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Abstract 
The objective of this study was to assess the association between uric acid and 
the metabolic syndrome and its components in homozygous sickle cell pa-
tients. This is a prospective case/control study of sickle cell SS patients. Each 
patient was matched to a control of the same sex and age ± 2 years. In our 
framework, we used the criteria for defining metabolic syndrome according 
to International Diabetes Federation (IDF) 2009. Assay of all biological pa-
rameters was performed with the ARCHITECT ci4100, Abbot (Chicago, Illi-
nois, USA). Data were collected with Excel 2016 software and statistical anal-
ysis was done using XLSTAT 2019 software. Student’s T test was used to 
compare means and a p-value less than 0.05 was considered significant. The 
study population consisted of 100 homozygous sickle cell patients with an 
average age of 26 years with a sex ratio of 0.58. The prevalence of metabolic 
syndrome in our population according to the IDF 2009 was 2%. In our study 
28% of patients presented with hyperuricemia. Uricaemia was significantly 
elevated in patients with components of the metabolic syndrome, in particu-
lar in 33% of patients with a large waist circumference, in 25% of hyperten-
sive patients, in 50% of patients with hypertriglyceridemia and in 60% of pa-
tients with hypertriglyceridemia and low HDL-cholesterol levels. Significant 
correlations were found between uricemia and certain components of the 
metabolic syndrome, in particular the level of triglycerides (r = 0.31, p = 
0.002), blood sugar (r = 0.16; p = 0.012), around size (r = 0.071; p ≤ 0.05), 
HDL-Cholesterol (r = −0.01; p = 0.018), PAS (r = 0.076; p = 0.035) and PAD 
(r = −0.18; p = 0.0015). 
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1. Introduction 

Sickle cell disease is a genetic disease characterized by the presence of abnormal 
hemoglobin (HbS), which has the property of polymerizing in its deoxygenated 
form. This polymerization is the cause of a deformation of sickle red blood cells 
(sickle cells) which is the cause of the pathophysiology of the disease [1]. It is the 
most common hemoglobinopathy in the world, it is very widespread especially 
in black people [2]. More than 50 million individuals carry the sickle cell gene, in 
Senegal the prevalence of sickle cell trait is 10% [3]. Sickle cell disease is a chronic 
disease, it requires regular medical supervision to prevent the onset of complica-
tions, which are often unpredictable. One of the most serious forms of sickle cell 
disease is homozygous SS sickle cell anemia characterized by a triad of symp-
toms causing various biological complications that can lead to cardiovascular 
disease [4]. These biological disorders are often grouped together under the 
name of metabolic syndrome. The latter is characterized by a constellation of 
abnormalities such as dyslipidemia, type 2 diabetes, and hypertension and waist 
circumference. Hyperuricemia potentially contributes to the development of the 
most metabolic syndrome abnormalities, some of which are reversible with al-
lopurinol. It has been suggested that the abnormalities that contribute to the 
metabolic syndrome and cardiovascular risk are related to xanthine oxidase ra-
ther than uric acid, since this enzyme generates species reactive to oxygen [5]. 
However, it appears highly probable that it is the intracellular excess of uric acid, 
due to its ability to stimulate mitochondrial oxidative stress that is the deter-
mining factor [6]. Several studies have in fact concluded that hyperuricemia was 
associated with a cardiovascular risk only because it was part of the metabolic 
syndrome and was very frequently accompanied by arterial hypertension 
(hypertension), dyslipemia and diabetes, held for officials of this association [6]. 

2. Materials and Methods 

This is a prospective case-control study, lasting five months from June 1, 2020 to 
October 10, 2020. Patient recruitment took place at the National Blood Transfu-
sion Center (CNTS) and biological tests were carried out at the Biochemistry 
Laboratory of the Fann National and University Hospital Center. Included in 
this study were patients in whom the diagnosis of sickle cell disease (SS type) 
was suggested on the basis of clinical and laboratory arguments. The study did 
not involve patients with other conditions, pregnant women and non-consenting 
patients. Each patient was matched to a control of the same sex and age ± 2 
years. The blood was collected on two Dry tubes and with Na fluoride centri-
fuged at 3500 revolutions/min for 5 minutes. For our entire study population, we 
studied epidemiological (age, sex), clinical (blood pressure, waist circumference) 
and biological (lipid balance, fasting blood sugar, uricemia) variables. Assay of 
all biological parameters was performed with the ARCHITECT ci4100, Abbot 
(Chicago, Illinois, USA). In our study, we used the criteria for defining MS ac-
cording to the IDF 2009. Statistical analysis of the results was done by Excel 2016 
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software which allowed us to calculate descriptive data such as the mean, stan-
dard deviation, sex ratio and p value. Student’s T test was used to compare 
means and a p-value less than 0.05 was considered significant. 

3. Results and Discussion  

Our study population consisted of 100 sick subjects (sickle cell disease profile SS) 
matched with 100 control subjects. The average age of our subjects was 26 years 
old with extremes 13 and 51 years old. Analysis of the results of our study popu-
lation showed a proportion of 63% women versus 37% men (Table 1). 

The comparative analysis of the means of the biological parameters between 
patients and controls showed significant differences, except with blood sugar (p 
= 0.37). The study of the association of defining criteria according to the IDF in 
the same individual showed a prevalence of 2% for MS (Figure 1). 

Analysis of the components of MS revealed that 12% of patients had a large 
waist circumference, while 2% of the population had hypertension. 2% of pa-
tients presented with hypertriglyceridemia. HDL-C levels were lowered in 73% 
of patients. In our study population, no patient had a blood sugar > 1.10 g/L. Of 
our entire study population 28% had hyperuricaemia (Figure 2). 

The distribution of the components of the MS by sex shows for the large waist 
circumference a predominance of women (100%) of which 33% had hyperuri-
cemia. The results of the sex distribution for the decrease in HDL-C revealed 
frequencies of 71.23% and 28.77% respectively in women and men, the frequen-
cy of hyperuricaemia in this subgroup was 40% and 60% respectively among 
men and women. The prevalence of hypertensive subjects was 50% in both sexes, 
it is the same with hypertriglyceridemia. 25% of hypertensive subjects (women) 
had hyperuricaemia (Table 2). 

The study of the association between metabolic syndrome and uricaemia shows 
significant positive correlations between serum uric acid concentrations with  
 
Table 1. General characteristics of the population. 

 Case Control 

Number 100 100 

Average age (years) 26 ± 2 26 ± 3 

Sex-ratio 0.58 0.58 

 
Table 2. Frequencies of the components of MS and hyperuricaemia by sex. 

MS components Man Women 
Hyperuricemia 

Man Women 

Large waist circumference 0% 100% 0% 33% 

HTA ≥ 130/85 mmHg 50% 50% 0% 25% 

High TG > 1.50 g/l 50% 50% 50% 50% 

HDL-c low 28.77% 71.23% 40% 60% 
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Figure 1. Frequency of MS in our population. 
 

 
Figure 2. Frequencies of components of MS hyperuricaemia in patients. 
 
different parameters such as serum triglyceride concentrations (r = 0.31; p = 
0.002), and the waist circumference (r = 0.071; p ≤ 0.05), blood sugar (r = 0.16; p 
= 0.0121) and systolic blood pressure (r = 0.076; p = 0.0035), significant negative 
correlations between uric acid and HDL-C level (r = −0.01; p = 0.018), diastolic 
blood pressure (r = −0.18; p = 0.0015) were found (Table 3). 

Sickle cell disease is the most common genetic disease in the world. It is cha-
racterized by symptoms that can lead to serious cardiovascular complications 
[4]. Metabolic syndrome is a combination of factors that increase the risk of car-
diovascular complications. Uric acid, due to its ability to stimulate mitochondri-
al oxidative stress, is an early predictor of cardiovascular events and constitutive 
abnormalities of metabolic syndrome [7]. It is in this context that we have set 
ourselves the general objective of evaluating the association between uricemia 
and the metabolic syndrome and its components. Exploitation of our results 
showed that the average age of our population was 26 years, with extremes of 13 
and 51 years. This result reflects the increased life expectancy of sickle cell pa-
tients [8]. A study carried out in Dakar by Gueye Tall and al found a result of 
27.3 years similar to our [6]. This increase in the life expectancy of sickle cell pa-
tients could be due to an improvement in the conditions of care and monitoring 
of sickle cell patients in Africa. In our study population, 2% met all of the criteria 
required to suggest a metabolic syndrome. Foluso and al in the USA reported a  
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Table 3. Correlations between uricemia and the different components of the metabolic 
syndrome. 

variables 
Uricemia 

r p 

Fasting blood sugar (g/l) 0.16 0.012 

Waist circumference 0.071 <0.05 

HDL-C (g/l) −0.01 0.018 

TG (g/l) 0.31 0.002 

SBP (mmHg) 0.076 0.035 

DBP (mmHg) −0.18 0.0015 

 
rate of 8.6% [9]. This difference can be explained by the criteria chosen for the 
definition of MS according to the organizations, environmental factors but also 
by ethnic origin. The analysis of the prevalence of the different criteria of the 
metabolic syndrome according to the definition of the IDF made it possible to 
show that 73% of the patients had a low HDL-C level, 12% of the cases had a 
high waist circumference and 2% had high triglyceride levels and hypertension. 
Our results are similar to those of Foluso and al [6]. We also noticed a female 
predominance for the high waist circumference and low HDL-c. This result can 
be explained by our sex ratio but also by the increased sedentary lifestyle among 
women. In our study we found hyperuricemia in 28% of cases, this result is sim-
ilar to that of Ateba and al who found a prevalence of 34% in their population 
[9]. This increase in uric acid is often encountered during hemolysis, nucleic ac-
id synthesis, erythropoiesis and especially the decrease in its urinary excretion 
following impaired renal function in sickle cell patients. Uricaemia is signifi-
cantly elevated in patients with components of the metabolic syndrome, in par-
ticular in 33% of patients with a large waist circumference, in 25% of hyperten-
sive patients, in 50% of patients with hypertriglyceridemia and in 60% of pa-
tients with Low HDL-cholesterol levels. Our results are similar to those of Zaya-
ni et al. [10]. Hypertriglyceridemia may be the consequence of a synthesis from 
the increase in substrates secondary to excess intra-mitochondrial uric acid, the 
decrease in HDL-cholesterol levels, another trait of the metabolic syndrome, is 
usual in subjects with chronic hyperuricaemia [11]. Hyperuricemia induces en-
dothelial dysfunction through an antiproliferative effect, and induces an increase 
in blood pressure linked to a modification of the intrarenal vascularization [12]. 
Pilot studies in humans suggest that lowering uricemia leads to improvement in 
hypertension [13]. 

4. Conclusion 

Sickle cell disease is now a real public health problem, it is the most common 
hemoglobinopathy in the world. Complications related to its homozygous form 
can lead to an increased cardiovascular risk. The presence of MS in a sickle cell 
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patient increases the risk of CVD, asymptomatic hyperuricaemia is associated 
with most of the functional and metabolic disturbances involved in the patho-
physiology and definition of the metabolic syndrome. Our study shows an asso-
ciation between uraemia and the metabolic syndrome and its various compo-
nents. It is therefore important for practitioners to recognize the MS in consulta-
tion in order to identify these patients who should benefit from regular medical 
follow-up. 
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