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Abstract

Introduction: single nucleotide substitution A by T AT 17TH nucleotide of the 6th amino-acid Glutamic acid by
valine in beta subunit of Hb (HbA) results in formation of sickle hemoglobin (HbS), Sickle bone syndrome is a public
health problem to sicklers (disturbed serum bone minerals and bone density sickle cell crisis pain ). Because of genetic
prevalence of sickle anaemia gene in Southern Sudan, sickle cell anaemia is a serious health issue and common cause
of paediatrics admission at hospitals and the significance of measuring serum calcium, phosphorous and magnesium
clarify the necessity to conduct this study. Which aimed to evaluate Ca, P and Mg Sudanese sicklers and correlate
them to bone density and sickle cell crisis pain. Methods: A descriptive Case control study conducted in Southern
Darfur Nyala-city involving Sudanese sicklers 50 and age matched control group 50,Hb electrophoresis records and
clinical data for patients with sickle disease (known cases of SCD) serum Ca, P, Mg and Albumin were estimated
using fully automated chemistry analyzer (Mindray BS-200) for All study groups. Data analysed using SPSS computer
software v.24 Results: The results show normal magnesium levels with significant difference between serum
magnesium levels among patients (2.43 (0.37) mg/dl) and controls (1.99 (0.47) mg/dl) p value 0.00, the mean serum
calcium levels was significantly lower in the sickle cell disease group (8.4 (0.9 mg/dl) compared to controls (9.4 (0.6)
mg/dl) p value 0.00. While the mean serum inorganic phosphorous was significantly higher in SCD group (6.6 (1.8)
mg/dl) compared to control group (3.9 (0.82) mg/dl). Conclusion: Normomagnesimia hyperphosphatemia and
hypocalcaemia are observed in SCD compared to controls.
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Electrolyte disturbance and sickle bane
syndrome is reported by many studies. 0.0 Oladipo et
al reported hypocalcaemia, hyperphosphataemia and
normomagnesimisa in Nigerian children with sickle cell
disease [2], E.O Ibe results showed significant
dercrease in sodium and potassium as prevalent causes
of sickle cell crisis [3], Shahriar Zehbachi studied
serum ionized Mg levels and Ca:Mg ratioin adults and
showed Low Mg levels and high ratio [4], Adeboye H.
Adewoy et al reported corrected Ca and vit D dificeint
sickle bone syndrome after treatment with vit D and Ca
supplement but the markers of bone resorption remains

INTRODUCTION

A single nucleotide substitution A by T AT
17TH nucleotide of the 6th amino-acid Glutamic acid
by valine in beta subunit of Hb (HbA) results in
formation of sickle hemoglobin (HbS). Sickle cell
disease results from homozygosity for this mutation, or
from a compound heterozygosity for sickle hemoglobin
and B-thalassemia or another B-globin variant such as
HbC, HbD, HbE, or HbO Arab. The sickle mutation
renders the hemoglobin molecule insoluble upon
deoxygenation; thus red blood cells containing deoxy

HbS polymer are rigid and have impaired rheologic
properties. The downstream effects of the sickling
process include: membrane changes leading to
potassium loss and cellular dehydration, interaction of
sickle hemoglobin with microvascular endothelium,
neutrophils, and monocytes, hemolysis, nitric oxide
depletion, release of inflammatory proteins and
activation of coagulation. These processes lead to a
hemolytic anemia, an inflammatory state, resultant
shortened life expectancy (sickle crisis) [1].

unchanged [5] , many studies reported low magnesium
[6, 7]and low Calcium levels among sicklers [6, 7, 10-
13]. Bone involvement is the most widespread clinical
manifestation of SCD, but is perhaps the least well
studied. It can present acutely as vaso-occlusive (VOC)
bone and joint pain, bony infarcts, osteomyelitis, septic
and aseptic arthritis, or as chronic bone deterioration, in
which case it manifests as avascular necrosis (AVN),
vertebral bone deformities, degenerative arthritis,

SAS J Med, 2021 Jun 7(6): 287-291.

Citation: Salah aldeen Abass Ibrahim & AbdElkarim A. Abdrabo. Serum Bone Menirals in Patients of Sickle Cell Anemia.

287




Salah aldeen Abass Ibrahim & AbdElkarim A. Abdrabo., SAS J Med, Jun, 2021; 7(6): 287-291

osteopenia, osteoporosis, Osteogenesis Imperfecta and
pathological fractures [14-30].

Sickle bone syndrome is a public health
problem to sicklers (disturbed serum bone minerals and
bone density sickle cell crisis pain) because of
consanguinity marriage and high genetic prevalence of
sickle anaemia gene in western Sudan, sickle cell
anaemia is a serious health issue and common cause of
paediatrics admission at hospitals and the significance
of calcium, phosphorous and magnesium clarify the
necessity to conduct this study. And the bone density
relationship to serum minerals in sicklers is not well
studied in Sudan.

METHODS

A descriptive Case control study conducted in
Southern Darfur Nyala involving Sudanese sicklers and
the Sample Size according to the prevelence of sickle
cell disease in Sudan is 4.8% [22-23] a 100 participents
and the sample size is calculated by the following
formula at the confidence level of 95% and degree of
precision 0.04. n=(t2 x p(1-p)) / m.

The Inclusion criteria were Patients with SS
Hb with crisis (clinically on pain, fever, vasculitis,
multi organ infections and low Hb with high TWBCs)
or Non crisis sicklers (clinically stable) and Population
with normal Hb AA, While Exclusion criteria were
Individuals with known bone diseases and metabolic
minerals disorders (renal failure — rickets, hyper-
hypoparathyroidism, metabolic acidosis, beckets,
multiple myeloma, cancers etc.).

Samples collected as 5ml of venous blood will
be drawn by standard procedures into plain container
and EDTA container and data collected using structured
questionnaire. Population divided into 2 groups sicklers
on crisis or sicklers not on crisis, and healthy Hb AA as
control.

Techniques
We obtained Hb electrophoresis records and
clinical data for patients with sickle disease (known

cases of SCD). While Ca, P, Mg and Albumin were
estimated using fully automated chemistry analyzer
(Mindray BS-200) for All study groups.

Data analysed using PSS computer software
v.24 and the Ethical consideration given by scientific
research committee of faculty of medical laboratory
science.

RESULT

100 participants were included in the study 50
sicklers and 50 age matched healthy control group .49
male and 51 female. The results of patients and controls
are shown in table-1 and they statistical significance
and manifestation of correlations is shown in figuresl
and 2.

The results show normal magnesium levels
with significant difference between serum magnesium
levels among patients (2.43 (0.37), mg/dl (meanzsd))
and controls (1.99 (0.47) mg/dl (meanzsd)) p value
0.00, the mean serum calcium levels was significantly
lower in the sickle cell disease group (8.4 (0.9 mg/dl)
(meanzsd)) compared to controls (9.4 (0.6) mg/dl
(meanzsd)) p value 0.00. While the mean serum
inorganic phosphorous was significantly higher in SCD
group (6.6 (1.8) mg/dl (meanzxsd)) compared to control
group (3.9 (0.82) mg/dl (meanzsd)).

In SCD group there is no correlation between
cacium and phosphorous( r — 0.097 p value 0.504),
calcium and magnesium (r 0.156 p value 0.280) in this
study as shown in figure (1,3) spectively. While
phosphorous and magnesium shown positive correlation
(r 0.419 p value 0.02).

The distribution of Ca and Mg is not the same
across categories of socio-economic state p value
(0.043, 0.036) respectively but the same in phosphorous
p value 0.705. While the distribution of Ca P Mg were
not affected by gender of the participants and parental
educational background.

Table-1: Case vs Control serum Ca P Mg

Group Statistics

Parameter Case Control| P.value

Serum calcium 8.4 9.5 0.0000
(0.9) (0.59)

Serum magnesium 2.43 1.99 0.0000
(0.37) | (0.48)

serum phosphorous 6.6 4.0 0.0000
(1.8) (0.82)
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Fig-1: Relationship between phosphorus and magnesium
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Fig-2: Relationshipbetween calcium andmagnesium

DISCUSSION

Magnesium (Mg) is a nutrient and the fourth
most important and abundant cation in the body, after
Sodium (Na), Pottasium (K) and Calcium (Ca). It is
also the second most important and abundant
intracellular cation after Pottasium. It is an essential
cation that is needed for a wide variety of physiological
activitie6s in the human body. It serves as a cofactor for
various physiological processes in the body by
activating numerous enzymes most of which are normal
neurological function and release of neurotransmitters,
heart and lung function and nucleic acid stability. About
1 to 2 % of the total magnesium is stored in
extracellular compartment, 67% is stored in the bone
whiles 31% is intracellular. Its importance in SCD has
been highlighted recently because of its role in RBC
dehydration, vaso-occlusion events and endothelial
dysfunction red blood cell magnesium (Mg) content
modulates K-CI cotransport activity hence Mg plays a
key role in sickle RBC dehydration and its subsequent
pathophysiology in SCD. magnesium state in patients

with  SCD has variety of reports however
Normomagnesima is the obtained result in this study
(mean 2.4 Std dev = 0.37 mg/dl) which reported by O.
0. Oladipo [2] rather than the hypomagnesimia reported
by (5,6,7) and (8,9) and Akenami FOT et al reported
high serum magnesium levels in sicklers compared to
controls which can be justified by the chronic
haemolytic state of sickle cell disease patients [10].

Calcium homeostasis disturbances has the lion
share in the pathogenesis of sickle cell disease and
hypocalcaemia has been reported by [2, 4-7, 10-13]
which are the same findings of this study that can be
due to many reasons, increased calcium magnesium
ATPase activity [2], impaired intestinal absorption of
calcium along with deficient Vit D synthesis RBCs
membrane defect and membrane permeability to
calcium aiding in accumulation of calcium in RBCs, all
these factors combined lead to low serum calcium in
sickle cell disease.
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Hyperphosphotaemia has been reported by [2,
4-7, 14] it may be due to increased renal tubular
reabsorption of phosphate in sickle cell disease. Positive
correlation between phosphate and magnesium found in
this study related to the renal management of these ions
and the major reason for hyperphosphotaemia may be to
the hemolytic stste and nature of sickle cell disease and
release of intracellular phosphate.

While Al-harbi et al found decreases serum
phosphate due to increased PTH secretion and
decreased rubular renal reabsorption of phosphate [15].

The effect of socio-economic state on calcium
and magnesium states may be due to nutritional habits
and financial problems in handling hospitalization and
supplements purchasing.

CONCLUSION

Normomagnesimia hyperphosphatemia and
hypocalcaemia is the findings of this study with positive
correlation between phosphate and magnesium which
need further studies to elaborate this relationship and
electrolytes management by physicians is crucial for
these patients.

REFERENCES

1. Editors, Kenneth Kaushansky ... (and others).
(2016). Williams Hematology Newyork: McGraw-
Hill Education, Print.

2. Oladipo, O. O., Temiye, E. O., Ezeaka, V. C.,, &
Obomanu, P. (2005). Serum magnesium, phosphate
and calcium in Nigerian children with sickle cell
disease. West African journal of medicine, 24(2),
120-123.

3. E. O. Ibe, A. C. J. Ezeoke, I. Emeodi, E. I.
Akubugwo, E. Elekwa, M. C. Ugonabo and W. C.
Ugbajah. Electrolyte profile and prevalent causes
of sickle cell crisis in Enugu, Nigeria. (2009).
African Journal of Biochemistry Research, Vol.3
(11), pp. 370-374.

4. Zehtabchi, S., Sinert, R., Rinnert, S., Chang, B.,
Heinis, C., Altura, R. A., ... & Altura, B. M.
(2004). Serum ionized magnesium levels and
ionized calcium- to- magnesium ratios in adult
patients with sickle cell anemia. American journal
of hematology, 77(3), 215-222.

5. Adewoye, A. H., Chen, T. C., Ma, Q., McMahon,
L., Mathieu, J., Malabanan, A., ... & Holick, M. F.
(2008). Sickle cell bone disease: response to
vitamin D and calcium. American journal of
hematology, 83(4), 271-274.

6. Antwi, D. A., & Antwi-Boasiako, C. (2015). Serum
Magnesium Levels in Ghanaian Sickle Cell
Disease Patients (Doctoral dissertation, University
of Ghana).

7. Yousif, O. 0., & Al-Naama, L. M. (2018). Red
blood cell and serum magnesium levels among
children and adolescents with sickle cell

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

anemia. Biological trace element research, 186(2),
295-304.

Olukoga, A. O., Adewoye, H. O., Erasmus, R. T.,
& Adedoyin, M. A. (1993). Urinary magnesium
excretion in steady-state sickle cell anaemia. Acta
haematologica, 90(3), 136-138.

Prasad, A. S., Ortega, J., Brewer, G. J., Oberleas,
D., & Schoomaker, E. B. (1976). Trace elements in
sickle cell disease. Jama, 235(22), 2396-2398.
Akenami, F. O., Aken'Ova, Y. A., & Osifo, B. O.
(1999). Serum zinc, copper and magnesium in
sickle cell disease at Ibadan, south western
Nigeria. African journal of medicine and medical
sciences, 28(3-4), 137-139.

Nduka, N., Kazem, Y., & Saleh, B. (1995).
Variation in serum electrolytes and enzyme
concentrations in  patients with sickle cell
disease. Journal of clinical pathology, 48(7), 648-
651.

Nduke, N., & Ekeke, G. I. (1987). Serum calcium
and protein in haemoglobin-SS patients. Folia
Haematologica (Leipzig, Germany: 1928), 114(4),
508-511.

Mohammed, S., Addae, S., Suleiman, S., Adzaku,
F., Annobil, S., Kaddoumi, O., & Richards, J.
(1993). Serum calcium, parathyroid hormone, and
vitamin D status in children and young adults with
sickle  cell  disease. Annals  of  clinical
biochemistry, 30(1), 45-51.

Smith, E. C., Valika, K. S., Woo, J. E., O'Donnell,
J. G., Gordon, D. L., & Westerman, M. P. (1981).
Serum phosphate abnormalities in sickle cell
anemia. Proceedings of the society for
experimental biology and medicine, 168(2), 254-
258.

Al-Harbi, N., Annobil, S. H., Abbag, F., Adzaku,
F., & Bassuni, W. (1999). Renal reabsorption of
phosphate in  children  with  sickle cell
anemia. American journal of nephrology, 19(5),
552-554.

Arlet, J. B., & Pouchot, J. (2016). Vitamin D
deficiency and bone fragility in sickle cell
disease. Handbook of Nutrition and Diet in
Therapy of Bone Diseases; Wageningen Academic
Publishers: Wageningen, The Netherlands, 53-66.
Osunkwo, 1. (2013). An update on the recent
literature on sickle cell bone disease. Current
Opinion in  Endocrinology, Diabetes and
Obesity, 20(6), 539-546.

Almeida, A., & Roberts, |. (2005). Bone
involvement in sickle cell disease. British journal
of haematology, 129(4), 482-490.

Aguilar, C., Vichinsky, E., & Neumayr, L. (2005).
Bone and joint disease in sickle cell
disease. Hematology/Oncology Clinics, 19(5), 929-
941.

Buison, A. M., Kawchak, D. A., Schall, J. I,
Ohene-Frempong, K., Stallings, V. A., Leonard, M.
B., & Zemel, B. S. (2005). Bone area and bone

[ © 2021 SAS Journal of Medicine | Published by SAS Publishers, India

[ 290 |




Salah aldeen Abass Ibrahim & AbdElkarim A. Abdrabo., SAS J Med, Jun, 2021; 7(6): 287-291

21.

22.

23.

24.

25.

mineral content deficits in children with sickle cell
disease. Pediatrics, 116(4), 943-949.

Lal, A., Fung, E. B., Pakbaz, Z., Hackney-
Stephens, E., & Vichinsky, E. P. (2006). Bone
mineral density in children with sickle cell
anemia. Pediatric blood & cancer, 47(7), 901-906.
Soliman, A. T., Bererhi, H., Darwish, A,
Alzalabani, M. M., Wali, Y., & Ansari, B. (1998).
Decreased bone mineral density in prepubertal
children with sickle cell disease: correlation with
growth parameters, degree of siderosis and
secretion of growth factors. Journal of tropical
pediatrics, 44(4), 194-198.

Bordbar, M. R., Haghpanah, S., Zarei, T.,
Dabbaghmanesh, M. H., Omrani, G. R., & Saki, F.
(2017). Evaluation of bone mineral density in
children with sickle-cell anemia and its associated
factors in the south of Iran: a case-control
study. Archives of osteoporosis, 12(1), 1-9.
Baldanzi, G., Traina, F., Marques Neto, J. F.,
Santos, A. O., Ramos, C. D., & Saad, S. T. O.
(2011). Low bone mass density is associated with
hemolysis in Brazilian patients with sickle cell
disease. Clinics, 66(5), 801-805.

Aliyu, S. U, Rufa’l, A. A., Saidu, 1. A., & Jajere,
A. M. (2015). Musculoskeletal complications in
sickle cell anemia patients: a ten-year retrospective
review of hospital-based records (1991-2000) in

26.

217.

28.

29.

30.

two Nigerian hospitals. Int J Contemp Pediatr, 2(4),
329-334.

Adesina, O., Brunson, A., Keegan, T. H., & Wun,
T. (2017). Osteonecrosis of the femoral head in
sickle cell disease: prevalence, comorbidities, and
surgical outcomes in California. Blood
advances, 1(16), 1287-1295.

Arlet, J. B., Courbebaisse, M., Chatellier, G.,
Eladari, D., Souberbielle, J. C., Friedlander, G, ...
& Ribeil, J. A. (2013). Relationship between
vitamin D deficiency and bone fragility in sickle
cell disease: a cohort study of 56
adults. Bone, 52(1), 206-211.

Sarrai, M., Duroseau, H., D ‘Augustine, J., Moktan,
S., & Bellevue, R. (2007). Bone mass density in
adults with sickle cell disease. British journal of
haematology, 136(4), 666-672.

Patil, P. L., & Rao, B. V. (2013). Sickle cell
disease with osteogenesis imperfecta. The Journal
of the Association of Physicians of India, 61(6),
415-417.

Daak, A. A, Elsamani, E., Ali, E. H., Mohamed, F.
A., Abdel- Rahman, M. E., Elderdery, A. Y., ... &
Fawzi, W. (2016). Sickle cell disease in western
Sudan: genetic epidemiology and predictors of
knowledge attitude and  practices. Tropical
Medicine & International Health, 21(5), 642-653.

[ © 2021 SAS Journal of Medicine | Published by SAS Publishers, India

[ 201 |




