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Purpose: Hypercoagulability in sickle cell anemia (SCA) may be responsible for the

increased development of vascular occlusion in certain organs as well as acute pain episodes.

The causes of hypercoagulability in SCA are multifactorial and include raised homocysteine

levels. This study, therefore, aimed to determine serum homocysteine levels in SCA patients

in steady state and to correlate its levels with SCA disease severity.

Patients and Methods: This was a cross-sectional study done among SCA patients in

steady state attending the Haematology Clinic of the Lagos State University Teaching

Hospital (LASUTH). Matched age and sex HbAA controls were also recruited. Serum

homocysteine of each participant was done with enzyme-linked immunosorbent assay and

disease severity score assessed in every SCA patient using clinical and laboratory

parameters.

Results: The mean value for homocysteine in the study group (SCA patients) was 19.80

±19.75 µmol/L whilst that of the control group was 9.16±4.29 µmol/L. Thirty-nine out of 96

(46.6%) SCA patients had elevated homocysteine levels (>15 µmol/L) whilst all 96 partici-

pants in the control group had normal homocysteine levels. The difference in the means in

the two groups was statistically significant with p=0.001. Majority (62.5%) of the SCA

patients had a mild disease (severity score ≤3). There was a significant correlation between

serum homocysteine levels and disease severity scores with p=0.04; χ2=4.04.

Conclusion: Homocysteine levels were significantly higher in HbSS patients compared with

matched HbAA controls and showed a positive correlation with disease severity scores in the

SCA patients.
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Introduction
Sickle cell anemia (SCA) is the most common form of sickle cell disease1 and

worldwide, it is one of the commonest inherited disorders.2–5

The prevalence of sickle cell disease is highest in sub-Saharan Africa.2,4,6

Current studies demonstrate that over 230,000 affected children are born in this

region annually which is an estimated 80% of the global total.4,6

Globally, Nigeria has the highest prevalence of the disease with reported pre-

valence values of between 2% and 3%.1,4

Sickle cell disease is a multi-systemic disorder and2–5 occurs when an individual is

homozygous for the sickle cell mutation (HbSS or SCA) or is compound heterozygote

for the sickle hemoglobin and β-thalassemia, hemoglobin C, and some less common β-
globin mutations.7 SCA is the most common form of sickle cell disease. Hemoglobin

S is produced by a mutation in the HBB gene (Beta-globin gene) located on
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chromosome 11p15.5in which the 17th nucleotide is changed

from adenine to thymine (GTG→GAG),7 resulting in the

substitution of valine for glutamic acid normally at the

sixth position of the amino terminus of the β chain of

hemoglobin.

The manifestations seen in SCA are as a result of two

major pathophysiological processes: vaso-occlusion with

ischemia-perfusion injury and hemolytic anemia.4

Hypercoagulability in SCA may be responsible for the

increased development of vascular occlusion in certain

organs7,8 and acute pain episodes.7,9 The causes of hyper-

coagulability in SCA are multifactorial. Factors such as

increased plasma levels of homocysteine, reduced levels of

natural anticoagulants like Protein C and S,10 increased

levels of thrombin generation markers like thrombin-anti-

thrombin complexes or protein fragment 1+2 (F1+2),11

increased D-dimer complexes, circulating antiphospholi-

pid antibodies, increased tissue factor expression and

adherence of sickled erythrocytes to antibodies, increased

tissue factor expression and adherence of sickled erythro-

cytes to the vascular endothelium, Factor V Leiden and

Prothrombin gene mutation have all been implicated.12,13

Homocysteine is a highly reactive sulfur-containing

amino acid which is known to cause endothelial injury,

endothelial dysfunction, and thrombin formation.14 Studies

have revealed that elevated plasma total homocysteine

may result from a deficiency of folate and vitamin B12

and could, therefore, be used as a surrogate marker of

folate and cobalamin (vitamin B12) deficiency.15,16

Elevated plasma homocysteine levels are also associated

with increased risk of cardiovascular diseases such as

atherosclerosis, coronary artery disease, and ischaemic

stroke.17,18 Homocysteine has also been proposed as

a hemolytic toxin.19 Although the precise mechanism of

the hemolytic effect of homocysteine is not clear, its pro-

oxidant attributes have been suggested as a cause.

There are multiple mechanisms by which homocys-

teine may induce vascular injury. Oxidative stress by free

radicals formed during the oxidation of reduced homocys-

teine may directly injure endothelial cells.20 The pro-

thrombotic effects of homocysteine such as a reduction

of endothelial cell tissue plasminogen activator binding

sites, activation of factor VIIa and V, inhibition of protein

C, increased fibrinopeptide, impaired thrombomodulin

function, and increased blood viscosity have been demon-

strated in acute coronary syndromes.21–23 Marked platelet

accumulation may be secondary to direct pro-aggregatory

effects of homocysteine or an impairment in endothelium-

mediated platelet inhibition.24 Also, the thiolactone meta-

bolite of homocysteine can combine with LDL-cholesterol

to produce aggregates which are taken up by vascular

macrophages in the arterial intima and are subsequently

released lipid into atherosclerotic plaques.25

Homocysteine also increases smooth muscle cell prolif-

eration and enhances collagen production. Furthermore,

persistent exposure of endothelial cells to homocysteine

reduces the activity of dimethylarginine dimethylaminohy-

drolase enzyme which degrades dimethylarginine, an endo-

genous inhibitor of nitric oxide synthase which impairs the

production of nitric oxide which is a potent vasodilator.24

The effect of impaired nitric oxide release can then trigger

and escalate atherothrombogenesis and oxidative stress.

In individuals with phenotype Hb SS, elevated homo-

cysteine levels have been associated with an increased risk

of hypercoagulability and subsequent thrombosis through

the inhibition of protein C anticoagulant pathway which

may contribute to the pathogenesis of several SCD-related

complications such as stroke.26–30

Measurement of disease severity in

individuals with SCA
There is currently a general lack of consensus on the

definition of disease severity and the best way or “gold

standard” to measure this concept.31,32 Some researchers

have however suggested “severity scores”, though none

adequately encompasses severity of disease.33–36 This is as

a result of the complex relationships that exist between

clinical and laboratory measures of disease expression and

the need to identify genetic variants that impact the sever-

ity of the disease.37,38 Furthermore the effect of geogra-

phical, socio-economic, and environmental factors which

are recognized modifiers of disease severity also have to

be put into consideration.39

Furthermore, a systematic review done revealed that

composite indices incorporating clinical events, laboratory

tests, and treatment data have been used by several

researchers to measure overall disease severity, though

with variability observed in the methodological quality of

these indices.32 The analysis revealed that about 55 indices

were used but the five most frequently used variables were

painful vaso-occlusive crises (87% of the indices), central

nervous system abnormalities, ie, CVD, cerebral vasculo-

pathy, seizures, encephalopathy (67%), aseptic/avascular

necrosis of the bones (53%), acute chest syndrome

(43%), and number of blood transfusions (40%).
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However, many of the indices used in this review were

found to be confounded by factors beyond the severity of

the disease especially health care interventions.32

A study conducted among children with SCA in south-

western Nigeria over a one-year period, assessed a total of

15 parameters to reflect each patient’s present state their

state during the previous one year and lifetime

complications.39 These parameters were scored according

to the frequency of occurrence and severity with scores

ranging from 1 to 5. The total score was then calculated

for each child (range from 0 to 34), and the disease was

classified as mild when the total score was <8, moderate was

8–17, and severe when the total score was >17.39 Another

study done among Nigerian subjects with SCA in steady

states, estimated the disease severity scores using three

indices; mean crisis per year, number of organ (system)

complications, and degree of anemia after subjects were

examined clinically and hospital records reviewed.40 The

complications analyzed included: anemic heart failure,

osteomyelitis, avascular necrosis of the femoral head,

lobar pneumonia, pigment gall stones, growth retardation,

liver failure, renal failure, and recurrent seizures after

a cerebrovascular accident. The severity scores were cate-

gorized as mild, moderate, or severe. Subjects with a total

severity score of ≤3 were considered to have a mild disease,

4–7 were classified as moderate and >7 deemed to have

a severe disease.40

Therefore, it is imperative to have a universally

accepted method of measuring disease severity in sickle

cell patients which would allow a reliable prognosis and

could guide therapeutic decision-making.

This study aimed to determine serum homocysteine levels

in HbSS patients in steady state as well as in age and sex-

matched controls. It also determined the disease severity scores

of the patients and assessed the relationship between serum

homocysteine levels in HbSS patients and disease severity.

Material and methods
Study area and population
The study was done among SCA patients attending the

adult Haematology Clinic of the Lagos State University

Teaching Hospital (LASUTH) Lagos, Nigeria. Apparently

healthy individuals were used as controls.

Study design
This study was cross sectional and hospital based involving

SCA patients in steady state and matched HbAA controls.

Study period
The study was carried out over a period of eight months

from May 2016 to December 2016

Sampling technique
Purposive non-probability sampling technique was used to

recruit presumably healthy staff and students of LASUTH

Ikeja with hemoglobin phenotype AA. Only individuals with

hemoglobin phenotype AAwere used as the control popula-

tion. A sampling frame containing the list of individuals with

SCA attending the adult Haematology Clinic in LASUTH

was drawn and subjects were selected randomly. However,

only individuals with a hemoglobin electrophoresis result

showing the S band only were enrolled in the study.

Inclusion criteria

1. Age between 18 and above.

2. Known SCA patients (screened by the hemoglobin

S solubility test and diagnosed by cellulose acetate

electrophoresis at pH 8.6) who were in steady state.

Steady state was defined as the period free of crisis

extending from at least three weeks since the last

clinical event and three months or more since the

last blood transfusion, to at least one week before

the start of a new clinical event.41

3. Hemoglobin AA persons (confirmed by cellulose

acetate electrophoresis at pH 8.6).

4. Those who met the above criteria and agreed to partici-

pate in the study by signing the informed consent form.

Exclusion criteria

1. Confirmed Hb phenotype AC, AS.

2. Individuals with a history of acute or chronic illness

eg, febrile illness, hypertension, epilepsy, asthma,

diabetes mellitus.

3. Intravenous drug abusers.

4. Participants who refused to give consent.

5. SCA patients in crisis

Ethical considerations
Ethical approval was obtained from the Health Research and

Ethics Committee of the Lagos State University Teaching

Hospital prior to the commencement of the study and con-

ducted in accordance with the Declaration of Helsinki.

Participants’ informed consent
A written informed consent was obtained from all the

participants before being recruited into the study.
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Questionnaire administration and history

taking
Each participant was interviewed to obtain relevant demo-

graphic and clinical data with the use of a questionnaire. The

questionnaire was administered to each participant by the

researcher. Information on the subjects and their medical

history including disease complications were retrieved from

their case notes.

Assessment of disease severity score

The disease severity score was assessed using a modified

scoring system by Hedo et al.42,43 (Table 1).

The total severity score was calculated as Mild SCA

[≤3], Moderate SCA [>3 but ≤7], and Severe SCA [>7].42,43

Specimen collection and storage
Eight milliliters of venous blood was drawn from each subject

after informed consent. This was done from an intravenous

access (the antecubital vein was mostly used) and under

aseptic conditions with the use of a disposable vacutainer

needle. Five milliliters of this was dispensed into sodium

ethylene diamine tetra-acetate (EDTA) specimen bottles.

This sample was used for a full blood count using the auto-

mated Sysmex autoanalyzer machine. This was analyzed

within 2 hrs of collection. Some of the blood collected in the

EDTA specimen bottle was used for cellulose acetate electro-

phoresis test to confirm the Hb phenotypes of all the subjects.

Three milliliters of blood was transferred into plain

tubes and put on ice for homocysteine estimation using

enzyme-linked immunosorbent assay kit from Elabscience

with manufacturer’s instructions strictly followed.

Results
Age and gender
This was a cross-sectional study of 192 participants consisting

of 96 individuals with SCA (cases) and 96 with HbAA geno-

type (controls). A total of 202 participants were initially

recruited into the study. Ten participants were excluded from

the study altogether, seven on the basis of their hemoglobin

genotype while the others had incompletely filled

questionnaires.

Overall, the minimum age was 18 years and the maximum

59 years with a mean of 30.48±11.16 years. A total of 102

were females (53.1%) while 90 (42.9%) were males. Amongst

the cases, 51 (53.1%) were females and 45 were males

(46.9%) and their mean age was 29.33±10.37 years. The

control group was exactly the same in number and gender

distribution with the cases (Table 2).

Serum homocysteine levels
The mean homocysteine value amongst the SCA patients

was 19.80±19.75 µmol/L and 39 out of 96 of them

(46.6%) had elevated homocysteine levels (>15 µmol/L).

All subjects in the control group (100%) had normal

homocysteine levels and the mean value in this group

was 9.16±4.29 µmol/L. The mean values of both cases

and controls were statistically significant with a p-value of

0.001 (Table 3)

Table 1 Modified disease severity scoring system for sickle cell

anemia

Clinical and laboratory features Score

Crisis number(s)

per year

0–1

[0]

2–3 [1] ≥4 [2]

Acute chest syndrome Yes [1] No [0]

Osteomyelitis Yes [1] No [0]

Renal failure Yes [1] No [0]

Heart failure Yes [1] No [0]

Avascular necrosis of

femoral head

Yes [1] No [0]

Pneumonia Yes [1] No [0]

Pigment gallstone &

Jaundice

Yes [1] No [0]

Dehydrated Yes [1] No [0]

Anemia Hb ≥10 g/dL [0] Hb≥8<10 g/

dL [1]

Hb≥6<8 g/

dL [2]

Hb≥4<6 g/

dL [3]

Hb<4 g/dL

[4]

Total severity score

Notes: Data from Hedo et al .42 The values in brackets are scores for each

participant's answers and results and the total severity score summed up from

these values.

Table 2 Age and gender distribution of study participants

Variables Cases
(HbSS)
frequency
percentage

Controls
(HbAA)
frequency
percentage

χ2 p-value

Age (years)

<20 20 (20.8) 19 (19.8)

21–30 42 (43.8) 33 (34.4) 1.433 0.153

31–40 21 (21.9) 20 (20.8)

>40 13 (13.5) 24 (25.0)

Gender

Males 45 (46.9) 45 (46.9) 0.001 1.000

Females 51 (53.1) 51 (53.1)

Notes: Bold values indicate the levels of statistical significance.
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Disease severity scores
Majority of the subjects 60 (62.5%) had a disease severity

score ≤3 (mild), while the remaining 36 (37.5%) had

a moderate disease severity score of 4–7 (Table 4).

Homocysteine and disease severity

scores in individuals with SCA
A statistically significant relationship was established

between serum homocysteine levels and disease severity

scores in subjects with SCA with a p-value of 0.04;

χ2value of 4.04 (Table 5).

Discussion
SCA is a genetic disease characterized by a hypercoagulable

state, and the pathogenesis is considered to be multifactorial.

Elevated homocysteine levels have been identified as an

independent risk factor for thrombo-embolic complications

observed in this subset of individuals. Abnormal homocys-

teine levels have been reported in some published data in

patients with SCA.29 This study reported statistically signifi-

cantly higher serum homocysteine levels among the HbSS

subjects (19.80±19.75 µmol/L) in comparison to that of

HbAA controls (9.16±4.29 µmol/L) with a p-value of

0.001. This is similar to a study conducted among adults

with SCA receiving care at a New York Hospital which

reported significantly higher homocysteine levels in patients

with SCA compared to control subjects.44 Another study45

by Lowenthal et al, also observed elevated concentration of

homocysteine in patients with SCA in spite of their elevated

plasma folate and vitamin B12 levels which was similar to

that found in controls. These studies, however, are at variance

with a survey in Ibadan by Olaniyi et al46 in which 60 HbSS

subjects were studied, and the mean plasma homocysteine

level was found to be significantly lower in HbSS subjects

when compared with the HbAA control group (p<0.001).

Similarly, a study47 which evaluated children with SCA

reported homocysteine levels similar to that of control sub-

jects, and there was no correlation between their levels of

homocysteine and red cell folate concentration and clinical or

laboratory measures. Therefore, in this present study, it is

plausible that the concentration of folate required to normal-

ize homocysteine levels in individuals with SCA may be

Table 3 Comparison of proportions and mean homocysteine levels of cases and controls

Group Normal homocysteine level (5–15
µmol/L)
N (%)

Elevated homocysteine level
(>15 µmol/L)
N (%)

Total
N (%)

Mean
(±SD)

p-value

Cases

(HbSS)

57 59.4 39 40.6 96 100 19.80±19.75 0.002

Controls

(HbAA)

96 100 0 0 96 100 9.16±4.29

Notes: Bold values indicate the levels of statistical significance.

Table 4 Distribution of disease severity scores among individuals

with sickle cell anemia

Disease severity
score

Number of sub-
jects
N

Percentage

≤3 (Mild) 60 62.5

4–7 (Moderate) 36 37.5

>7 (Severe) 0 0.0

Table 5 The relationship between serum homocysteine levels and disease severity scores in HbSS subjects

Serum homocysteine
levels

Disease severity
score ≤3
(Mild)

Disease severity score 4–7
(Moderate)

Total χ2 p-value

N (%) N (%) N (%)

Normal (5–15 µmol/L)

42 (73.7) 15 (26.3) 57 (59.4) 4.041 0.044

Elevated (>15 µmol/L)

21 (53.8) 18 (46.2) 39 (40.6)

Notes: Bold values indicate the levels of statistical significance.
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higher than in normal subjects since they have a higher

nutritional requirement for folic acid than the general

population.

In addition, the kidneys play an important role in the

metabolism of homocysteine,48, therefore, an impaired

renal function which is not an uncommon finding in sickle

cell anemia patients could be a cause of increased homo-

cysteine levels reported in this study.

Individuals with SCA are known to demonstrate great

clinical diversity. Indeed, variability can also occur between

patients and even within the same individual. The clinical

spectrum of the disease could range from mild asympto-

matic disease to persistent severe life- threatening condi-

tions associated with multiple organ dysfunction. Our study

calculated the disease severity state based on 10 parameters

derived from physical examination, laboratory investiga-

tions and findings retrieved from hospital records. The

parameters analyzed were a number of crisis per year,

acute chest syndrome, osteomyelitis, renal failure, heart

failure, avascular necrosis of the femoral head, pneumonia,

pigment gallstones and jaundice, dehydration and hemoglo-

bin levels. The total severity score was calculated as Mild

SCA [≤3], Moderate SCA [>3 but ≤7], and Severe SCA

[>7].42,43 Most (62.5%) of the subjects in our study had

a mild disease severity score. This finding is contrary to

observations from a study40 done among 73 steady-state

HbSS individuals attending the Sickle cell disease clinic at

the University College Hospital, Ibadan, Nigeria which

reported a mild disease severity score in only about 25%

of the patients. In evaluating the clinical severity of SCA in

Nigerian children, Adegoke and Kuti39 assessed a total of

15 parameters to reflect each patient’s present clinical state,

their clinical state during the previous one year and lifetime

complications. They reported a moderate disease severity

score in most of the children.

Similar to our study, research done among children

with SCA in Yemen,49 Senegal,50 and Saudi Arabia51

reported that most had a mild disease severity score.

Possible reasons for this difference in disease severity

scores could be that some of the study participants may

have taken vaccinations against pneumococcal infections

which reduces the incidence of pneumonia, or some could

be on hydroxyurea which decreases painful crisis. It could

also possibly be related to an inheritance of β-globin haplo-

types associated with a mild disease or a co-inheritance with

α-thalassemia also associated with mild disease.

We established a statistically significant relationship

between serum homocysteine levels and disease severity

scores in subjects with SCA. This is similar to a study by

Houston et al, who documented a statistically significant

relationship between plasma homocysteine levels and dis-

ease severity in individuals with SCA.26

Similarly, a direct correlation between plasma homo-

cysteine levels and frequency of vaso-occlusive crisis and

disease severity was seen in an evaluation of 30 patients

with SCA recruited from Ibn-Al-Baldy Hospital in Iraq.14

However, in contrast, Rugani MA in his study did not

report a significant correlation between serum homocysteine

and severity of the vaso-occlusive crisis in sickle cell disease.52

It could be inferred that elevated homocysteine levels

observed in this present study could be a contributory factor

to the development of hypercoagulability and vaso-

occlusion resulting complications seen in the HbSS sub-

jects. However, it is known that patients with nutrient defi-

ciencies eg, vitamin B12 and B6, as well as folate

deficiency, have elevated levels of homocysteine. Patients

with elevated homocysteine levels may need to be evaluated

regularly and treatment with combination B-vitamin ther-

apy instituted in order to prevent the myriad of complica-

tions associated with hyperhomocysteinuria.

However, presently no clinically salient pro-

atherogenic homocysteine concentration threshold has

been identified for improved targeting of individuals who

may benefit from this combination therapy.53

Study limitations
1. This study measured serum homocysteine levels

among the subjects as an indirect index of folate

lack; the effects of other nutrients deficiency such

as vitamin B12 and riboflavin were outside the

scope of this work and could have impacted on

the results obtained in this study.

2. Furthermore, in the folate metabolism pathway,

there are other metabolic enzymes and co-factors,

which are coded by genes and whose mutations

could result in elevated serum homocysteine levels

which may hypothetically contribute to the severity

or differential phenotypic expression in adults with

phenotype Hb SS but were also outside the scope of

this study.

Conclusion
Subjects with SCA had significantly higher mean serum

homocysteine when compared with controls. A significant

relationship was established between serum homocysteine

levels and disease severity scores in subjects with SCA.
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