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Abstract: Sickle cell anaemia (SCA) is a lifelong condition; it has been recognised as a procoagulant state in which micro 

thrombi have influenced the evolution of many complications. Elevated homocysteine is linked to increased risk of vaso-

occlusion crisis and hyperhaemolytic crisis. This was a cross sectional study conducted in adult with sickle cell anaemia 

(SCA) in steady state in Ahmadu Bello University Teaching Hospital (ABUTH), Zaria, Kaduna Nigeria. Aim: To determine 

serum homocysteine levels in adult SCA patients in steady state and compare with those with HbAA phenotypes. Materials 

and Method: This cross-sectional case control study was conducted in a tertiary hospital in Zaria, Nigeria among adult 

HbSS patients in steady state from January to May 2023. A total of 60 participants were enrolled, 30 subjects diagnosed 

with SCA and 30 HbAA controls. Serum homocysteine of all participants was performed with enzyme-linked 

immunosorbent assay and comparison made between the subjects and controls. The Statistical Package for Social Science 

software (SPSS) version 23.0 was used for data analysis. Results: The mean value for homocysteine in the HbSS group 

was 9.72 ±0.96 µmol/L whilst that of the HbAA was 6.19 ±0.88 µmol/L. All the thirty (100%) SCA patients had 

homocysteine levels between 5-15 µmol/L whilst twenty-seven (90%) out of thirty participants in the HbAA group had 

homocysteine between 5-15 µmol/L. Three (10%) out of thirty in the HbAA group had homocysteine levels < 5 µmol/L. 

There was a statistically significant difference between the means of the two groups with p value of < 0.0001. Conclusion: 

This study demonstrated higher mean serum homocysteine levels among the HbSS participants in comparison with the 

controls (HbAA). 
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INTRODUCTION 
Sickle cell disease (SCD) is a common 

haematological disorder affecting millions of people 

worldwide [1]. Each year in Africa, about 300, 000 

infants are born with the disease contributing to 70% of 

the world’s annual figure [2]. Nigeria has the largest 

population of people with sickle cell disease (SCD), with 

about 150,000 births annually [3]. Sickle cell disease is a 

genetic disorder that results from point mutation at the 

sixth codon of β globin gene, which leads to substitution 

of adenine by thymine [4]. Consequently, an abnormal 

haemoglobin that contains amino acid valine, in place of 

glutamic acid at position six of the β globin chain is 

formed [5]. 

 

Studies in US over a 26-year period revealed an 

18.2% increase in mortality rate amongst sickle cell 

anaemia (SCA) patients, with a higher mortality rate 

recorded amongst adults [6]. Similar studies in Brazil 

revealed that 78.6% of deaths due to sickle cell anaemia 

occurred before the age of 29 years, with 37.5% 

concentrated among children under nine years old [7]. 

This high mortality mainly among children and young 

adults reflects the severity of the disease. 

 

Most of the clinical manifestations of SCA are 

related to the two main pathophysiological mechanisms; 

these are vaso-occlusion and haemolytic anaemia [8]. 
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Sickle cell anaemia being a chronic 

hypercoagulable state caused by recurrent haemolysis, 

sterile inflammation, and endothelial dysfunction 

directly lead to vaso-occlusion [8]. Other factors that 

contribute to this vaso-occlusion may include elevated 

plasma levels of homocysteine, activated 

leukocytes/platelets that adhere to and activate 

endothelial cells, increased thrombin generation, and 

reduced natural anticoagulant like protein C and 

antithrombin [9]. 

 

Homocysteine is a sulfhydryl-containing, non-

proeinogenic amino acid. Raised plasma levels of 

homocysteine in SCA may occur due to folate and 

vitamin B12 deficiency that is usually consequent to 

chronic haemolysis [10]. Therefore, increased plasma 

homocysteine levels could be used as an indicator of 

folate and B12 deficiency according to some studies [10, 

11]. Studies have also revealed that increased serum 

homocysteine levels are associated with the development 

of cardiovascular and peripheral arterial disease [12, 13]. 

Homocysteine has been suggested as a potential 

haemolytic toxin [14]. Even though the actual process of 

the haemolytic effect has not yet been ascertained, its 

pro-oxidant feature has pointed to the latter. 

 

There are several pathophysiologic processes 

by which homocysteine may cause endothelial damage: 

Generation of free radicals when it partakes in auto-

oxidation which causes lipid peroxidation of the 

erythrocyte membrane. [14] Homocysteine’s ability to 

inhibit the anti- oxidant, glutathione peroxidase; this 

compromises the red cells ability to detoxify reactive 

oxygen species (ROS) [15]. Additionally, homocysteine 

has the tendency to bind to the sulfhydryl group of 

proteins on the red cell membrane and cytoskeleton, 

forming mixed disulfides. This structural rearrangement 

could be responsible for the early destruction of red cells 

[16]. 

 

Considering the aforementioned factors 

therefore, raised plasma homocysteine levels is strongly 

linked with increased risk of development of 

hypercoagulability, vaso-occlusion and thrombosis in 

SCA patients. 

 

The objective of this study is to determine the 

serum homocysteine levels in adult HbSS patients in 

steady state and compare it with those of HbAA controls. 

 

MATERIALS AND METHODS 
Study Area and Population 

The research was performed in the 

Haematology Department, Ahmadu Bello University 

Teaching Hospital Zaria, Kaduna State Nigeria. Sixty 

(60) participants consisting of 30 individuals with HbSS 

in steady state (study group) and thirty (30) apparently 

healthy HbAA controls were enrolled into the study. 

 

Study Period: The research was performed over a period 

of five months, from January 2023 to May 2023. 

 

Study Design 

It was a cross sectional case-control research 

comprising of two arms. The first arm consisted of adult 

individuals with SCA in steady state (study group). The 

second arm consisted of apparently healthy individuals 

with HbAA phenotype. 

 

Inclusion Criteria 

➢ Individuals who granted their written informed 

consent by signing the consent form. 

➢ Age between 18-60. 

➢ Confirmed HbSS patients in steady state 

(diagnosed by alkaline haemoglobin 

electrophoresis). 

➢ HbAA controls (confirmed by alkaline 

haemoglobin electrophoresis). 

 

Exclusion Criteria 

➢ Individuals with electrophoresis of AS, AC 

➢ Individuals with history of acute or chronic 

illness like asthma, febrile illness, diabetes and 

hypertension. 

➢ HbAA patients in crisis. 

➢ Intravenous drug abusers. 

➢ Individuals who rejected a written consent 

 

Participant’s Informed Consent 

An informed consent was obtained from the 

literate participants while the non-literate participants 

thumb printed the consent form after a detailed 

explanation of the nature and benefits of the study. The 

participatory need of the non-English speaking 

participants was addressed by the use of an interpreter. 

 

Confidentiality: All information provided by 

participants were treated with utmost confidentiality. 

 

Questionnaire Administration and History Taking 

➢ Questionnaire was used to interview all the 

participants and as well to obtain clinical data. 

➢ The questionnaire was administered to each 

participant by the researcher. 

 

Sample Collection and Storage 

In accordance with standard venipuncture 

procedure under aseptic condition, eight milliliters of 

venous blood were collected from all the participants. 

This was done using 21G needle attached to a 10mls 

disposable syringe, and the antecubital vein was used as 

an access. Five milliliters were dispensed into 

Tripotassium ethylene diamine Tetra-acetic acid 

(K3EDTA) sample bottle and mixed gently by inverting 

the sample bottle several times; this was used for the 

determination of FBC using automated Sysmex 

autoanalyzer machine, and was analyzed within 2 hours 

of collection. The remaining sample in the EDTA sample 
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bottle was used for haemoglobin electrophoresis in order 

to confirm the Hb phenotypes of all the participants. 

 

Three milliliters of blood were dispensed into 

plain bottles and allowed to stand for 1-2hours, then 

spurned and obtained the serum, stored at -20⸰C and 

subsequently used for serum homocysteine 

determination using enzyme linked immunosorbent 

assay (ELISA) kit from Elabscience with manufacturer’s 

instructions strictly followed. 

 

Ethical Consideration 

Ethical approval for this study was obtained from the 

Health Research Ethics Committee (HREC) of ABUTH 

Zaria prior to the commencement of the research. 

ABUTH/HREC/CL/05 

Date of approval: 21st March 2022. 

 

Statistical Analysis 

Data analysis was done using the Statistical 

Package for Social Sciences (SPSS) version 23.0 which 

is a software package used for the analysis of statistical 

data. The results obtained were presented using tables 

and figures. Continuous variables were presented as 

mean and standard deviation (SD), or median with 

interquartile range (IQR) where appropriate, while 

categorical variables were presented as percentages. 

Comparison of means was carried out using the student’s 

t-test. 

 

RESULTS 
Table 1 shows the socio demographic 

characteristics of subjects and controls. The median and 

interquartile age for the subjects and controls were 

24(15) and 27(12) years respectively, with no significant 

difference. There was a significant sex difference 

between the subjects and controls. Subjects were 

predominantly females (80%) whilst majority of control 

participants were males (60%). The majority of the study 

group and controls were unmarried. Only 10 (33.3%) of 

the subjects and 7 (22.3%) of the control were married 

respectively. There was no ethnic difference between the 

subjects and the controls as Hausa was the predominant 

ethnic group among the subjects (80%) and controls 

(73.3%). The majority of the study subjects were 

students and traders while most of the controls were 

students. 

 

Figure 1 shows the age distribution of subjects 

and controls. 

 

Table 1: Sociodemographic characteristics of subjects and controls 

Variables SS, n =30 AA, n= 30 

Freq. (%) Freq. (%) 

Age (years)  24.0(15.0)*  27.0(12.0)*  

Min., Max. (age range)  18, 50  20, 47  

Sex    

Male  6(20.0)  18(60.0)  

Female  24(80.0)  12(40.0)  

Marital Status   

Single  20(66.7)  23(76.7)  

Married  10(33.3)  7(23.3)  

Ethnic Group   

Hausa  24(80.0)  22(73.3)  

Fulani  0  3(10.0)  

Yoruba  4(13.3)  3(10.0)  

Nupe  2(6.7)  2(6.7)  

Occupational Status   

Student  12(40.0  17(56.7)  

Trader  12(40.0)  5(16.7)  

civil servant  3(10.0)  8(26.7)  

house wife  3(10.0)  0  

*Median (Interquartile range) 
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Figure 1: Age distribution of subjects and controls 

 

Table 2 shows the mean value of haemoglobin 

(Hb), haematocrit (HCT), white blood cell (WBC) and 

Platelet (PLT) count. 

 

The mean Hb and HCT were significantly lower 

in the SCA group, (p < 0.001). 

 

The mean ±SD WBC count was significantly 

higher in the SCA group; SCA-(12.93 ±3.14x109/L), 

controls- (5.57 ±1.73x109/L); (P< 0.001). 

 

There was also a significantly higher mean 

platelet count in the SCA group; (P< 0.001). 

Table 2: The mean haematological parameters of subjects and controls 

Haematological 

Parameters 

SS AA   

Mean ±SD Mean ±SD t-test P-value 

Hb (g/dL)  8.37 ±1.77  16.03 ±2.71  -12.981  <0.0001  

HCT (%)  23.57 ±5.60  41.93 ±5.36  -12.971  <0.0001  

WBC (x109/L)  12.93 ±3.14  5.57 ±1.73  11.240  <0.0001  

MCV (fl)  86.73 ±10.19  82.60 ±8.11  1.735  0.088  

MCH (pg)  31.16 ±4.68  31.89 ±3.88  -0.658  0.513  

MCHC (g/dL)  35.05(1.57)  41.55(10.35)  550.000  0.139*α  

Reticulocyte (%)  8.11 ±3.16  2.00 ±0.46  10.499  <0.0001  

PLT (x109/L)  406.33 ±139.48  268.00 ±85.18  4.636  <0.0001  

Α: Independent Sample t-test, *Mann-Whitney test, Median (Interquartile Range) 

MCV: Mean Corpuscular Volume; MCH: Mean Corpuscular Haemoglobin; MCHC: Mean Corpuscular Haemoglobin 

Concentration 

 

Table 3 shows the mean serum homocysteine 

levels of subjects and controls. There was significant 

difference between the mean serum homocysteine levels 

of the study group and control group when compared, 

with p value < 0.0001. 

 

Table 3: Mean serum homocysteine levels of subjects and controls 

Homocysteine (µmol/L)  Min., Max.  Mean ±SD  t-test  P-value  

HbSS  7.01, 11.39  9.72 ±0.96  14.872  <0.0001  

HbAA  4.06, 7.58  6.19 ±0.88      

Independent Sample t-test 
 

DISCUSSIONS 
This is a study done in patients with sickle cell 

anaemia visiting the Haematology Department of 

Ahmadu Bello University Teaching Hospital Zaria, 

Kaduna, Nigeria. 60 participants were studied, 30 sickle 

cell and 30 healthy controls. The median age of the 

subjects was comparable to that obtained by Ebele et al., 

[17], and Ugwu et al., [18], who worked independently 

in Lagos and Ebonyi States of Nigeria respectively. This 

indicates that the subjects were older than the presumed 

age (paediatric age group) of death. This may be due to 

introduction of public health measures such as penicillin 

prophylaxis, vaccinations and hydroxyurea that 



 
 

Atiku GM et al, Cross Current Int J Med Biosci, Mar-Apr, 2026; 8(2): 35-40. 

Published By East African Scholars Publisher, Kenya                      39 

 

contributed to an impressive decline in SCD-related 

childhood mortality [19]. 

 

SCA is an inherited autosomal recessive 

disorder characterized by a hypercoagulable state, and 

multiple factors contribute to it pathophysiology. 

Increased serum homocysteine levels have been linked 

with thrombo-embolic phenomena in these group of 

patients and some previously published studies have 

reported the abnormal homocysteine [20]. This study 

reported statistically significantly higher serum 

homocysteine levels among HbSS subjects (9.72 ±0.96 

µmol/L) when compared with that of HbAA controls 

(6.19 ±0.88 µmol/L) with a p-value of p < 0.0001, even 

though all were with in normal range. This is similar to a 

study conducted in India by Kamble et al., [21], which 

also revealed a significantly higher mean serum 

homocysteine in the HbSS arm. Additionally, studies by 

Raouf et al., [22], in Egypt, Ebele et al., in Nigeria [17], 

which were performed independently found significantly 

higher mean serum homocysteine in the sickle cell 

subjects. 

 

These studies however, contrast with a survey 

in Ibadan by Olaniyi et al., [23], in which 60 HbSS 

subjects were studied (30 in VOC and 30 in steady state); 

the mean plasma homocysteine level was significantly 

lower in HbSS subjects when compared with the HbAA 

control group. The mean value of homocysteine levels in 

VOC was 6.34±0.72 as compared to those in steady state, 

5.24±0.59. Olaniyi argued that this finding could be as a 

result of a high compliance rate among HbSS subjects 

with folic acid intake as folate supplementation has been 

shown to reduce serum homocysteine levels even in the 

presence of folate deficiency [23]. It is also possible that 

the higher mean serum homocysteine in the HbSS arm of 

this study could be due to poor compliance with folic 

acid. This is because 70% of the subjects had history of 

skipping doses in their last six months before enrolment. 

 

Another possibility is that the concentration of 

folate required to normalize homocysteine levels in 

individuals with HbSS may be higher than in HbAA 

individuals since they have a higher nutritional 

requirement for folic acid than the general population. 

 

Furthermore, it is a known fact that the kidneys 

play a vital role in homocysteine metabolism [24], 

therefore, an impaired renal function which is not 

unexpected in HbSS patients could be a cause of 

increased homocysteine levels reported in some of the 

SCA patients in this study. 

 

Taking into consideration the relationship 

between elevated serum homocysteine and 

hypercoagulability/thrombosis in SCA in previous 

studies, and the finding in the current study of increased 

plasma homocysteine, it is of paramount importance that 

patients with elevated homocysteine be evaluated more 

often and treatment with combination B-vitamin therapy 

instituted as soon as possible in order to prevent the 

various complications associated with 

hyperhomocysteinaemia. 

 

CONCLUSION 
Subjects with HbSS had significantly higher 

mean serum homocysteine when compared with HbAA 

controls. Studies incorporating HbSS patients in crisis 

and relating serum homocysteine with disease severity 

are recommended. 

 

REFERENCES 
1. Wastnedge E, Morrison K, Adeloye D, Rudan I. The 

global burden of sickle cell disease in children under 

five years of age. Journal of Global Health 

2018;8(2):7-11 

2. Scott D, Isaac O. Sickle cell disease in Africa. 

American journal of preventive Medicine 

2011;41(6):398-405. 

3. Emechebe G, Nnamdi B. Sickle Cell Disease in 

Nigeria. Journal of Dental and Medical Sciences 

2017;(16):87-94.  

4. Habara A, Steinberg M. Minireview Genetic basis 

of heterogeneity and severity in sickle cell disease. 

Experimental Biology and Medicine 2016;(10):689-

696. 

5. Inusa B, Kohli N, Patel A, Ominu-evbota K. Sickle 

Cell Disease: Genetics, Pathophysiology, Clinical 

Presentation and Treatment.International Journal of 

Neonatal Screening.2019;20(5):1-15. 

6. Lanzkron S, Carroll PC, Haywood C. Mortality 

Rates and Age at Death from Sickle Cell Disease: 

U.S.,1979 - 2005. Public Health Reports. 

2013;128(2):110 – 116. 

7. Loureiro M, Rozenfeld S. Epidemiology of Sickle 

Cell Disease hospital admissions in Brazil. Rev 

Saude Publica [Online]. 2005;39(6). Available 

from: http://www.scielo.br/scielo.php? [Accessed 

24th March, 2022]. 

8. Adekile A. What’s new in the pathophysiology of 

sickle cell disease. Medical Principles and Practice. 

2013;22(4):311–312. 

9. Colombatti R, De Bon E, Bertomoro A, et al. 

Coagulation activation in children with sickle cell 

disease is associated with cerebral small vessel 

vasculopathy. PLoS One. 2013; 8:311–318. 

10. Nnodim J, Udujih U, Nwaokoro J. Alteration of 

homocysteine in sickle cell anaemia. Journal of 

Medical and Biological Science Research. 

2015;1(4):44-46. 

11. Seema B, Llit M. Hyperhomocysteinaemia and its 

clinical implications. Current Medicine Research 

and Practice. 2014;4(3):10-12. 

12. Toole JF, Malinow MR, Chambless LE, et al. 

Lowering homocysteine in patients with ischemic 

stroke to prevent recurrent stroke, myocardial 

infarction and death: the Vitamin Intervention for 

Stroke Prevention (VISP) randomized controlled 

trial. JAMA. 2004; 291:565–575. 

doi:10.1001/jama.291.5.565. 



 
 

Atiku GM et al, Cross Current Int J Med Biosci, Mar-Apr, 2026; 8(2): 35-40. 

Published By East African Scholars Publisher, Kenya                      40 

 

13. Homocysteine Studies collaboration. Homocysteine 

and risk of ischemic heart diseaseand stroke: a meta-

analysis. JAMA. 2002; 288:2015–2022. 

14. Houston PE, Rana S, Sekhsaria S, Perlin E, Kim KS, 

Castro OL. Homocysteine in sickle cell: relationship 

to stroke. Am J Med. 1997; 103:192–196. 

15. Stamler JS, Osborne JA, Jaraki O, et al. Adverse 

vascular effects of homocysteine are modulated by 

endothelium-derived relaxing factor and related 

oxides of nitrogen. J Clin Invest. 1993; 91:308. 

16. Suprava P, Samapika B. Sickle cell disease and 

folate supplementation. Panacea Journal of Medical 

Sciences. 2019;9(2):39-42. 

17. Ebele U, Oluwaseun A, Akinbani A, Osunkalu V, 

Ismail K, Ogbenna AA, Badiru M,Dosunmu A, 

Oluwole E, Kanson O et al. Serum homocysteine 

and disease severity in sickle cell anaemia. Journal 

of Blood Medicine. 2019;10(4):127-134. 

18. Ugwu NI, Manafa PO, Agina SE, Onah CE, Okocha 

EC. Evaluation of homocysteine status and its 

Correlation with disease severity in individuals with 

sickle cell anaemia in steady state. West Afr J.Med. 

2023;40(4):382-388. 

19. Chijioke A, Kolo P. The longevity and clinical 

pattern of adult sickle cell anaemia in Ilorin. 

European J of Scientific Research. 2009;32(1):119-

122. 

20. Durand P, Prost M, Loreau N, Lussier-Cacan S, 

Blache D. Impaired homocysteinemetabolism and 

atherothrombotic disease. Lab Investig. 

2001;81(5):645–72:10-22. 

21. Kamble CJ, Hisalkar CJ. Homocysteine Level 

Variations in Sickle Cell Disease. Indian J Med 

Biochem 2020;24(3):104-114. 

22. Ahmad A, Raouf, Mona M. Effects of 

Homocysteine and Folic acid on Vaso-occlusive 

crisis in children with sickle cell disease. 2018; 

43:115-118.  

23. Olaniyi J, Akinlade K, Atere A, Arinola O. Plasma 

homocysteine, methyl-malinic acid vitamin B12 and 

folate levels in adult Nigerian sickle cell anaemia 

patients. Br J Med Res. 2014; 4: 1327-1334. 

24. Ajuluchukwu J, Oluwatowoju I, Adebayo K, 

Onakoya A. Plasma Total Homocysteine in Diverse 

Cardiovascular Diseases in Urban Africans. World J 

Life Sci Med Res. 2011; 1:126-132. 

 


