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Abstract: Objective: Determine the prevalence and factors associated with dyslipidemia in adult subjects with sickle cell 
disease in Parakou in 2017. Methods: This research work was a descriptive, analytical, cross-sectional and observational study 
carried out from January 6 to June 6, 2017. It involved 100 adult subjects with sickle cell disease (mean age: 28.77 ± 8.73 
years) in the city of Parakou (Benin). Serum lipid parameters were measured through enzymatic colorimetric methods on 
Mindray ® BS-120 automaton (Guangdong, China). The different types of dyslipidemia were classified according to criteria 
defined in the National Cholesterol Education Program Adult Treatment Panel III. Results: The overall prevalence of the 
different types of dyslipidemia was estimated at 82% (95% CI [75.27; 88.34]). The different types of dyslipidemia were 
distributed as followed: HDL hypocholesterolemia (79%; 95%IC [69.71; 86.51]), LDL hypercholesterolemia (13.0%; 95%CI 
[7.11; 21.20]), total hypercholesterolemia (7.0%; 95%CI [02.86; 13.89]), hypertriglyceridemia (4.0%; 95%CI [1.10; 9.93]) and 
mixed hyperlipidemia (1.0%; 95%CI [0.03; 5.45]). Atherogenic dyslipidemia was not found out. HDL hypocholesterolemia 
was significantly associated with personal history of hypertension (P = 0.029), emaciation (P = 0.023) and age above or equal 
to 50 years (P = 0,016). Tobacco consumption (P = 0.01) and age below 50 years (P = 0.02) were significantly associated with 
hypertriglyceridemia. Conclusion: The prevalence of the different types of dyslipidemia is high among adults with sickle cell 
disease in Parakou. 
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1. Introduction 

Sickle cell disease is a hereditary disease due to 
substitution of glutamic acid at position 6 of the β-globin 
chain by valine, resulting in hemoglobin S synthesis [1, 2]. It 
is responsible for the damage of many organs with high risk 
of early mortality. The management of that disease has seen 
advances in developed countries whereas it is still causing 
morbidity and early mortality in developing countries [3]. 

In addition to hemorheological signs and symptoms that 
characterize homozygous sickle cell disease (Hb SS), 
inflammatory response, oxidative stress [4-6] and high 
atherogenic risk [7, 8] exacerbate prognosis for subjects with 
that phenotype. Subjects presenting with simple 

heterozygous form (Hb AS) seem to develop a tendency for 
coronary insufficiency [9]. 

There is a controversy about lipid parameter values in 
subjects with sickle cell disease. According to Rahimi et al. 
[10], subjects with sickle cell disease trait presented with 
increased HDL cholesterol whereas subjects with 
homozygous sickle cell disease had lower total cholesterol 
concentration compared to normal subjects (Hb AA) and 
subjects with sickle cell disease trait (Hb AS). For Ephraim et 
al. [11] and Gueye Tall et al. [12], a decline in total 
cholesterol and HDL cholesterol has been observed in 
subjects with homozygous and heterozygous sickle cell 
disease compared to subjects with no sickle cell disease. 
Magalhães Aleluia et al. [6] have reported increase in total 
cholesterol, HDL cholesterol and LDL cholesterol and 
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decline in triglycerides. Other authors had found out declined 
HDL cholesterol and concurrent increase in LDL cholesterol, 
thus indicating potential biomarkers for disease severity [13, 
14]. 

This study aimed to determine the prevalence and factors 
associated with the different types of dyslipidemia among 
adult subjects with sickle cell disease in Parakou in 2017. 

2. Materials and Methods 

2.1. Ethics 

This study has been approved and authorized by the Local 
Ethics Committee for Biomedical Research of the University of 
Parakou (Decision Notice No. 0001/CLERB-UP/P/SP/R/SA). 

2.2. Study Target Population 

This research work was a descriptive, analytical, cross-
sectional and observational study conducted over six-month 
period from January 6 to June 6, 2017. 

The study population consisted of adult subjects with 
sickle cell diseases (mean age: 28.77 ± 8.73 years) in the 
city of Parakou (Benin) admitted for hemoglobin 
electrophoresis at the Borgou Regional branch of the 
National Agency for Blood Transfusion during the study 
period. Sampling was complete and helped recruit a total 
of 100 subjects with sickle cell disease (AS, SS and SC) 
on the basis of hemoglobin electrophoresis with pH 8.6 on 
Hydragel Sebia. 

The study has included subjects with sickle cell disease 
aged 18 years or over, in stationary phase, who gave their 
informed consent to participate to the survey, and living in 
Parakou for at least six months. It has not included pregnant 
women, and subjects who received blood transfusion dating 
back from less than three months or on drugs likely to disturb 
lipid metabolism. 

2.3. Laboratory Tests 

Blood samples (4 mL) were collected into dry and 
EDTA tubes by means of superficial venipuncture in the 
antecubital area of each study subject who has been 
fasting for 12 hours. The blood samples collected in dry 
tubes were centrifuged in 1800 g during 10 minutes and 
then serums were decanted. The latter were used on the 
same day to measure lipid parameters. The blood samples 
collected in EDTA tubes were used to perform 
hemoglobin electrophoresis. Total cholesterol, HDL 
cholesterol and triglycerides were measured using 
enzymatic colorimetric assay on Mindray ® BS-120 
automaton (Guangdong, China). LDL cholesterol was 
calculated using the formula of Friedewald et al. [15] if 
triglyceridemia was below 4.00 g/L. The different types of 
dyslipidemia were classified according to criteria defined 
in the National Cholesterol Education Program Adult 
Treatment Panel III (NCEP ATP III) [16]. 

2.4. Data Analysis 

The data were processed and analyzed using the software 
Epi Info7. Depending on the case, Chi-square test or 
Fischer’s test was used to compare proportions and ratios. 
Search for association between types of dyslipidemia and 
independent variables was done using logistic regression. 
Significance threshold was set at 0.05. 

3. Results 

Table 1 shows the general characteristics of the study 
population. 

Table 1. General characteristics of subjects with sickle cell disease in 

Parakou in 2017. 

N  100 
Mean age (years)  28.77 ± 8.73 

Sex (n) 
Male 62 
Female 38 

Mean BMI (kg/m2)  22.82 ± 4.38 
Mean systolic blood pressure (mmHg)  116.32 ± 11.04 
Mean diastolic blood pressure (mmHg)  75.93 ± 9.50 
Tobacco consumption (n)  2 
Alcohol consumption (n)  41 
Hb SS (n)  8 
Hb AS (n)  82 
Hb SC (n)  10 

Variations in serum lipids are shown in Table 2. 

Table 2. Distribution by age groups of variations in serum lipid profile of 

subjects with sickle cell disease in Parakou in 2017 (N=100). 

 
Total 

Age groups (years) 

≤ 50 > 50 

Total cholesterol (n) 100 96 4 

Reduced 11 11 (100.00) 0 (0.00) 

Normal 82 79 (96.34) 3 (3.66) 

High 7 6 (85.71) 1 (14.29) 

HDL cholesterol (n) 100 96 4 

Reduced 79 79 (100.00) 0 (0.00) 

Normal 21 17 (80.95) 4 (19.04) 

LDL cholesterol (n) 100 96 4 

Reduced 28 28 (100.00) 0 (0.00) 

Normal 59 56 (94.92) 3 (5.08) 

High 13 12 (92.31) 1 (7.69) 

Triglycerides (n) 100 96 4 

Reduced 50 50 (100.00) 0 (0.00) 

Normal 46 43 (93.48) 3 (6.52) 

High 4 3 (75.00) 1 (25.00) 

NB: The values mentioned in the Table are indicated as population size and 
percentage in brackets. 

Prevalence of the different types of dyslipidemia 

HDL hypocholesterolemia (79%) and LDL 
hypercholesterolemia LDL (13%) were the predominant 
types of dyslipidemia. Atherogenic dyslipidemia was not 
identified (Table 3). 
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Table 3. Distribution of subjects with sickle cell disease according to type of dyslipidemia in Parakou in 2017 (N=100). 

 
Population size Frequency (%) 95% CI 

Total hypercholesterolemia 7 7 [02.86; 13.89] 
HDL hypocholesterolemia 79 79 [69.71; 86.51] 
LDL hypercholesterolemia 13 13 [7.11; 21.20] 
Hypertriglyceridemia 4 4 [1.10; 9.93] 
Mixed hyperlipidemia 1 1 [0.03; 5.45] 

HDL hypocholesterolemia was the most common dyslipidemia, regardless of the hemoglobin phenotype. LDL 
hypercholesterolemia, total hypercholesterolemia and mixed hyperlipidemia were observed in subjects with heterozygous 
sickle cell disease (Table 4). 

Table 4. Distribution of hemotypes according to type of dyslipidemia in subjects with sickle cell disease in Parakou in 2017 (N = 100). 

 

Hemotypes 

Total AS, n (%) SC, n (%) SS, n (%) 

HDL hypocholesterolemia 79 66 (80.49) 7 (70.00) 6 (75.00) 
LDL hypercholesterolemia 13 13 (15.85) 0 0 
Total hypercholesterolemia 7 7 (8.54) 0 0 
Mixed hyperlipidemia 1 1 (1.22) 0 0 
Hypertriglyceridemia 4 3 (3.66) 1 (10.00) 0 
Total 100 82 10 8 

 
Factors associated with the different types of dyslipidemia 

In multivariate analysis, personal history of hypertension 
(P = 0.029), emaciation (P = 0.023) and age range between 
51 years and more (P = 0.016) were significantly associated 

with HDL hypocholesterolemia (Table 5). As well, tobacco 
consumption (P = 0.01) and age group from 18 to 50 years (P 
=0.02) were significantly associated with 
hypertriglyceridemia (Table 5). 

Table 5. Multivariate analysis of factors associated with different types of dyslipidemia in adult persons with sickle cell disease in Parakou in 2017 (N = 100). 

 RR P 95%CI 

HDL hypocholesterolemia 
High blood pressure 0.062 0.029 [0.005; 0.74] 
BMI < 18 kg/m2 0.12 0.023 [0.02; 0.74] 
Age > 50 years 0.02 0.016 [0.001; 0.50] 
Hypertriglyceridemia 
Age [18-50 years] 1.29 0.02 [0.73; 2.27] 
Tobacco consumption 0.51 0.01 [0.12; 2.06] 

RR: relative risk; CI: confidence interval; P: significant 

4. Discussion 

The role of lipids in inflammatory response has been 
suggested because of anti-inflammatory properties of HDL 
cholesterol [17] and pro-inflammatory properties of LDL 
cholesterol [18]. As subjects with sickle cell disease have a 
chronic inflammatory state, the study of the different types of 
dyslipidemia in that group may help improve knowledge 
about their heterogeneous clinical manifestations. 

Total hypercholesterolemia was exclusively observed in 
AS heterozygous subjects. No subject with homozygous 
sickle cell disease has presented with 
hypercholesterolemia in this study. Several previous 
studies which investigated subjects with SS homozygous 
sickle cell disease had rather noted hypocholesterolemia 
[1, 13, 19]. The severity of hypocholesterolemia depends 
on the degree of anemia in those subjects with SS 
homozygous sickle cell disease [1]. Many possible 
explanations of that hypocholesterolemia have been 
proposed. Chronic hemolysis results in increased 
erythropoiesis which consumes the cholesterol pool 
responsible for hypocholesterolemia [20]. Oxidative stress 

may be another cause of hypocholesterolemia. Indeed, a 
negative correlation between plasma cholesterol and 
malondialdehyde (MDA) activity has been observed in 
subjects with sickle cell disease [5], thus indicating a 
reduction in the number of red blood cells or a decline in 
plasma lipoproteins due to hyper-metabolism in response 
to oxidative stress [21]. In this study, the fact that no 
subject with homozygous sickle cell disease has presented 
with hypercholesterolemia substantiate data from the 
literature. 

In this research work, HDL hypocholesterolemia was the 
most common dyslipidemia. In some children with sickle cell 
disease in Nigeria, HDL hypocholesterolemia and declined 
concentration of n-3 polyunsaturated fatty acids of serum 
phospholipids have been observed [22]. Many hypotheses 
have been put forward to explain decline in HDL cholesterol 
among subjects with sickle cell disease. Decreased volume of 
red blood cells results in increased plasma volume with 
dilution of plasma components, including lipids and 
lipoproteins [13]. As far as metabolism is concerned, 
abnormal down regulation of cholesterol biosynthesis 
through reduced activity of hydroxymethylglutaryl-coenzyme 
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A reductase has been suggested [13]. It was also suggested a 
decline in the activity of lecithin cholesterol acyltransferase 
(LCAT), an enzyme that catalyzes the formation of 
cholesteryl esters from cholesterol within HDL particles [13]. 
The increased use of cholesterol for synthesis of erythrocyte 
membranes in the context of red blood cell regeneration due 
to chronic hemolysis and liver failures [23], has also been 
mentioned. That HDL hypocholesterolemia with decline in 
Apo A-I concentration is recognized as a risk factor for artery 
dysfunction both in the general population and in subjects 
with sickle cell disease. It is a factor that potentially 
contributes to pulmonary hypertension in subjects with sickle 
cell disease even if the long term effect is low [24]. HDL 
cholesterol plays an important role as prognostic marker for 
sickle cell disease [6]. Actually, HDL cholesterol has anti-
inflammatory, antioxidant, anti-platelet aggregation, 
anticoagulant and profibrinolytic properties [25]. A high level 
of HDL cholesterol may reduce the risk for intravascular 
hemolysis and endothelial dysfunction [14]. The HDL 
hypocholesterolemia observed in subjects with sickle cell 
disease investigated in this study may exacerbate their 
prognosis, for homozygous sickle cell disease is 
characterized by inflammatory state and lipidoperoxidation. 

LDL hypercholesterolemia, which is the second most 
common dyslipidemia in this study, was found out only in 
subjects with AS heterozygous sickle cell disease. Several 
authors [6, 13, 26] have reported a significant reduction of LDL 
cholesterolemia among subjects with homozygous sickle cell 
disease (Hb SS) compared to Hb AA subjects with no sickle cell 
disease. On the contrary, Ephraim et al. [11] did not identify any 
modification of LDL cholesterolemia. The role of lipids has 
been mentioned in the inflammatory response [17, 18]. As the 
subject with homozygous sickle cell disease is characterized by 
an inflammatory state, the study of the different types of 
dyslipidemia may contribute to the understanding of 
pathophysiological mechanisms during the disease [6]. 

Even though it has a low prevalence in this study, 
hypertriglyceridemia has been observed by Mokondjimobe et 
al. [17] in subjects with sickle cell disease. That 
hypertriglyceridemia may be due to increased production of 
VLDL and reduced activity of lipoprotein lipase because of 
oxidative stress. In fact, VLDL cholesterol is used to restore 
membranes altered due to oxidative stress; this is not the case 
of triglycerides which then get accumulated [23]. Those data 
from the literature which associate hypertriglyceridemia with 
sickle cell disease are contrary to significant decline in 
triglycerides reported by Shores et al. [13] among black 
American subjects with sickle cell disease, without 
pathophysiological substratum. 

Unlike this study, the research work of Ephraim et al. [11] 
identified a significant association between hyperVLDLemia 
and systolic (P = 0.01, OR: 0.74 [CI: 0.6-093]) as well as 
diastolic (P = 0.023, OR: 1.45 [CI: 1.05-2.0]) blood pressures. 
For Lalanne-Mistrih et al. [2], only hypertriglyceridemia was 
associated with acute chest syndrome (P<0.05). Very few 
studies investigated the different types of dyslipidemia and 
associated factors in subjects with sick cell disease. 

This study has some limitations. The small size of the 
sample of homozygous subjects (Hb SS) may limit the power 
of the statistical tests used. Data collection using a 
questionnaire may lead to underestimation or overestimation 
of data due to respondents’ subjective assessments and 
appraisals. Moreover, there may be biases in the 
measurement of physical parameters. However, they were 
minimized in this research work since parameters were 
collected by only one person and the same measuring 
material was used for all the subjects. 

5. Conclusion 

The prevalence of the different types of dyslipidemia in 
adults with sickle cell disease in Parakou in 2017 was high, 
with predominance of HDL hypocholesterolemia, LDL 
hypercholesterolemia and total hypercholesterolemia. There 
is no atherogenic dyslipidemia in the study population. 
Emaciation, excessive consumption of tobacco, age and 
personal history of hypertension are variably associated with 
different types of dyslipidemia. 

This study points out that subjects with sickle cell disease 
are exposed to the risk of developing atheromatous plaque, in 
addition to hemorheological consequences related to sickle 
cell disease. Preventive measures should be implemented in 
order to limit those abnormalities of the lipid profile. 
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