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Abstract 

Introduction: Sickle cell disease is an inherited red blood cells disorder which leads to oxidative stress and resulting in 
the disturbance of energy metabolism. 

Objective: The aim of this study was to evaluate changes in serum glucose, triglycerides and cortisol concentrations in 
subjects with sickle cell disease in the city of Lubumbashi. 

Methods: This is a 1-1 matched case-control study involving 64 subjects with sickle cell disease attending the sickle cell 
care center (C-fare) and 64 subjects without sickle cell disease taken as controls. The serum obtained after 
centrifugation of the blood, taken from each of them, was used for the determinations of glucose, triglycerides and 
cortisol. The average results obtained in sickle cell patients and non-sickle cell patients were statistically compared 
using the Student's t test.   

Results: the mean serum values of glucose, triglycerides and cortisol observed in sickle cell patients are respectively 
71.77 ± 10.03 mg/dl, 98.78 ± 57.34 mg/dl and 399.48 ± 194 .62 nmol/L. In control subjects, these values are 76.98 ± 
12.29 mg/dl, 60.09 ± 29.86 mg/dl and 421.35 ± 178.74 nmol/L, respectively. Mean blood glucose is significantly lower 
(p < 0.01) while triglyceridemia is significantly higher (p < 0.000001) in sickle cell patients than in controls, while there 
is no significant difference (> 0.05) concerning cortisolemia between the groups.  

Conclusion: This study shows that during sickle cell disease, there is disruption of energy metabolism with a decrease 
in blood sugar and an increase in triglyceridemia.  
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1. Introduction

Sickle cell disease is the most common genetic disease worldwide (1), this is produced by the mutation in β-globin gene 
in which the 17th nucleotide is changed from thymine to adenine and the sixth amino acid in the β-globin chain turn 
into valine instead of glutamic acid (2-3). It is an autosomal recessive hemoglobinopathy (4-6) and constitutes a crucial 
public health problem worldwide (7,8). The disease affects more than 50 million people worldwide, particularly in sub-
Saharan Africa and the Mediterranean region (9). Depending on global population growth, by 2050 this figure could 
increase (10) and the number of newborns with sickle cell disease may reach an estimated 14.24 million (11). 
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In black Africa, the prevalence of this disease fluctuates between 10 and 40% (12) and the Democratic Republic of Congo 
(DRC) is widely affected with a prevalence which ranks as the second country  in Africa, after Nigeria, the DRC is third in 
the world after India and Nigeria (13). 

Mortality related to sickle cell disease represents approximately 9 to 16% among children under five years old in 
countries with high prevalence (14). The pathogenic mechanism in sickle cell disease is mainly due to chronic 
inflammation associated with oxidative stress (15). The physiological response to stress includes the activation of both 
the central nervous system, the endocrine and immune systems (16). More researchers focused their studies on the 
increase in cortisol levels in response to stress (17) but the hypothalamic-pituitary-adrenal axis plays a vital role in this 
phenomenon. Cortisol is the classic stress hormone at the peripheral level and is easy to measure. Its effects are directed 
towards acute energy supply, protection against excessive inflammation and improvement of the hemodynamic state 
(18, 19). Cortisol, the main glucocorticoid, is synthesized in the zona fasciculata of the human adrenal cortex, and its 
biological concentration reflects acute, chronic, and diurnal changes in physiological and psychological events (20).  The 
cortisol awakening response refers to the sharp increase in cortisol levels observed immediately following awakening 
in order to increase the body energy production, to replenish and maintain glycogen stores as well as to meet the needs 
of the active state of the body (21). Thus, physiological and endocrine alterations induced by stress, disruptions of 
functional systems (ei clinical parameters), biochemical (e.g. hormones) and metabolic systems become inevitable 
resulting in alterations of metabolic biomarkers (metabolites, enzymes, hormones) (22). 

The main objective of this study is to evaluate the modification in energy metabolism associated with sickle cell disease 
by determining blood sugar, triglyceridemia and cortisol. 

2. Material and methods 

2.1. Site of research 

The C-Fare medical center was the site where blood samples were collected from sickle cell patients while the blood 
samples of the control group were collected at the laboratory of the University Teaching Hospital of Lubumbashi, this 
is where all the biochemical analysis were performed. Lubumbashi, the second largest city in the Democratic Republic 
of Congo (DRC), is the capital of Haut-Katanga province, which is located in the African Copperbelt (23). 

2.2. Study Population 

This study was conducted on 64 children with sickle cell anemia (Hb SS) with their age ranging from 1 and 23 years 
(mean age value of 10.20 ± 3.14 years) and 64 control group with their age fluctuating from 2 to 21 years (mean value 
age of 11.59 ± 4.14). The selection was made without distinction of race, tribe and social class.  

The exclusion criteria were: 

 Children who have not been diagnosed with homozygous sickle cell disease by hemoglobin electrophoresis and 
those who have been transfused in less than 3 months 

 Children in a period of sickle cell crisis were also excluded. 

The study was approved by the ethics committee of the University of Lubumbashi (Approval UNILU/CEM/100/2022 of 
June 3, 2022) and each participant signed the informed consent form. 

2.3. Equipment used 

 Spectrophotometer (Cyanstart), 
 Finecare analyzer 
 Centrifuge (Horizon), 
 Water bath (Memmert), 
 Fridge (Liebherr), 
 Mixer (Cat rem 5) ,  
 Micropipettes (Eppendorf), 
 Bowls, 
 Stopwatch, 
 Tubes with red cap , 
 The BD Vacutainer system ( needle, body and collection tube ) 
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 Tourniquet, 
 Wadding, 
 Alcohol, 
 Yellow and blue tips. 

2.4. Specimen collection and handling 

Four ml of venous blood were collected using sterile needles through gentle venipuncture after sterilization of puncture 
site by alcohol, and collected samples were put into test tubes without anticoagulant at the C-fare Medical Center for 
sickle cell subjects and at the University teaching hospital of Lubumbashi for control group. The blood samples collected 
at the C-fare Medical Center were immediately (the same day) sent to the University Teaching Hospital of Lubumbashi 
for analysis. The blood was centrifuged at 2500 rpm for ten minutes before any laboratory analysis. 

2.5. Laboratory analyzes 

2.5.1. Blood sugar measurement 

Blood sugar levels were measured using a colorimetric and enzymatic glucose-oxidase method. The principle is as 
follows: Glucose is oxidized in aqueous solution, following the action of glucose-oxidase in gluconic acid and hydrogen 
peroxide (H 2 O 2). In the presence of a chromogen (aminophenazone) and peroxidase, hydrogen peroxide is transformed 
into 2H 2 O and the chromogen turns red. The intensity of the color formed is proportional to the serum glucose 
concentration (24). 

Measurement of serum triglycerides  

Triglycerides were measured using an enzymatic and colorimetric method. The principle is as follows: Triglycerides are 
enzymatically hydrolyzed by lipoprotein lipase (LPL) into glycerol and fatty acids. This glycerol reacts with glycerol 
kinase (GK). The resulting glycerol-3-phosphate is then transformed by glycerol-3-phosphate oxidase (GPO) releasing 
hydrogen peroxide (H 2 O 2). The concentration of hydrogen peroxide is determined by the Trinder reaction, which 
results in the formation of a red colored derivative. The intensity of the color formed is proportional to the concentration  

Cortisol dosage 

The determination of blood cortisol was carried out by the Finecare™ Cortisol rapid quantitative test which is based on 
the fluorescence immunoassay technique. It uses a competitive immunodetection method. When the sample is added to 
the sample well of the test cartridge, the fluorescently labeled cortisol detector antibodies bind to the cortisol antigens 
in the blood sample and form immune complexes. As the complexes migrate onto the nitrocellulose matrix by capillary 
action, it cannot be captured by the cortisol antigens that have been immobilized on the test strip. But excess unbound 
fluorescently labeled cortisol-detecting antibodies are captured. Therefore, the more cortisol there is in the blood, the 
less unbound fluorescently labeled antibodies accumulate on the test strip. The signal intensity of cortisol-detecting 
antibodies reflects the amount of antigens and are processed in the FIA Finecare™ system to determine the 
concentration of cortisol in the blood. 

2.6. Statistical analyzes 

Statistical presentation and analysis of the present study was conducted using the mean values obtained from sickle cell 
disease subjects and controls. The comparison between the two groups were carried out using student t- test. The 
correlation coefficient was calculated to establish the possibility of a relationship between the different parameters. For 
all tests, p< 0.05 was considered statistically significant  

3. Results  

Analysis of this table shows that there is statistically a significant difference between controls and sickle cell patients 
with regard to blood glucose (76.98 ± 12.29 vs 71.77 ± 10.03 mg/dl, P < 0.01) and triglyceride (60.09 ± 29.86 vs 98.78 
± 57.34 mg/dl, P < 0.00001) while there is no statistically significant difference between the two groups regarding 
cortisol (421.35 ± 178.74 vs 399.48 ± 194.62 nmol/L, P > 0.05) and age (10.20 ± 3.14 vs 11.59 ± 4 .14 years, P > 0.05). 
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Table 1 Mean serum concentrations of glucose, triglycerides, and cortisol in sickle cell patients and non-sickle cell 
patients 

  Witnesses Sickle cell patients P=value P=value 

Age 10.20 ± 3.14 11.59 ± 4.14 0.08730257 > 0.05 

Blood sugar (mg/dl) 76.98 ± 12.29 71.77 ± 10.03 0.009559304 <0.01 

Triglyceridemia (mg/dl) 60.09 ± 29.86 98.78 ± 57.34 4.65699E-06 < 0.000001 

Cortisol (nmol/L) 421.35 ± 178.74 399.48 ± 194.62 0.510710891 > 0.05 

  

Table 2 Distribution of sickle cell patients by sex 

Sex Frequency Percentage 

F 38 59,38% 

M 26 40,63% 

Total 64 100,00% 

 

The table 2 shows a female predominance with a sex ratio of 1.46 

4. Discussion 

The present study showed a sex ratio (F/M) of 1.46 in SS patients, highlighting the predominance of female sex over the 
male sex. In our study these patients had no scientific justification because this disease is transmitted by the mode 
autosomal recessive. The majority of patients were young (mean age: 10.20 ± 3.14 years), as also found by Kengne et al. 
(mean age: (9.59 ± 7.14 years) in a study carried out at the Bafoussam Regional Hospital Center (RHB) on the 
relationship between haptoglobin polymorphism and the state of oxidative stress, the lipid profile and the 
cardiovascular risk in sickle cell patients in Cameroon in 2020 (25). 

The main findings of this study was that sickle cells young people showed a statistically significant increase in serum 
triglyceride level (p< 0.005) compared to control subjects. This finding is consistent with the studies performed by other 
groups Akinbami et al., (2019) and Hama AH et al (2021) where the serum triglycerides level was statically higher in 
children with sickle cell anemia compared to the controls (26, 27). The hypertriglyceridemia found in these patients 
could be associated with the chronic inflammation (28) related to the increased production of endogenous VLDL lipids 
and the reduction in lipoprotein lipase activity due to oxidative stress (29). 

Conversely, this study showed statistical reduction in serum glucose level in sickle cell patients compared to the control 
group (p < 0.01) probably due to a higher consumption of glucose by sickle cell red blood cells (HbSS). This increased 
consumption of glucose was not observed neither in subjects carrying the sickle cell trait (HbAS) nor in normal healthy 
individuals (HbAA) (30).  

In addition, the hypoglycemia and hypertriglyceridemia found in this study may be related to genetic disruptions and 
to the physiopathology mechanism underlying the disease rather than this being associated to age, race, socioeconomic 
status or diet.  

In this study, the mean value of serum cortisol level in sickle cell patients was lower than that found in control subjects, 
although not statistically significant (p > 0.05). This finding is in agreement with Hagag et al., (2015) who found 
significantly lower morning basal serum cortisol levels in sickle cell patients compared to the control group (32). In 
addition, Osifo et al. (1988) found that the average plasma cortisol levels in the AS and SS groups (during steady state) 
were within the normal range, but the average content of the SS group was significantly lower than that of the AA group 
(33) and Kölbel et al. (2022) found that people with sickle cell disease have lower morning cortisol compared to control 
group (21) in agreement with the finding in this study.  
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The study carried out in 2008 in Omani patients with major transfusion-dependent homozygous beta-thalassemia who 
consulted in the thalassemia clinic at the Royal Hospital showed that morning cortisol levels for all patients were in the 
normal range without suspicion of hypoadrenal cortical function (31). 

Furthermore, el-Hazmi et al. (1992) found that patients with severe sickle cell disease had significant disturbances in 
cortisol levels compared to patients with mild disease with lower cortisol levels (34). The mean value in serum cortisol 
level was lower in sickle cell patients compared to the control group, but only 4.8% of these patients presented 
hypocorticism, because they had morning cortisol < 190 nmol/L (35). Moreover, Sobngwi et al. (2018) reported that 
relative adrenal insufficiency is not a rare event in sickle cell patients without crisis, although basal and post-stimulatory 
cortisol levels were normal, the incremental change in cortisol was significantly lower in the patients (6). Additionally, 
in the presence of sickle cell disease, th.E vast majority of participants failed to achieve a significant increase in basal 
cortisol level after stimulation.  

5. Conclusion 

The results of the present study on energy metabolism and variations in cortisol in subjects with sickle cell disease 
showed that the mean value of serum levels of glucose and cortisol were reduced while the mean value of triglycerides 
increased. 

This study demonstrates that during SS anemia, there is an increase in glucose consumption and a reduction in the 
breakdown of triglycerides. Conversely, the reduction in cortisol production shown in this study may be associated with 
iron overload, oxidative stress, increased energy requirements and inhibition of lipoprotein lipase activity.  
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Disclosure of conflict of interest 

No conflict of interest to be disclosed.  

Statement of informed consent 

Informed consent was obtained from all individual participants included in the study. 

References 

[1] Debaud J, Martin C, Monchanin G, Perrey S, Sara F, Thiriet P, et al. Energy metabolism and sports performance in 
sickle cell trait carriers: can we speak of exercise intolerance? Staps. 2006;74(4):23-39. 

[2] Yalamanoglu A, Deuel JW, Hunt RC, Baek JH, Hassell K, Redinius K, et al. Depletion of haptoglobin and hemopexin 
promote hemoglobin-mediated lipoprotein oxidation in sickle cell disease. Am J Physiol - Lung Cell Mol Physiol. 
2018;315(5):L765‑74. 

[3] Ahmed K, Abdu Y, Khasawneh S, Shukri A, Adam E, Mustafa S, et al. The effect of intermittent fasting on the clinical 
and hematological parameters of patients with sickle cell disease: A preliminary study. Front Med. 
2023;10:1097466. 

[4] Ndour EHM, Mnika K, Tall FG, Seck M, Ly ID, Nembaware V, et al. Biomarkers of sickle cell nephropathy in Senegal. 
PLOS ONE. 2022;17(11):e0273745. 

[5] Buhusayyen H, Isa HM, Kamal N. Sickle Cell Trait and Adverse Pregnancy Outcomes: Is There a Link? Cureus 
[Internet]. Aug 2022 [cited Apr 17, 2023];14(8). Available  at: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9523159/  

[6] Sobngwi E, Mbango ND, Balti EV, Sack FN, Ama Moor V, Mbanya JC. Relative adrenal insufficiency in adults with 
sickle cell disease. Pan Afr Med J. 2018;29:30. 

[7] Tebandite E, Alworong'a JP, Agasa SB, Gulbis BB, Uvoyo NA, Bosenge JD, et al. Neonatal screening for sickle cell 
disease during the COVID-19 pandemic in Kisangani, Democratic Republic of Congo. Pan Afr Med J [Internet]. 
2020 [cited Apr 18, 2023];37. Available at: https://www.panafrican-med-
journal.com/content/article/37/299/full 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9523159/
https://www.panafrican-med-journal.com/content/article/37/299/full
https://www.panafrican-med-journal.com/content/article/37/299/full


World Journal of Advanced Research and Reviews, 2024, 22(03), 2082–2088 

2087 

[8] Schmidt HM, Wood KC, Lewis SE, Hahn SA, Williams XM, McMahon B, et al. Xanthine Oxidase Drives Hemolysis 
and Vascular Malfunction in Sickle Cell Disease. Arterioscler Thromb Vasc Biol. 2021;41(2):769. 

[9] Chenik S, Noamen A, Bouslimi A, Mahfoudhi H, Hannachi S, Barakizou H, et al. Evaluation of left ventricular 
systolic function in children with sickle cell anemia: contribution of 2D strain. F1000Research. 2022;11:1207. 

[10] Abdala AK, Shongo MYP, Tshilolo LMM, Shindano EM, Luboya ON, Wembonyama SO. Place of HemoTypeSC in the 
screening of sickle cell disease in Kindu, Democratic Republic of Congo. 

[11] Cândido-Bacani P de M, Grilo PMS, Ramos V da S, Zanchin M, Pereira IC, Oliveira JSP, et al. Incidence of 
hemoglobinopathies and spatialization of newborns with sickle cell trait in Mato Grosso do Sul, Brazil. Einstein. 
2022;20:eAO6535. 

[12] Bah A. Epidemiological and clinical aspects of sickle cell disease in children at the Nianankoro Fomba hospital in 
Ségou. Mali Public Health. 2021;101‑6. 

[13] Kasai ET, Opara JPA, Agasa SB, Gulbis B, Uvoya NA, Nguma JDB, et al. Acceptability of newborn screening for sickle 
cell disease during the COVID-19 pandemic in Kisangani, Democratic Republic of Congo. Pan Afr Med J. 
2020;37:299. 

[14] Egesa WI, Nakalema G, Waibi WM, Turyasiima M, Amuje E, Kiconco G, et al. Sickle Cell Disease in Children and 
Adolescents: A Review of the Historical, Clinical, and Public Health Perspective of Sub-Saharan Africa and Beyond. 
Int J Pediatr. 2022;2022:3885979. 

[15] Wembonyama O, Mukuku O, Mishika P, Malekani D, Tshilolo L. Air travel and sickle cell disease: literature review. 
2021;1:20‑6. 

[16] HEFNAWY A, HELAL MAY, SABEK A, SHOUSHA S. Clinical, behavioral and biochemical alterations due to shearing 
stress in Ossimi sheep. J Vet Med Sci. 2018;80(8):1281‑6. 

[17] Latour E, Arlet J, Latour E, Latour M, Basta P, Skarpańska-Stejnborn A. Stressor-Induced Temporal Cortisol 
Deficiency as a Primary Trigger for Adaptation to Stress. Int J Environ Res Public Health. 2022;19(9):5633. 

[18] Rezai M, Fullwood C, Hird B, Chawla M, Tetlow L, Banerjee I, et al. Cortisol Levels During Acute Illnesses in 
Children and Adolescents. JAMA Network Open. 2022;5(6):e2217812. 

[19] Akinlade KS, Atere AD, Olaniyi JA, Rahamon SK, Adewale CO. Serum Copeptin and Cortisol Do Not Accurately 
Predict Sickle Cell Anaemia Vaso-Occlusive Crisis as C-Reactive Protein. PLoS ONE. 2013;8(11):e77913. 

[20] Choi MH. Clinical and Technical Aspects in Free Cortisol Measurement. Endocrinol Metab. 2022;37(4):599-607. 

[21] Kölbel M, Kirkham FJ, Iles RK, Stotesbury H, Halstead E, Brenchley C, et al. Exploring the relationship of sleep, 
cognition, and cortisol in sickle cell disease. Compr Psychoneuroendocrinology. 2022;10:100128. 

[22] Dhama K, Latheef SK, Dadar M, Samad HA, Munjal A, Khandia R, et al. Biomarkers in Stress Related 
Diseases/Disorders: Diagnostic, Prognostic, and Therapeutic Values. Front Mol Biosci. 2019;6:91. 

[23] Kayembe-Kitenge T, Kabange Umba I, Musa Obadia P, Mbuyi-Musanzayi S, Nkulu Banza P, Katoto PDMC, et al. 
Respiratory Health and Urinary Trace Metals among Artisanal Stone-Crushers: A Cross-Sectional Study in 
Lubumbashi, DR Congo. Int J Environ Res Public Health. 2020;17(24):9384. 

[24] Valdiguié P. Clinical biochemistry. 2nd ed. Vanves: Ed. international medical services; 2000. (Medical Biology 
Collection). 

[25] Kengne Fotsing CB, Pieme CA, Biapa Nya PC, Chedjou JP, Dabou S, Nguemeni C, et al. Relationship between 
haptoglobin polymorphism and oxidative stress status, lipid profile, and cardiovascular risk in sickle cell anemia 
patients. Health Sci Rep. 2022;5(1):e465. 

[26] Akinbami AA, Uche EI, Suleiman AM, Ogbenna AA, Olowoselu FO, Augustine B, et al. On artherogenic index of 
plasma in sickle cell anemia patients. Pan Afr Med J. 2019;32:141. 

[27] Hama AH, Shakiba E, Rahimi Z, Karimi M, Mozafari H, Abdulkarim OA. Vitamin D level, lipid profile, and vitamin 
D receptor and transporter gene variants in sickle cell disease patients from Kurdistan of Iraq. J Clin Lab Anal. 
2021;35(9):e23908. 

[28] Oztas Y, Unal S, Eskandari G, Tamer L, Ozgunes N. Vitamin D Deficiency and Its Association with Inflammatory 
Markers, Lipid Profile and Regulatory T-cells in Pediatric Sickle Cell Disease Patients. Indian J Hematol Blood 
Transfus. 2018;34(3):480‑5. 



World Journal of Advanced Research and Reviews, 2024, 22(03), 2082–2088 

2088 

[29] Mokondjimobe E, Longo-Mbenza B, Felix O, Gombet T, Guie G, NgouMilama E, et al. Lipid, lipoproteins and 
atherogenesis profiles in sickle cell disease among Central African patients. Ann Biol Clin (Paris). 1 Apr 
2012;70:183‑8. 

[30] A. R, S. M, S. B, P. P, S. K, BD P-092: RED BLOOD CELL GLUCOSE CONSUMPTION AND METABOLISM IN SICKLE 
CELL DISEASE. HemaSphere. 2022;6(Suppl):59. 

[31] Mula-Abed WA, Al Hashmi H, Al Muslahi M, Al Muslahi H, Al Lamki M. Prevalence of Endocrinopathies in Patients 
with Beta-Thalassaemia Major - A Cross-Sectional Study in Oman. Oman Med J. 2008;23(4):257-62. 

[32] A Hagag A, S El-Farargy M, M Abo El-enein A. Study of Adrenal Functions using ACTH stimulation test in Egyptian 
children with Sickle Cell Anemia: Correlation with Iron Overload. Int J Hematol-Oncol Stem Cell Res. 
2015;9(2):60‑6. 

[33] Osifo BO, Lukanmbi FA, Adekile A. Plasma cortisol in sickle cell disease. Acta Haematol. 1988;79(1):44-5. 

[34] el-Hazmi MA, Bahakim HM, al-Fawaz I. Endocrine functions in sickle cell anaemia patients. J Too Pediatr. 
1992;38(6):307‑13. 

[35] Garadah TS, Jaradat AA, Alalawi ME, Hassan AB. Hormonal and echocardiographic abnormalities in adult patients 
with sickle-cell anemia in Bahrain. J Blood Med. 2016;7:283‑9.  


