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Abstract

Background: Socioeconomic status (SES) impacts dietary choices and poor dietary pattern has been reported to play a role in the etio-
pathogenic mechanisms that give rise to various diseases. Objective: The study is designed to explore the relationship between parental
SES and both the dietary habits and disease severity markers among sickle cell disease (SCD) pediatric patients. Methods: Participants’
hemoglobin genotypes and hematocrit levels were determined using standard methods. Questionnaire was administered to the partici-
pants to obtain information on qualitative parameters. Descriptive and inferential statistics were used for data analysis. Significant level
was set with P < .05. Results: A high percentage of parents of SCD participants were of medium to high SES [73.33%- HbSC; 64.29%-
HbSS]. While the rates of hospitalization of HbSS (92.85%) and HbSC (66.67%) were dissimilar, the rates of patients that had suffered
vaso-occlusive crisis (VOC) in the last three months prior to the study were comparable [46.67%-HbSC; 53.57%-HbSS]. The daily
fruit/vegetable consumption habits of 3 genotypes were poor ranging from 15-25%. The hematocrit levels of the 3 groups were signifi-
cantly different. Conclusion: The study suggests that high percentage of patients belong to medium-high SES, signifying that educational
background of parents did not impact prevalence of the disease.
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1. Introduction

Sickle cell anemia (SCA) is an autosomal recessive genetic disorder that occurs from abnormality in the hemoglobin 3 gene which en-
codes hemoglobin 8 chain [1-3]. Hemoglobin molecule is a heterotetramer composed of four hemoglobin chains (two a and two ). The
severe form of sickle cell disease (SCD) results from the inheritance of two sickle f hemoglobin gene. Defective hemoglobin chains
within the red blood cell cause rigidity and alteration of its shape [4,5]. The disease has high prevalence among people of sub-Saharan
African, Indian, Saudi Arabian, or Mediterranean ancestry. Annually, on global scale as many as 300,000 infants are born with major
hemoglobin disorders [6]; Africa has the highest burden of the disease with over 200,000 cases of sickle-cell anemia newly recorded
among infants yearly.

The term sickle cell disease (SCD) is used to include a group of related B-hemoglobinopathies characterized by the predominance of
sickle hemoglobin (HbS) within erythrocytes. HbS tend to polymerize upon deoxygenation [7], and this peculiar feature brings about all
the pathophysiology of SCD. Repeated polymerization of red blood cell (RBC) that occurs from cycles of oxygenation and de-
oxygenation in circulation destroys erythrocyte membrane [8,9]. This eventually results in dehydration and inflexibility of RBC as well
as a greatly shortened lifespan of erythrocytes. The ultimate consequence is a chronic hemolytic anemia, and a tendency for microvascu-
lar obstruction or vaso-occlusion (VOC). The chronic inflammatory response and endothelial dysfunction that were identified as im-
portant features of SCD have been linked with ischemia, infarction, and ischemia-reperfusion injury of multiple organs and tissues
[10],[11].

Improved survival rate has transformed SCD which was once considered a fatal disease of children into a chronic disease through early
detection, preventive measures, and disease-modifying therapies [10]. The increased survival rate therefore suggests that many SCD
affected children may attain to adulthood. Nigeria, the most populous nation in the continent has a large number of individuals that are
carriers of the disease (HBAS), which has been estimated to be as high as 24% of the population. Meanwhile the prevalence of sickle-cell
anemia (HbSS) is about 3% according to a report of survey (newborn screening program) carried out in a region in Nigeria [12].

In Nigeria, some of the methods adopted to address or prevent the unfortunate occurrence of this genetic disease in the offspring are di-
verse, although for majority of the people, information about disease prevention is received in informal settings (e.g. during religious
services, in motor parks, and in market places), mostly provided by non-governmental organizations. Additionally, those with the benefit
of high school education seem to have an advantage of being further furnished concerning information relating to metabolic alteration
associated with the disease, its pattern of inheritance, and means of preventing its various complications as well as its overall manage-
ment, since a couple of these important steps have been incorporated into educational curricula of elementary to higher levels of educa-
tion. There is the need therefore to investigate socio-economic status/educational status of parents of SCD patients. Additionally, it be-
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comes imperative to study the role parental SES plays in frequency of VOC, rates of hospitalization and dietary habits of SCD children.
Especially, as it has been documented that dietary pattern is determined by SES and can play a role in modulating severity of many dis-
eases. Moreover, it is not surprising that SES is linked to disease severity, both have been associated with various distressing pathologi-
cal and physiological alterations [13], [14].

2. Materials and methods

2.1. Ethical issues

Ethical approval for the study was given by the Osun State Ministry of Health, Osogbo. Additional ethical issues were resolved by ob-
taining informed consent (written) from the parents, guardians or caregivers as well as getting the assent of children who were 7 years
and above. Adequate discretion was upheld about all data derived from the study; strict confidentiality of all information supplied by all
study participants was maintained.

2.2. Study participants, sampling technique, study design, and PCV estimation

While the study design was cross-sectional comparative in form, sampling for enrollment of all participants was carried out using multi-
stage random selection technique. At the Haematology and Outpatient clinics of Obafemi Awolowo University Teaching Hospital Com-
plex (OAUTHC) lle-Ife; Wesley Guild Hospital, llesha; and Osun State University Teaching Hospital Osogbo (UTH), Nigeria, pediatric
SCD [HbSS, HbSC] patients were enrolled for the study as test participants whereas the non-SCD served as control group. The partici-
pants in the control group were enrolled at the Outpatient Department (OPD) where each of them came in for minor medical complaints
such as minor aches and pains, medical certificate of fitness for school enrollment, etc. A detailed medical history of all participants was
taken. The hemoglobin genotype of each participant was determined using the cellulose acetate hemoglobin electrophoresis. A total of 63
children below the age of 18 years were recruited. Three mL of the blood was collected for hematocrit estimation and Hb electrophoresis.
The blood was collected into an anticoagulant bottle containing dipotassium ethylenediamine tetra-acetic acid. Hematocrit estimation
was done using standard technique, i.e. the microhaematocrit method (Haematospin 1400, Hawksley & Sons, Sussex, England).
Individually, questionnaire was administered to the participants to obtain information on age, gender, parental socioeconomic status,
dietary habits [specifically fruit/vegetable consumption habit] or disease severity markers [packed cell volume, absence or presence of
vaso-occlusive crisis, rate of hospitalization] and clinic attendance in the preceding 3 months before the participants were enrolled for the
study. Parents’ socioeconomic status was determined by the method of Oyedeji [15]. Socioeconomic level was categorized into 3, name-
ly low, medium and high. With respect to absence or presence of vaso-occlusive crisis; patients were categorized into 3- steady [without
VOC], VOC [undergoing VOC], and post-VOC [recovered from VOC].

2.3. Statistical analysis

Data were analyzed using the Statistical Package for Social Sciences (SPSS) version 26. (Armonk, NY: IBM Corp). Qualitative data was
expressed as relative frequency. The results of packed cell volume [PCV] were summarized as mean + standard deviation. Comparison of
means of quantitative data was determined using analysis of variance (ANOVA). LSD post hoc tests were carried out for paired compari-
son. For categorical variables, the Chi-squared test (Fisher’s exact test, if indicated) was used for the test the degree of association. Sig-
nificant levels were set with P < 0.05.

3. Results

Table 1 is the summary of data on SES, disease severity markers and fruit/vegetable consumption habits of study participants. Only 5%
HbAA patients had parents in low SES rather than higher percentages of 26.67% and 35 .71% for HbSC and HbSS respectively. Moreo-
ver, only 7.14% of HbSS as against 33.33% of HbSC had not been hospitalized in relation to complications arising from SCD. Mean-
while, the daily fruit/vegetable consumption habits of study participants were only 15% (HbAA); 26.67% (HbSC); and 25% (HbSS). On
the other hand, 46.67% (HbSC) and 53.57% (HbSS) had suffered VOC in the three months prior to the study participant recruitment. In
Fig. 1, the hematocrit levels of the study participants are expressed with the HbSS and HbSC showing statistically lower level compared
with HbAA; HbSS was also significantly lower than HbSC.

Chi square results revealed that there was no difference in the distribution of parental SES (X2= .849; p= .654), rate of hospitalization
(X2=5.826; p=.054), fruit/vegetable consumption (X2=.014; p=.590), clinic attendance (X2=1.149; p=.226), and VOC (X2= .386; p=
.824) with respect to the 2 genotypes. Also, when SES of SCD patients was related to rate of hospitalization (X2= 12.09; p= .017),
fruit/vegetable consumption (X2= 7.715; p=.021), clinic attendance (X2= 76.10; p= .022), and VOC (X2= 8.966; p= .062); only VOC
did not show association with SES. Meanwhile, disease severity marker of hemoglobinopathies (i.e. VOC) showed relationship with
hospitalization (X2= 19.21; p= .001), and fruit/vegetable consumption (X2= 10.71; p=.005) but not clinic attendance (X2= 2.770; p=
.250). For HbSS and HbSC patients, there was association of hospitalization with fruit/vegetable consumption (X2= 11.17; p=.004), but
not clinic attendance (X2=5.327.10; p=.070); even though statistical analysis showed that the relationship between fruit/vegetable con-
sumption and clinic attendance (X2= 6.435; p=.016) was significant

Table 1: Relative Frequency of Qualitative Data of 3 Types of Hemoglobin Genotype

Variables HbAA- relative frequency (%) HbSC- relative frequency (%) HbSS- relative frequency (%)
SES

low 5.00 26.67 35.71

middle 75.00 53.33 53.57

high 20.00 20.00 10.71

Information relating to occurrence of VOC

steady - 53.33 46.43

VOC - 26.67 25.00

Post-VOC - 20.00 28.57

Rate of hospitalization [relating to SCD]
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Never - 33.33 7.14
<1year = 40.00 71.40
>1 year = 26.66 21.43
SCD clinic attendance

No = 40.00 57.14
Yes = 60.00 42.86
Fruit/vegetable consumption habit

0- not daily 85.00 73.33 75.00
1-daily 15.00 26.67 25.00

Abbreviations: HbAA- non-sickle cell disease (control); HbSC- heterozygous sickle cell disease; HbSS- homozygous sickle cell disease; SES-
socioeconomic status; VOC- vaso-occlusive crisis; SCD- sickle cell disease
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Fig. 1: The Concentration of Packed Cell Volume of Hbaa, Hbsc, and Hbss Study Participants. Abbreviations: Hbaa- Non-Sickle Cell Disease (Control);
Hbsc- Heterozygous Sickle Cell Disease; Hbss- Homozygous Sickle Cell Disease.
*- Significant Different from Hbaa, §- Significant Different from Hbsc.

4. Discussion

The severity of the disease on rate of hemoglobin degradation is evident by the significant lower PCV level among the SCD patients
compared with control and support earlier observations by various authors [5], [16], [17]. Generally it has been established that increased
oxidized lipids and a greater tendency for lipid peroxidation is associated with SCD compared with HbAA containing erythrocytes [18,
19]. This no doubt encourages hemolysis, release of free Hb, leading to low PCV. The cause of reactive oxygen species (ROS) genera-
tion in SCD is multi-factorial. First tissue ischemia plays a significant role and when the occlusion is relieved, the increased blood levels
of oxygen and oxygen free radicals may lead to oxidative damage, membrane lipid peroxidation from free radical damage, cell damage
and nuclear factor kappa B (NF-KB) activation [20], [21]. NF-KB activation causes elevated endothelial cell adhesion molecule expres-
sion, which combines with integrins on leukocytes and young erythrocytes [22], [23], resulting in cell adherence which induces more
vaso-occlusion, further triggering increased cycle of ischemia and reperfusion as well as profound hemoglobin degradation. Only 53%
and 46% of HbSC and HbSS patients respectively were in the steady state, meaning they had not experienced VOC in the preceding 3
months. This suggests that 47% [HbSC] and 54% [HbSS] were either experiencing VOC or just recovered from it,

The dense nature of RBC co-existing with abnormal membrane morphology results in rigidity of red blood cells and encourages their
easy entrapment within organs with slow microcirculation. This occurs from their interaction with the inflammatory activated vascular
endothelial cells and neutrophils. These events seem to be the perquisite for acute vaso-occlusion, which leads to ischemic-reperfusion
damage of target organs such as lung, kidney or brain [24-27].

The results of the study revealed that 73% [HbSC] & 63% [HbSS] of parents of SCD children are in the middle and higher SES, with at
least one parent having a minimum of high school/secondary school certificate. This leaves much to be desired about the current efforts
in eradication of SCD. Bearing in mind that sickle cell disease is a genetic disorder, inherited in an autosomal recessive fashion in which
the genetic abnormality is transmitted from parents to offspring. This basic understanding about SCD has been recognized for several
decades. That a disorder that has been copiously researched, and its pattern of transmission by parents and mode of inheritance in proge-
ny can be reasonably predicted can still be found among people in high SES suggest that current efforts of the government in preventing
this disease are not yielding desired outcomes. There is no doubt it has become inescapable that the curricula of health related courses at
primary and secondary schools should be overhauled. Interestingly and yet unfortunately the frequency of SCD among children of par-
ents with high SES [20%] was only slightly lower compared with those of low SES [26%], which leaves the question, are educational
materials about SCD presented in the curriculum in a way that can be assimilated and its knowledge translated to everyday use?

Yet it is important to note that this study was not conducted among neonates but those in age range of 3-17 years. SCD is a disorder in
which ‘under 5’ mortality rate is high. The role of SES in rate of ‘under 5’ mortality rate among SCD pediatric patients is not clearly
defined and whether it plays a role in lower frequency of SCD among those in low SES needs to be verified. According to Adigwe et al.
[28] and Adigwe [29] the prevalence of SCD is 2-3% with adult prevalence of 0.05% in Nigeria. SCD is a significant contributor to Ni-
geria’s ‘under five’ mortality figures. Yet there is no evidence that the survival rates of children of high SES are higher than those in low
SES. Sickle cell disease is known to have a significant public health implication for Africa, as it is responsible for about 5% of under-five
deaths in the continent and up to 16% in West Africa. It can also be inferred that there are more children in the high SES because the
parents can afford the cost of treatment, leading to increase survival rate and the cause of high frequency among those outside low SES.
Giving credence on the possible impact of SES on survival rate is that there was a relationship between SES of SCD patients and rate of
hospitalization, clinic attendance and fruit/vegetable consumption. The importance of fruits and vegetable in prevention of disease or
related complications are well described in literature. VOC that was not related with SES was related with hospitalization rate and
fruit/vegetable consumption but not clinic attendance. Meanwhile, statistical analysis of the data revealed that for HbSS and HbSC, there
were similarities (i.e. no significant difference) in the distribution of parental SES (p= .654), rate of hospitalization (p= .054),
fruit/vegetable consumption (p=.590), and clinic attendance (p=.226). The result of the study showed that SES influenced rate of hospi-
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talization. SCD children in high SES had higher frequency of daily fruit/vegetable consumption rate, higher clinic attendance rate but
lower rate of hospitalization compared with other levels of socioeconomic. This was supported by the fact that those with daily good
dietary habit had low frequency of VOC, and low frequency of hospitalization. It is unfortunate, that a continent in which adults and
children alike are already encumbered with a wide range of challenges from inadequate nutrition [30-32], child labour [33], child abuse,
environmental contamination [34], infectious diseases [35], etc should have to put up with the menace of a preventable disease like SCA
in the twenty-first century.

5. Conclusion

From the results of the study, one can only assume that many of the measures being adopted for the prevention of the disease mostly
provided in the formal or informal settings have not been found adequate i.e. not yielding expected outcomes in preventing the occur-
rence of the disease among non-adult population. Aside the fact that the results revealed that the disease preventive measures are not
adequate; they further supports the fact that large percentage of SCD children have been recently hospitalized and with equally high per-
centage presenting with one or more other markers of disease severity.
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