demonstrated that female patients with 

sickle cell anemia had a higher incidence 

of ACS and related complications, which 

could be linked to increased inflammation 

and respiratory complications. 

Anemia is a persistent feature of sickle cell 

anemia, caused by the destruction of 

sickle-shaped red blood cells.42 Females 

with sickle cell anemia may experience 

more severe anemia compared to males, 

which can be exacerbated by menstrual 

blood loss and pregnancy-related 

changes. Hematologic complications such 

as splenic sequestration and acute anemia 

are also observed, with females potentially 

facing different patterns of these 

complications due to physiological and 

hormonal factors. Research has shown that 

females with sickle cell anemia are at 

increased risk for severe anemia and 

related complications, potentially due to 

menstrual blood loss and other hormonal 

factors.Stroke is a serious complication of 

sickle cell anemia, with patients at risk for 

both ischemic and hemorrhagic strokes. 

Studies have indicated that males with 

sickle cell anemia are at a higher risk of 

stroke compared to females, which may 

be related to gender differences in blood 

flow dynamics and vascular health.43 

However, females are also at risk, 

especially during periods of increased 

disease activity or hormonal changes that 

could influence stroke risk. A review of 

clinical data found that males with sickle 

cell anemia had a higher incidence of 

stroke compared to females, although 

both genders remain at significant risk for 

this serious complication. 

Priapism, a painful and prolonged erection 

unrelated to sexual desire, is a condition 

more commonly observed in males with 

sickle cell anemia.44 It occurs due to the 

obstruction of blood flow in the penile 

vasculature and can lead to long-term 

damage if not treated promptly. Females, 

on the other hand, do not experience 

priapism, highlighting a key gender 

difference in clinical manifestations of 

sickle cell anemia. Research indicates that 

priapism is a frequent complication in male 

patients with sickle cell anemia, affecting 

about 30% of males with the 
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disease.Chronic pain and osteonecrosis 

(bone damage due to interrupted blood 

flow) are common in sickle cell anemia. 

Studies suggest that females may 

experience more chronic pain and a 

higher incidence of osteonecrosis 

compared to males.45 The increased risk of 

chronic pain in females might be related 

to both biological and psychosocial 

factors, including hormonal influences and 

coping mechanisms. A study revealed that 

females with sickle cell anemia reported 

higher levels of chronic pain and a greater 

incidence of osteonecrosis compared to 

males.46 Reproductive health issues are 

significant for female patients with sickle 

cell anemia.47 Complications related to 

pregnancy, such as preeclampsia, preterm 

labor, and increased risk of maternal and 

fetal morbidity, are of particular concern. 

Hormonal changes during pregnancy and 

reproductive health issues require careful 

management to minimize risks for both 

mother and child. Females with sickle cell 

anemia face increased risks during 

pregnancy, including complications such 

as preeclampsia and preterm labor. 

The spleen plays a crucial role in filtering 

blood and fighting infections, but in sickle 

cell anemia, it can become damaged or 

sequester red blood cells.48 While both 

genders are at risk for splenic 

complications, females might experience 

these issues differently due to hormonal 

factors and increased disease activity 

during specific life stages. Studies have 

shown that females may experience more 

severe splenic complications compared to 

males, which can be related to hormonal 

influences and disease severity.Children 

with sickle cell anemia may face growth 

and development issues, and there is 

evidence suggesting that these issues may 

differ between boys and girls.49 Girls may 

experience delayed growth or puberty 

compared to boys, potentially due to the 

chronic nature of the disease and its 

impacts on overall health. Research has 

documented that girls with sickle cell 

anemia may experience delayed growth 

and puberty compared to boys, 

influenced by the chronic effects of the 

disease.The psychosocial impacts of sickle 

cell anemia, including mental health issues 

such as depression and anxiety, can also 

differ by gender.50 Females with sickle cell 

anemia may report higher levels of 

psychological distress compared to males, 

influenced by disease-related pain, social 

support networks, and coping strategies. A 

study found that females with sickle cell 

anemia reported higher levels of 

depression and anxiety, which could be 

related to the stress of managing chronic 

disease and seeking support. 

Socioeconomic and Psychosocial 

Determinants 

The impact of sickle cell anemia extends 

beyond the realms of biology and clinical 

manifestations, reaching into the intricate 

web of socioeconomic and psychosocial 

determinants.21 Socioeconomic disparities 

can significantly influence access to 

healthcare resources, affecting the 

frequency and quality of medical 

interventions for individuals with sickle cell 

anemia. Gender-specific considerations 

may arise, impacting reproductive health 

services, family planning, and access to 

specialized care. Disparities in the quality 

of healthcare services, including access to 

hematologists, pain management 
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specialists, and comprehensive care 

centers, can contribute to variations in 

disease management outcomes. 

Socioeconomic factors may intersect with 

gender-specific health needs, influencing 

the overall quality of care provided. The 

availability of health insurance and its 

affordability are critical determinants of 

access to essential medical services and 

medications. Socioeconomic factors, 

including income disparities and 

employment opportunities, may intersect 

with gender-based considerations, 

influencing insurance coverage and 

financial barriers to care. 

Educational attainment and employment 

opportunities can be influenced by the 

impact of sickle cell anemia on academic 

performance and the ability to maintain 

consistent employment.52 Gender-specific 

factors may play a role, affecting career 

choices, workplace accommodations, 

and family planning decisions. 

Stigmatization associated with sickle cell 

anemia can have profound psychosocial 

effects on individuals, impacting self-

esteem, social relationships, and mental 

well-being.53 Gender-specific stigma may 

intersect with societal expectations and 

norms, influencing coping mechanisms 

and mental health outcomes. The level of 

family and social support is a crucial 

determinant of the overall well-being of 

individuals with sickle cell anemia. 

Socioeconomic factors may influence the 

availability of support networks, and 

gender-specific roles and expectations 

within families can shape the nature of this 

support. Reproductive health decisions, 

including family planning, may be 

influenced by the unique considerations of 

living with sickle cell anemia. Gender-

specific factors, such as the impact of the 

disease on fertility and pregnancy 

outcomes, can shape reproductive 

choices and family planning decisions. The 

availability of community resources, 

support groups, and advocacy initiatives 

can play a pivotal role in enhancing the 

overall quality of life for individuals with 

sickle cell anemia. Socioeconomic factors 

may influence access to these resources, 

and gender-specific considerations may 

shape the nature of community support 

and advocacy efforts.Tailoring 

interventions to account for the 

intersectionality of these factors, including 

gender-specific considerations, is crucial 

for promoting equitable access to care, 

improving overall quality of life, and 

addressing the broader societal challenges 

associated with this complex 

hematological disorder. Continued 

research and advocacy efforts are 

essential to mitigate the impact of socio-

economic and psychosocial determinants 

on individuals living with sickle cell anemia. 

Clinical Presentation of Sickle Cell Disease 

Based on Gender 

SCD is a genetic disorder characterized by 

the presence of sickle-shaped red blood 

cells, leading to a range of clinical 

symptoms and complications. The clinical 

presentation of SCD can vary based on 

gender, with differences in the frequency, 

severity, and types of symptoms 

experienced by male and female 

patients.Males generally experience vaso-

occlusive crises, which are acute episodes 

of severe pain, at a rate comparable to 

females but with varying intensity.54 Males 

may experience fewer crises or less severe 
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pain, but this is not universal and can 

depend on individual disease severity and 

other factors. Pain management strategies 

for males often focus on opioid therapy, 

hydration, and supportive care. Males 

might have a more straightforward 

response to standard pain management 

protocols. A study found that males with 

SCD reported less severe pain during crises 

compared to females, potentially due to 

different pain perception and reporting 

mechanisms. Females with SCD often 

experience more frequent and severe 

vaso-occlusive crises compared to males.55 

This increased frequency is linked to 

hormonal fluctuations, such as those during 

menstruation, pregnancy, and 

menopause. Pain management for 

females may require more aggressive 

strategies, including higher doses of 

opioids, non-opioid analgesics, and 

additional supportive care measures. 

Research indicates that female patients 

experience more frequent and severe 

vaso-occlusive crises, which might be 

exacerbated by hormonal changes.Males 

are at significant risk for ACS, a severe lung 

complication associated with SCD.56 Males 

might experience this complication more 

frequently due to a higher incidence of 

vaso-occlusive events leading to lung 

involvement. ACS management for males 

includes supportive care, antibiotics, and 

blood transfusions. Males may have a 

higher need for intensive care during ACS 

episodes. Studies have shown that males 

with SCD are at higher risk for developing 

ACS, which is related to the frequency of 

pain crises and other acute events. 

Females with SCD also face the risk of ACS, 

but the severity may be influenced by 

hormonal factors and the presence of 

other coexisting conditions.57 For females, 

ACS management may include similar 

strategies as for males but with additional 

considerations for potential hormonal 

influences and comorbidities. ACS is a 

major complication for both genders, but 

females might have different contributing 

factors such as hormonal changes or 

underlying infections.Males with SCD often 

experience chronic anemia due to the 

ongoing destruction of sickle cells.58 The 

severity of anemia can vary but is 

generally managed through blood 

transfusions and medications. Males may 

receive regular blood transfusions and 

hydroxyurea treatment to manage anemia 

and prevent complications. Males with 

SCD often require regular blood 

transfusions to manage chronic anemia 

and prevent complications.Females with 

SCD might experience more severe 

anemia, which can be exacerbated by 

menstrual blood loss and pregnancy.59 

Anemia management for females might 

require additional interventions. Female 

patients may need adjusted transfusion 

schedules and iron chelation therapy to 

manage anemia and avoid complications 

such as iron overload. Females with SCD 

are at increased risk for severe anemia due 

to additional blood loss from menstruation 

and pregnancy.Males are at a higher risk 

for stroke compared to females with SCD. 

This increased risk is often due to the higher 

incidence of vaso-occlusive events and 

other risk factors. Stroke prevention for 

males includes regular transfusions, 

hydroxyurea, and other preventive 

measures. Males with SCD are more likely 
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to experience strokes, and management 

includes intensive preventive strategies. 

Females also face stroke risks, though these 

might be lower compared to males. 

However, females may have unique risk 

factors such as hormonal changes during 

pregnancy or the use of oral 

contraceptives. Females need to be 

monitored for stroke risks, especially during 

pregnancy or when using hormonal 

contraceptives. While females have a 

lower incidence of stroke compared to 

males, factors such as pregnancy and oral 

contraceptive use can affect their risk. 

Priapism, a painful and persistent erection, 

is a common complication in males with 

SCD.60 It requires urgent treatment to 

prevent long-term damage. Treatment for 

priapism includes hydration, medications, 

and sometimes surgical interventions. 

Priapism is a prevalent condition among 

males with SCD, requiring prompt medical 

attention. Priapism does not occur in 

females, as it is a condition specific to male 

physiology. Priapism is a male-specific 

condition and does not apply to female 

patients with SCD. 

Males may experience chronic pain as a 

long-term complication of SCD.61 This pain 

can be managed through a combination 

of medications and physical therapy. 

Males might be more prone to 

osteonecrosis, a condition where bone 

tissue dies due to loss of blood supply. 

Males with SCD may experience chronic 

pain and osteonecrosis, requiring long-term 

management strategies. Females with SCD 

also experience chronic pain, which may 

be more intense and frequent compared 

to males. Females are also at risk for 

osteonecrosis, and their management 

might involve both pharmacological and 

non-pharmacological treatments. Females 

with SCD may experience more frequent 

and severe chronic pain and are also at 

risk for osteonecrosis.Males with SCD may 

face complications related to fertility and 

sexual health, including priapism and 

reduced fertility.62 Males with SCD might 

experience issues such as priapism and 

reduced fertility, which require specific 

medical attention. Females face 

reproductive health challenges related to 

pregnancy, menstrual irregularities, and 

potential impacts on fertility. Female 

patients with SCD experience unique 

reproductive health challenges, including 

risks during pregnancy and menstrual 

irregularities. Male children with SCD may 

experience growth delays or other 

developmental issues due to the chronic 

nature of the disease. Males with SCD 

might face growth delays and 

developmental issues that require careful 

monitoring. Female children with SCD may 

also face growth and development 

challenges, with potential delays in 

puberty and physical growth. Female 

children with SCD may experience 

delayed growth and puberty, which needs 

to be managed through regular check-ups 

and appropriate interventions. 

Treatment Disparities and Gender-Specific 

Interventions 

Sickle cell anemia (SCA) is a genetic 

disorder that significantly impacts the 

quality of life for those affected. While 

advancements in treatment have 

improved patient outcomes, disparities still 

exist in how therapies are administered 

and the effectiveness of these treatments 

for different genders. One of the most 
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noticeable disparities in the treatment of 

sickle cell anemia is the variation in how 

male and female patients respond to 

therapies. Hydroxyurea, a common 

treatment used to reduce the frequency of 

vaso-occlusive crises and other 

complications, has been shown to have 

different efficacy and side effects 

between genders. A study found that while 

hydroxyurea treatment led to a reduction 

in pain crises for both genders, female 

patients reported more frequent 

gastrointestinal side effects compared to 

males, suggesting a need for gender-

specific dosing strategies.63Pain 

management in sickle cell anemia 

presents unique challenges for both males 

and females, but there are notable gender 

differences in pain perception and 

response to treatment.64 Females with 

sickle cell anemia may experience more 

severe pain and may require different pain 

management strategies compared to 

males. Gender-specific approaches, such 

as adjusting opioid dosages or 

incorporating alternative pain 

management techniques, are essential for 

effectively addressing these differences. 

Research indicates that females with sickle 

cell anemia often experience more severe 

and frequent pain crises, which may 

necessitate tailored pain management 

strategies, including a combination of 

opioids and non-opioid therapies. 

Blood transfusions are used in the 

management of sickle cell anemia to 

prevent and treat complications such as 

stroke and acute chest syndrome. There 

are gender-related disparities in the 

utilization and outcomes of blood 

transfusion therapies. For instance, males 

are more likely to receive blood 

transfusions due to a higher incidence of 

complications like priapism and stroke, 

while females might face barriers to 

accessing transfusions due to issues such as 

lower hemoglobin levels or hormonal 

influences. A study found that males with 

sickle cell anemia had higher rates of 

blood transfusions for acute complications, 

while females faced more challenges in 

accessing timely transfusions due to lower 

hemoglobin levels and other 

factors.Hydroxyurea is a cornerstone of 

sickle cell anemia treatment, but there is 

evidence that gender may influence how 

patients respond to this medication.65 

Females may require different dosing 

regimens compared to males, and there 

are calls for more research into gender-

specific dosing strategies to ensure both 

efficacy and safety. Gender-specific 

considerations for dosing and monitoring 

can help optimize treatment outcomes for 

both male and female patients. Clinical 

trials have suggested that while 

hydroxyurea is effective for both genders, 

females might require different dosing 

strategies and closer monitoring for side 

effects compared to males. 

Gender-based disparities also exist in the 

screening and preventive measures for 

sickle cell anemia.66 Females may be less 

likely to receive regular screenings or 

preventive care due to socio-economic 

factors, health insurance coverage, or 

access to care. Implementing gender-

specific screening programs and 

preventive measures can help bridge 

these gaps and ensure that all patients 

receive the necessary care. Studies show 

that females with sickle cell anemia may 
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have less frequent access to preventive 

care and screenings, highlighting the need 

for gender-specific outreach programs 

and improved healthcare access.Bone 

marrow transplantation (BMT) is a potential 

cure for sickle cell anemia, but there are 

gender differences in access to and 

outcomes of this treatment.67 Males and 

females may have different success rates 

for BMT, influenced by factors such as 

disease severity, availability of suitable 

donors, and gender-based differences in 

healthcare access and support. Research 

indicates that while BMT can be a life-

saving treatment for sickle cell anemia, 

females may face more challenges in 

finding suitable donors and may 

experience different outcomes compared 

to males.For female patients, the 

management of sickle cell anemia during 

pregnancy and other reproductive health 

issues is a critical aspect of treatment.68 

Pregnancy can complicate sickle cell 

anemia management, and there is 

gender-specific considerations for ensuring 

the health of both the mother and the 

fetus. Developing gender-specific 

guidelines for managing sickle cell anemia 

during pregnancy is essential for improving 

outcomes for female patients. A review of 

pregnancy outcomes in females with sickle 

cell anemia found that targeted prenatal 

care and management strategies are 

crucial for improving both maternal and 

fetal health outcomes. 

The psychosocial needs of male and 

female patients with sickle cell anemia can 

differ, and providing gender-sensitive 

psychosocial support is an important 

aspect of comprehensive care.69 Females 

may experience higher levels of 

psychological distress and may benefit 

from tailored counseling services that 

address their unique challenges related to 

disease management and personal well-

being. Research has shown that females 

with sickle cell anemia may have higher 

levels of depression and anxiety, 

highlighting the need for gender-specific 

psychosocial support services.Educational 

interventions for sickle cell anemia patients 

can be tailored to address gender-specific 

needs.70 For example, educational 

programs that focus on disease self-

management, medication adherence, 

and lifestyle modifications can be 

designed to address the unique challenges 

faced by both male and female patients. 

Educational programs that address both 

disease management and lifestyle 

modifications can help patients develop 

effective self-management strategies, with 

considerations for gender-based 

differences in disease 

experience.Advocacy for gender equity in 

sickle cell anemia treatment involves 

addressing disparities in healthcare access, 

treatment quality, and support services.31 

Policy initiatives aimed at improving 

gender equity in sickle cell anemia care 

can help ensure that both male and 

female patients receive equitable 

treatment and support. Advocacy efforts 

focused on creating policies that promote 

gender equity in sickle cell anemia care 

are crucial for addressing disparities and 

ensuring fair treatment for all patients. 

Treatment Responses and Adherence 

In SCD, the effectiveness of treatments and 

the adherence to treatment regimens can 

differ between male and female 

patients.72 Males generally respond to 
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hydroxyurea therapy with a reduction in 

the frequency of vaso-occlusive crises and 

an improvement in hemoglobin levels. 

However, the effectiveness can vary 

based on disease severity and other health 

factors. Males might have consistent 

adherence to hydroxyurea regimens due 

to fewer side effects or a better 

understanding of the treatment's benefits. 

Studies show that males with SCD often 

achieve favorable outcomes with 

hydroxyurea, with some experiencing side 

effects such as gastrointestinal 

discomfort.Females may experience 

different outcomes with hydroxyurea, 

including varying degrees of effectiveness 

and side effects. They may also have more 

severe side effects or require different 

dosing regimens. Adherence to 

hydroxyurea can be challenging for 

females due to side effects like nausea or 

concerns about long-term use, which may 

affect their commitment to the treatment 

regimen. Female patients might 

experience more severe side effects from 

hydroxyurea, which can affect their 

adherence to the treatment.Males may 

respond well to traditional pain 

management strategies, including opioids 

and non-opioid medications. However, 

their responses can be influenced by 

factors such as pain tolerance and access 

to care. Males might adhere to pain 

management regimens if they perceive 

them as effective and manageable, 

though misuse of opioids can be a 

concern. Males with SCD often follow 

prescribed pain management strategies 

effectively, though they may be at risk for 

opioid misuse.73 Females may experience 

different pain responses and might require 

more aggressive pain management 

strategies. They might also have additional 

barriers to effective pain management. 

Females might struggle with adherence to 

pain management regimens due to side 

effects or a perception that the treatment 

is not effective. Females with SCD may 

have a higher level of pain and may 

experience more side effects from pain 

medications, affecting their adherence. 

Males often receive blood transfusions for 

managing complications such as acute 

chest syndrome or stroke. They generally 

show positive responses to transfusion 

therapy. Males may adhere well to 

transfusion regimens as they are usually 

aware of the critical role of transfusions in 

managing acute complications. Males 

with SCD typically adhere to blood 

transfusion regimens due to their 

importance in managing acute 

complications.74 Females also benefit from 

blood transfusions but may face additional 

challenges such as managing iron 

overload from frequent transfusions. 

Adherence can be influenced by logistical 

issues, such as scheduling transfusions 

around menstrual cycles or pregnancy-

related concerns. Females might 

encounter barriers to regular blood 

transfusions, such as the need for careful 

management of iron levels.Males who 

undergo BMT may experience varying 

success rates based on factors like donor 

match and disease severity.75 They often 

receive detailed pre-transplant evaluations 

and follow-ups.  Males might be more 

compliant with pre- and post-transplant 

regimens due to clear treatment goals and 

the potential for a cure. Males undergoing 

BMT are often committed to the rigorous 
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pre- and post-transplant care protocols, 

which improves treatment success. 

Females may face unique challenges in 

BMT, such as finding suitable donors and 

managing post-transplant complications. 

Their treatment regimens might be more 

complex. Adherence can be impacted by 

factors such as hormonal changes or 

family responsibilities, which may affect 

their commitment to the BMT regimen. 

Female patients might face more 

challenges with BMT, including finding a 

suitable donor and managing post-

transplant care. Males often receive 

standard doses of hydroxyurea, which are 

effective for managing SCD. Adherence is 

generally high if side effects are 

manageable. Adherence to hydroxyurea 

regimens can be influenced by the 

simplicity of the dosing schedule and the 

visible benefits of treatment.75 

Males often adhere to hydroxyurea 

treatment schedules, benefiting from the 

medication’s effects on SCD 

management.76 Females might require 

adjusted dosing regimens due to different 

side effect profiles and responses to 

hydroxyurea. Adherence can be affected 

by concerns about long-term use, side 

effects, and the impact of the medication 

on menstrual cycles and pregnancy. 

Females might experience adherence 

issues with hydroxyurea due to side effects 

and concerns related to reproductive 

health. Males may adhere to pain 

management plans if they believe the 

treatments effectively alleviate their pain. 

However, adherence can be challenged 

by the long-term use of opioids and 

potential misuse. Males with SCD may have 

consistent adherence to pain 

management strategies, but issues with 

opioid misuse can arise. Females might 

face greater challenges with adherence 

to pain management due to severe pain 

and side effects of medications. They may 

also experience stigma related to pain 

management. Females might struggle with 

adherence to pain management regimens 

due to severe pain and medication side 

effects.Males are generally good at 

following preventive measures like 

vaccinations and regular check-ups. They 

often adhere well to recommendations 

aimed at preventing complications of SCD. 

Males with SCD typically follow preventive 

care recommendations effectively. 

Females might encounter barriers to 

adhering to preventive measures due to 

personal, economic, or systemic factors. 

Females might face barriers to preventive 

care, such as accessing healthcare 

services regularly. Males may have 

different psychosocial factors influencing 

adherence, such as support from family 

and social networks. They might be less 

likely to seek mental health support. Males 

might experience fewer psychosocial 

barriers to treatment adherence 

compared to females. Females might 

experience higher levels of psychological 

distress and face unique challenges 

related to treatment adherence, such as 

balancing care with family responsibilities. 

Females with SCD might face significant 

psychosocial challenges affecting their 

adherence to treatment 

regimens.Educational interventions for 

males can focus on the benefits of 

adherence and practical aspects of 

managing SCD. Males may respond well to 

straightforward educational materials. 
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Educational programs targeting males 

may focus on simplifying adherence to 

treatment regimens. Educational 

interventions for females may need to 

address more complex issues such as 

managing menstrual cycles, pregnancy, 

and long-term health concerns. 

Educational strategies for females may 

include information on managing specific 

health concerns and improving 

adherence.76 

Health Inequities and Access to Care 

SCD is a lifelong condition that requires 

ongoing medical care and management. 

However, the quality and accessibility of 

this care are not uniformly available to all 

individuals with SCD. Geographic location 

plays a critical role in determining access 

to healthcare services for individuals with 

SCD.77 In urban areas, patients might have 

access to specialized sickle cell clinics and 

comprehensive care teams. However, 

those living in rural or underserved areas 

often face significant barriers to accessing 

these essential services. Socioeconomic 

status significantly affects access to SCD 

care.78 Low-income patients may have 

limited access to healthcare resources due 

to financial constraints. Socioeconomic 

disparities contribute to unequal health 

outcomes by limiting access to 

medications, preventive care, and 

emergency services.Health insurance 

coverage is a major factor in accessing 

care for SCD patients.79 Individuals with 

comprehensive insurance may receive 

regular medical care, whereas those with 

inadequate or no insurance face 

significant barriers. Inadequate insurance 

coverage often leads to delayed or 

fragmented care, which can exacerbate 

health issues.Cultural and linguistic barriers 

can significantly impact the quality of care 

for SCD patients. These barriers can result in 

misunderstandings about treatment plans 

and hinder the effectiveness of medical 

care. Additionally, cultural beliefs and 

practices may influence how patients 

perceive and manage their disease.Bias 

and discrimination among healthcare 

providers can negatively affect the care of 

SCD patients. Discriminatory attitudes or 

assumptions about SCD patients can lead 

to unequal treatment and lower quality of 

care. This bias can result in inadequate 

pain management and a lack of trust 

between patients and providers.Access to 

preventive care and regular screenings is 

crucial for managing SCD effectively. 

Preventive measures such as vaccinations, 

routine check-ups, and early detection of 

complications can significantly improve 

patient outcomes. Barriers to preventive 

care can lead to missed opportunities for 

early intervention and better disease 

management.Education and awareness 

about SCD are essential for effective 

disease management and patient 

advocacy. Low levels of awareness 

among patients and the general public 

can hinder efforts to address SCD-related 

health inequities. Increasing awareness 

and providing educational materials are 

vital for empowering patients and 

improving care.76 Healthcare policies play 

a significant role in shaping the availability 

and quality of care for SCD patients. 

Policies that support comprehensive SCD 

care can improve patient outcomes, while 

those that are inadequate or poorly 

implemented can exacerbate health 

inequities. Effective healthcare policies 
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can help address gaps in care and ensure 

equitable access to necessary 

services.Community support plays a crucial 

role in filling gaps in SCD care. Support 

groups, non-profit organizations, and 

community health initiatives can provide 

resources, emotional support, and 

advocacy for patients. Community 

resources can help bridge gaps in care 

and offer additional support to patients. 

Future Directions and Research Priorities 

SCD is a complex and multifaceted 

condition that continues to pose significant 

challenges in clinical care, patient 

management, and research. While 

advancements have been made in 

understanding and treating SCD, there 

remains a pressing need for ongoing 

research and innovation.  

1. Advancements in Gene Therapy and 

Genetic Research 

Gene therapy represents a promising 

frontier in the treatment of SCD. Recent 

breakthroughs in gene editing 

technologies, such as CRISPR-Cas9, offer 

the potential to correct the genetic 

mutations responsible for SCD.80 Research 

efforts are increasingly focused on refining 

these technologies to ensure safety, 

efficacy, and long-term success. Future 

studies will need to address questions 

related to the best methods for gene 

editing, potential off-target effects, and 

the long-term impact of genetic 

modifications. 

2. Development of Novel Pharmacological 

Therapies 

Despite the availability of treatments like 

hydroxyurea and new agents such as 

voxelotor and crizanlizumab, there is a 

continued need for the development of 

novel pharmacological therapies for 

SCD.81 Future research should focus on 

discovering new drug candidates that 

target various aspects of the disease, 

including pain management, prevention of 

vaso-occlusive crises, and mitigation of 

organ damage. Identifying novel 

therapeutic targets and developing new 

medications will be crucial for advancing 

SCD care. 

3. Enhancing Pain Management Strategies 

Effective pain management remains a 

significant challenge for SCD patients.82 

Research should explore innovative 

approaches to pain management, 

including non-opioid therapies, alternative 

medicine, and psychological interventions. 

Investigating the underlying mechanisms of 

SCD-related pain and developing 

multimodal pain management strategies 

will be essential for improving patient 

outcomes and quality of life. 

4. Addressing Health Disparities and 

Inequities 

Health disparities in SCD care are a 

significant issue, with differences in access 

to care, treatment quality, and health 

outcomes based on socioeconomic 

factors, geographic location, and 

insurance coverage.83 Future research 

should aim to identify and address these 

disparities through targeted interventions, 

policy changes, and community outreach 

programs. Understanding the root causes 

of health inequities and developing 

strategies to overcome them will be key to 

achieving more equitable care for all SCD 

patients. 

5. Improving Patient Education and Self-

Management 
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Patient education is crucial for effective 

disease management in SCD. Future 

research should explore methods for 

improving patient education and self-

management strategies. This includes 

developing educational resources, 

enhancing health literacy, and creating 

tools to help patients manage their disease 

more effectively. Understanding the most 

effective ways to engage patients in their 

own care and promote adherence to 

treatment regimens will be vital. 

6. Exploring Psychosocial Support 

Mechanisms 

Addressing the psychosocial aspects of 

SCD is essential for holistic patient care. 

Research should focus on developing and 

evaluating interventions that provide 

psychological support, address mental 

health issues, and improve overall well-

being for SCD patients and their families. 

This includes exploring the effectiveness of 

counseling, support groups, and mental 

health services. 

7. Investigating the Long-Term Outcomes of 

SCD Treatments 

Long-term outcomes of SCD treatments, 

including the effects of current therapies 

and new interventions, require ongoing 

investigation. Research should focus on the 

long-term efficacy and safety of 

treatments, including gene therapies and 

novel medications. Understanding the 

long-term impacts of treatments will help 

guide future therapeutic approaches and 

improve patient management strategies. 

8. Strengthening SCD Research Networks 

and Collaboration 

Strengthening research networks and 

fostering collaboration among researchers, 

clinicians, and patients is crucial for 

advancing SCD research. Future efforts 

should focus on building collaborative 

research initiatives, sharing data and 

resources, and creating platforms for 

interdisciplinary research. Collaborative 

approaches can accelerate discoveries 

and enhance the development of new 

therapies and interventions. 

9. Expanding Global Research Initiatives 

SCD is a global health issue, and 

expanding research initiatives beyond 

high-income countries is essential. Future 

research should focus on addressing the 

unique challenges faced by patients in 

low- and middle-income countries, 

including access to care, treatment 

availability, and disease management. 

Expanding global research efforts will 

contribute to a more comprehensive 

understanding of SCD and support 

international efforts to combat the disease. 

10. Utilizing Advanced Technologies in SCD 

Research 

Advanced technologies, such as big data 

analytics, artificial intelligence, and 

personalized medicine, offer new 

opportunities for SCD research. Future 

studies should explore how these 

technologies can be used to better 

understand the disease, predict outcomes, 

and develop personalized treatment plans. 

Harnessing these technologies will enable 

researchers to make data-driven decisions 

and advance the field of SCD research. 

Conclusion 

SCD is a multifaceted condition that 

affects millions of people worldwide, 

presenting a unique set of challenges and 

opportunities for research and clinical 

care. Over the years, significant 

advancements have been made in 
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understanding the pathophysiology of 

SCD, developing treatments, and 

improving patient care. However, there 

remains a pressing need to address 

ongoing issues and explore new avenues 

for enhancing the lives of individuals living 

with SCD. SCD is a genetic disorder 

characterized by the production of 

abnormal hemoglobin, leading to distorted 

red blood cells that cause a range of 

complications including pain crises, organ 

damage, and increased risk of infections. 

Advances in medical research have led to 

the development of various therapeutic 

strategies, including hydroxyurea, novel 

medications like voxelotor and 

crizanlizumab, and innovative approaches 

such as gene therapy. These treatments 

have improved disease management and 

patient outcomes, yet challenges persist in 

achieving optimal care for all 

patients.Despite progress, there are 

significant disparities in SCD care that need 

to be addressed. Geographic and 

socioeconomic barriers limit access to 

specialized care for many individuals, 

particularly those in rural or low-income 

settings. Disparities in health insurance 

coverage and the effects of provider bias 

further contribute to unequal treatment 

outcomes. Additionally, psychosocial 

factors, including mental health issues and 

inadequate patient education, play a 

critical role in managing the disease 

effectively. 
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