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Introduction:

Sickle cell anemia (SCA) is an inherited hemoglobin disorder
characterized by chronic hemolysis, vaso-occlusion, and multi-organ
complications. Electrolyte imbalance is a common yet under-
recognized problem in SCA due to hemolysis, dehydration, renal
tubular dysfunction, and repeated vaso-occlusive crises. Monitoring
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electrolyte levels is essential for preventing life-threatening
complications such as arrhythmias, metabolic acidosis, and acute
kidney injury.

Methods:

A crosssectional study was conducted on 50 confirmed SCA
patients aged 18-50 years at a tertiary care hospital in Lahore.
Simple random sampling was used. Blood samples were analyzed

using an automated electrolyte analyzer based on the lon-Selective

tahira.batool@superior.edu.pk Electrode (ISE) method. Data were analyzed in SPSS using

descriptive statistics and t-tests.

Results:

Serum electrolyte abnormalities were highly prevalent among SCA patients. Hyponatremia and
hyperkalemia were the most common findings. Many patients also showed decreased bicarbonate
levels consistent with metabolic acidosis, along with disturbances in chloride, calcium, magnesium,
and phosphate.

Conclusion:
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Electrolyte imbalance is frequent in SCA and arises largely due to ongoing hemolysis, renal
medullary damage, and dehydration during crises. Routine monitoring of electrolytes is
recommended for early intervention and prevention of complications.

INTRODUCTION

Sickle cell anemia (SCA) is an inherited hemoglobin disorder caused by a point mutation in the [3-
globin gene on chromosome 11, resulting in the formation of hemoglobin S (HbS).'Under low
oxygen conditions, HbS polymerizes, forcing red blood cells into a rigid sickle shape.?These
abnormal erythrocytes are fragile and survive for only 10-20 days compared to the normal lifespan
of approximately 120 days, leading to chronic hemolytic anemia.*

The increased rigidity of sickled cells also causes obstruction of small blood vessels, triggering painful
vaso-occlusive crises and progressive organ dysfunction.!,2Globally, sickle cell anemia affects nearly
300,000 newborns each year, with the highest disease burden reported in sub-Saharan Africa, the
Middle East, India, and South Asia.®

In Pakistan, the true prevalence of SCA remains uncertain due to the absence of nationwide
screening programs.” However, regional studies suggest that approximately 1.9% of the population
carries the sickle cell gene, with higher prevalence observed in Balochistan and among certain ethnic
groups such as the Sheedi community.?22

Limited awareness and inadequate diagnostic facilities result in late presentation of many patients,
leading to delayed management and increased disease-related complications.?3

One of the most significant yet under-recognized complications of sickle cell anemia is electrolyte
imbalance.® Electrolytes including sodium, potassium, chloride, bicarbonate, calcium, magnesium,
and phosphate play essential roles in maintaining fluid balance, nerve conduction, muscle function,
and acid-base homeostasis.!°

Chronic hemolysis, dehydration, recurrent infections, fever, and repeated sickling episodes
contribute to renal damage, disrupting the regulation of these essential ions.!,12As a result, patients
with SCA commonly develop electrolyte abnormalities such as hyponatremia, hyperkalemia, and
metabolic acidosis.!?

Renal involvement plays a central role in the development of electrolyte disturbances in sickle cell
anemia.”*The unique microenvironment of the renal medulla characterized by low oxygen tension,
high osmolarity, and slow blood flow—promotes persistent sickling, leading to tubular injury and
impaired reabsorption of sodium and bicarbonate.!¢,2*

This impairment results in an inability to concentrate urine, increased fluid loss, and disturbances
in acid-base balance.ZWith repeated injury, these changes may progress to sickle cell nephropathy,
further exacerbating electrolyte abnormalities.2¢

Despite the increasing burden of sickle cell anemia in Pakistan, limited local data are available
regarding electrolyte patterns among affected individuals.®

Understanding these disturbances is essential for early detection, timely correction, and prevention
of serious complications such as arrhythmias, seizures, muscle weakness, and worsening vaso-
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occlusive crises.” ®Therefore, evaluation of serum electrolytes in patients with sickle cell anemia is
crucial for improving clinical outcomes and guiding effective patient management strategies.?2,23
The pathophysiological processes underlying sickle cell anemia also contribute significantly to
progressive oxidative stress, which further disrupts cellular ion transport and membrane
stability.3*Continuous generation of reactive oxygen species damages red blood cell membranes,
impairs the sodium-potassium ATPase pump, and promotes potassium leakage from cells.*!

These changes accelerate hemolysis and contribute to red blood cell dehydration, thereby enhancing
the tendency for sickling.3*Such molecular disturbances highlight the systemic nature of sickle cell
anemia, extending beyond hematological abnormalities to widespread biochemical imbalances.*!
Dehydration during vaso-occlusive crises plays a particularly important role in worsening electrolyte
disturbances.®

Painful crises are often accompanied by fever, increased metabolic demands, poor oral intake, and
insensible fluid losses.2’These conditions promote significant electrolyte shifts, reduce plasma
volume, and increase blood viscosity.2°

Progressive dehydration further impairs renal perfusion, limiting the kidneys’ ability to regulate
sodium, potassium, and bicarbonate levels.” Consequently, complications such as hyponatremia,
hyperkalemia, and metabolic acidosis may worsen pain severity, trigger cardiac arrhythmias, and
prolong the duration of vaso-occlusive crises.2°,2°

Medication use in sickle cell anemia may also influence electrolyte homeostasis.®*Hydroxyurea,
although beneficial in reducing the frequency of vaso-occlusive episodes, may indirectly affect renal
concentrating ability with long-term use.2°

Similarly, medications such as angiotensin-converting enzyme inhibitors and diuretics can alter
sodium and potassium balance, necessitating careful monitoring.”!

Frequent blood transfusions, a key supportive therapy in SCA, may contribute to oxidative stress
and secondary metabolic alterations, further complicating electrolyte regulation.!®

Given the complex interplay between hemolysis, renal dysfunction, oxidative stress, dehydration,
and treatmentrelated factors, electrolyte imbalance in sickle cell anemia is multifactorial and
progressive.!®

In regions such as Pakistan, where diagnostic facilities, disease awareness, and routine monitoring
are limited, the risk of undiagnosed electrolyte disturbances is substantially higher.2®

This underscores the need for local research to characterize electrolyte patterns in sickle cell anemia,
strengthen early detection strategies, and improve clinical interventions.3®>2

A clearer understanding of these biochemical alterations will assist clinicians in preventing serious
complications and enhancing the overall quality of care for individuals living with sickle cell
anemia.”?

Materials and Methods

This cross-sectional study was conducted at a tertiary care hospital in Lahore and included 50
confirmed sickle cell anemia patients aged 18-50 years selected through simple random sampling.
Venous blood samples (5 mL) were collected from each participant, and serum electrolytes including
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sodium, potassium, chloride, bicarbonate, calcium, magnesium, and phosphate were measured using
an automated electrolyte analyzer based on the Ion-Selective Electrode (ISE) method. Patients with
chronic kidney disease, acute kidney injury, malignancy, infection, or those taking electrolyte-altering
medications were excluded. Data were analyzed using SPSS version 25, applying descriptive statistics
and appropriate inferential tests, with a p-value < 0.05 considered statistically significant.

Results

The study revealed that a significant proportion of sickle cell anemia patients exhibited
abnormalities in multiple serum electrolytes. Hyponatremia and hyperkalemia were the most
frequently observed disturbances, indicating impaired sodium regulation and increased potassium
retention likely due to hemolysis and renal tubular dysfunction. Many patients also demonstrated
reduced bicarbonate levels, consistent with metabolic acidosis, while chloride levels varied, reflecting
underlying acid-base imbalance. Additionally, several participants showed altered calcium,
magnesium, and phosphate levels, suggesting broader renal involvement and nutritional
deficiencies. Overall, the findings confirm that electrolyte imbalance is common in sickle cell anemia
and affects several biochemical parameters simultaneously.

Table: Descriptive Analysis of electrolytes in sickle cell anemia

Variable N Minimum Maximum Mean Std.
Deviation

Gender 50 1 2 1.46 .503

Age 50 18 49 35.58 9.721

Seru 50 1 3 2.44 .907

m

Sodiu

m

Serum 50 1.0 33.0 3.0 4.4263

Chloride

Serum 50 2.0 33.0 33 4.3106

Potassium

Serum 50 1.0 3.0 2.36 9424

Bicarbonate

Seru 50 1.0 3.0 2.32 9570

m

Calci

um

Serum 50 1.0 3.0 2.28 9697

Magnesium

Serum 50 1.0 3.0 2.64 .5628

Phosphate
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Minimum, Mean, and Maximum Values of Variables
S0 . Minimum
- Megr
- Maximum

Values

Figure 1: The graph shows the minimum, mean, and maximum values of all variables electrolytes
in sickle cell anemic Patients.

Discussion

The most frequent abnormalities observed in our study were hyponatremia and hyperkalemia,
followed by reduced bicarbonate levels indicative of metabolic acidosis.®,*These abnormalities reflect
the significant impact of chronic hemolysis, dehydration, and renal tubular dysfunction, which are
key mechanisms involved in the pathophysiology of sickle cell anemia.!,?The altered electrolyte
profile observed in this study highlights the complex interplay between persistent sickling, impaired
renal function, and oxidative stress, all of which contribute to widespread physiological disturbances
in affected individuals.’,®

The presence of hyponatremia in many patients may be attributed to impaired sodium reabsorption
within the renal tubules, a well-documented consequence of repeated vaso-occlusive episodes and
renal medullary ischemia.'l;'’* Damage to the renal medulla reduces the kidney’s ability to
concentrate urine, resulting in excessive sodium loss and relative water retention.24,2’

International studies have similarly reported renal tubular injury as a common complication of sickle
cell anemia, frequently manifesting as chronic sodium-wasting.2®33The consistent pattern of reduced
sodium levels observed in our study further supports this mechanism and suggests a substantial
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burden of renal involvement among the study population.>* *Hyperkalemia was also identified as
one of the most prominent electrolyte abnormalities in the present study.!2,°

Chronic hemolysis in sickle cell anemia leads to increased potassium release from erythrocytes into
the circulation, contributing significantly to elevated serum potassium levels.2® 3*Additionally, renal
impairment associated with sickle cell disease reduces potassium excretion, further exacerbating
hyperkalemia.?* *?Previous studies have described hyperkalemia as a characteristic biochemical
feature during hemolytic episodes and vaso-occlusive crises.>

The elevated potassium levels observed in our study emphasize the importance of routine
monitoring to prevent serious complications such as cardiac arrhythmias.!2A considerable number
of patients in this study exhibited reduced bicarbonate levels, consistent with metabolic acidosis.!3,2*
Sickle cell-related metabolic acidosis primarily results from impaired bicarbonate reabsorption due
to chronic renal tubular dysfunction.?®,2°Repeated sickling events cause ischemic injury in the renal
medulla, diminishing the kidney’s ability to maintain normal acid-base balance.?*,*?Previous studies
have similarly reported metabolic acidosis as a common finding in sickle cell anemia, contributing
to dehydration, fatigue, and increased susceptibility to vaso-occlusive crises.®The presence of
metabolic acidosis in our cohort underscores the progressive nature of renal involvement and the
importance of early biochemical assessment.!3

Disturbances in other electrolytes, including chloride, calcium, magnesium, and phosphate, were
also observed among the study participants.!*3°These abnormalities may arise from nutritional
deficiencies, altered renal reabsorption, increased cellular turnover, and hormonal dysregulation
associated with chronic hemolysis.3!,32Previous research has linked such secondary electrolyte
disturbances to early stages of sickle cell nephropathy and chronic inflammatory stress.3¢,3”

The findings of this study support the concept that sickle cell anemia affects multiple metabolic
pathways simultaneously, resulting in widespread biochemical instability.>>,>Overall, the patterns
observed in this study strongly correlate with existing literature identifying electrolyte imbalance as
a common and clinically significant complication of sickle cell anemia.!,2Sodium, potassium, and
bicarbonate were the most frequently affected electrolytes, highlighting a strong association between
sickling, renal injury, and impaired ion regulation.’,°The consistency of these findings with global
data reinforces the need for routine electrolyte monitoring in all sickle cell anemia patients,
particularly in resource-limited settings such as Pakistan.2°,52

Early detection and timely correction of electrolyte disturbances can reduce severe complications,
improve clinical outcomes, and decrease hospital admissions related to vaso-occlusive crises and
renal dysfunction.3 !

Conclusion

This study concludes that electrolyte imbalances are highly prevalent among patients with sickle cell
anemia. The most frequent disturbances observed were hyponatremia, hyperkalemia, and reduced
bicarbonate levels, indicating significant disruption in sodium regulation, potassium handling, and
acid-base balance. These abnormalities reflect the combined impact of chronic hemolysis,
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dehydration, and renal tubular dysfunction, these key pathophysiological processes consistently
associated with SCA.

The pattern of electrolyte changes observed in this study highlights the early involvement of the
kidneys, particularly the renal medulla, where repeated sickling leads to impaired sodium
reabsorption and reduced ability to maintain acid-base homeostasis. The presence of metabolic
acidosis and altered levels of chloride, calcium, magnesium, and phosphate indicates broader
biochemical instability, further supporting the progression toward sickle cell nephropathy.
Findings from this research are consistent with existing international literature and reinforce that
electrolyte disturbances are not isolated findings but are characteristic and clinically significant
complications of SCA. These abnormalities, if left unmonitored, can contribute to severe outcomes
including arrhythmias, muscle weakness, increased fatigue, prolonged vaso occlusive crises, and
worsening renal damage.

Overall, the study emphasizes the importance of routine electrolyte assessment as part of the clinical
management of sickle cell anemia. Regular monitoring enables early identification and correction
of abnormalities, helps prevent serious complications, and ultimately improves patient outcomes.
The results underline the need for strengthened diagnostic practices, especially in regions with
limited resources, to ensure timely and effective clinical care for individuals living with sickle cell
anemia.

REFERENCES

1.Rees DC, Williams TN, Gladwin MT. Sickle-cell disease. Lancet. 2010;376(9757):2018-31.
2.Piel FB, Steinberg MH, Rees DC. Sickle Cell Disease. N Engl ] Med. 2017;376(16):1561-73.
3.Weatherall D], Clegg JB. The Thalassaemia Syndromes. 4™ ed. Oxford: Blackwell Science; 2001
4 Serjeant GR. Sickle-cell disease. Lancet. 1997;350(9079):725-

5.Yawn BP, Buchanan GR, Afenyi-Annan AN, et al. Management of sickle cell disease: evidence-
based report. JAMA. 2014;312(10):1033-48.

6.Hashmi NK, Moiz B, Nasir A, Nadeem M. Chromatographic analysis of hemoglobinopathies in
Pakistan. Pak ] Med Sci. 2018;34(2):394-8.

7.Sameen DE, Memon A, et al. Sickle cell anemia in the Sheedi population of Lyari. Pak ] Hematol.
2020;25(1):22-8.

8.Qureshi N, et al. Hemoglobinopathies in Balochistan: prevalence study. ] Coll Physicians Surg Pak.
2017;27(3):123-17.

9.Vichinsky EP. Comprehensive care in sickle cell disease: its impact on morbidity and mortality.
Semin Hematol. 1991;28(3):220-6.

10.Palevsky PM, Halperin ML. Pathophysiology of Electrolyte and Renal Disorders. New York:
McGraw-Hill; 2015.

11.Sterns RH. Disorders of plasma sodium. N Engl ] Med. 2015;372(1):55-65.

12.Gumz ML, Rabinowitz L, Wingo CS. An Integrated View of Potassium Homeostasis. N Engl ]
Med. 2015;373(1):60-72.

13.Kraut JA, Madias NE. Metabolic acidosis. N Engl ] Med. 2018;378(15):1419-28.

1432


https://pakjmcr.com/index.php/1/about

ol. 4 No. 4 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakimcr.com/index.php/1/about

Online ISSN Print ISSN

Jozfeen et al - 2025 | 3007-2387 ‘ 3007-2379

14.Peacock M. Calcium metabolism in health and disease. Clin ] Am Soc Nephrol. 2010;5(Suppl
1):S23-30.

15.1Allon M. Renal abnormalities in sickle cell disease. Arch Intern Med. 1991;151(3):501-5.
16.Guasch A, Navarrete ], Nass K, Zayas CF. Glomerular involvement in adults with sickle cell
hemoglobinopathies. ] Am Soc Nephrol. 2006;17(8):2228-35.

17.Platt OS, Brambilla DJ, Rosse WF, et al. Mortality in sickle cell disease. N Engl ] Med.
1994;330(23):1639-44.

18.Steinberg MH. Hydroxyurea treatment for sickle cell disease. Sci World J. 2008;8:461-77.
19.Saraf SL, et al. Hyperkalemia and metabolic acidosis in sickle cell disease. Kidney360.
2022;3(2):310-8.

20.Yawn BP, John-Sowah ]. Management of sickle cell disease: recommendations and future
directions. Blood Rev. 2015;29(6):357-68.

21.Rees DC, Williams TN, Gladwin MT. Sickle-cell disease. Lancet. 2010;376(9757):2018-31.
Hashmi KA, Khan MA, Farooq F. Sickle cell gene prevalence in Pakistan. ] Pak Med Assoc.
2018;68(2):251-6.

23.Qureshi J, Khan N, Ahmed S. Regional carrier frequency of sickle gene in Pakistan. ] Coll
Physicians Surg Pak. 2017;27(12):746-50.

Allon M. Pathophysiology and clinical manifestations of sickle cell nephropathy. Am ] Kidney Dis.
1991;17(3):342-9.

25.Guasch A, Navarrete |, Nass K, et al. Renal medullary injury in sickle cell disease. Kidney Int.
2006;70(11):2051-8.

26.Ataga KI, Orringer EP. Renal abnormalities in sickle cell disease. Am ] Hematol. 2000;63(4):205-
11.

27.Sterns RH. Disorders of plasma sodium — causes, consequences, treatment. N Engl ] Med.
2015;372(1):55-65.

28.Aloni MN, Ekere SO, Eze JI. Sodium disturbances in sickle cell disease. West Afr ] Med.
2014;33(1):21-5.

29.Saraf SL, Ofori-Acquah SF. Electrolyte disturbances and vaso-occlusive crises in sickle cell disease.
Blood Cells Mol Dis. 2022;94:102616.

30.0Olaniyi JA, Akinlade KS, Adeyemo TA. Calcium, magnesium and vascular tone in sickle cell
disease. BMC Hematol. 2021;21:33.

31.Adekile AD, Haider MZ. Mineral metabolism in sickle cell disease. Pediatr Hematol Oncol.
2018;35(7):419-28.

32.Ramakrishnan G, et al. Phosphate metabolism in sickle cell disease. Int ] Hematol.
2021;114(5):605-16.

33.Hyponatremia in sickle cell disease: A renal salt-losing state. Pediatr Nephrol. 2003;18(11):1139-
42.

34.Antwi-Boasiako C, et al. Serum potassium, sodium, and chloride levels in sickle cell disease

patients: a case-control study. Afr Health Sci. 2019;19(3):2000-8.

1433


https://pakjmcr.com/index.php/1/about

ol. 4 No. 4 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakimcr.com/index.php/1/about

Online ISSN Print ISSN

Jozfeen et al - 2025 | 3007-2387 ‘ 3007-2379

Hyperkalemic hyperchloremic metabolic acidosis in sickle cell hemoglobinopathies. Am ] Kidney
Dis. 1981;1(6):448-57.

Mineral bone disorders and kidney disease in hospitalized children with sickle cell anemia. Front
Pediatr. 2022;10:1078853.

37.Serum bone minerals in patients of sickle cell anemia. Sudan Med Lab J. 2022;9(1):12-18.
Understanding electrolyte disturbances in sickle cell anemia. Eur ] Cardiovasc Med.
2024;14(2):1128-39.

Alramadhani D, Aljahdali AS, Abdulmalik O, Pierce BD, Safo MK. Metabolic reprogramming in
sickle cell diseases: pathophysiology and drug discovery opportunities. Int ] Mol Sci.
2022;23(13):7448.

Batte A, Menon S, Ssenkusu J, et al. Acute kidney injury in hospitalized children with sickle cell
anemia. BMC Nephrol. 2022;23:110.

Ali Hadi Z, Al-Tu’'ma FJ, Hameid Odda A, Almuhafdah H. Serum antioxidant status in sickle cell
disease patients: implications for oxidative stress and disease severity. ] Contemp Med Sci.
2023;9(2):105-12. D0i:10.22317/jcms.v9i2.1336.

Hyperkalemia and metabolic acidosis at a preserved glomerular filtration rate in patients with sickle
cell disease. Kidney360. 2022;3(4):603-10.

First evidence of subclinical renal tubular injury during sickle-cell crisis. Orphanet ] Rare Dis.
2014;9:67. Doi:10.1186/1750-1172-9-67.

Renal tubular dysfunction in sickle cell disease. Nephrol Dial Transplant 2014;29(11):2075-80.
Shaikh MZ, Khan MA, Ahmed S. Hemoglobinopathies in Pakistan: hematological parameters and
demographic distribution of variants including sickle cell disease. ] Pak Med Assoc.
2022;72(7):1445-50.

Frequency of sickle cell hemoglobin in HPLC samples and its geographical distribution in Pakistan.
J Appl Hematol. 2022;13(4):112-18.

Serum electrolyte levels in children with severe acute malnutrition. JIIMC. 2021;16(1):25-31.
Electrolyte imbalances in children with SAM at a tertiary hospital in Pakistan: a cross-sectional study.
Pak ] Health Sci. 2024;5(9):45-52. Doi:10.54393/pjhs.v5i09.2137.

Choi JH, Kim S, Park H. Effects of electrolyte disturbances on sickle cell disease outcomes: a
retrospective cohort study. Clin Hematol Int. 2022;4(3):120-7.

Komba AN, Mwita JC, Mkongo F, et al. Serum calcium and magnesium levels in Tanzanian children
with sickle cell disease. BMC Pediatr. 2021;21:210.

Ataga KI, Derebail VK, Makani ], et al. Renal complications in sickle cell disease: pathophysiology,
management, and recent advances. Expert Rev Hematol. 2021;14(6):513-28.

Saraf SL, Ofori-Acquah SF, et al. Acute and chronic electrolyte disturbances in patients with sickle
cell anemia. Blood Cells Mol Dis. 2022;96:102631.

Fotedar S, Pal S, Bansal A, Prashant P. Understanding electrolyte disturbances in sickle cell anemia.
Eur ] Cardiovasc Med. 2024;14(2):1128-39.

Aloni MN, Ekere SO, Eze JI. Sodium and chloride abnormalities in hospitalized sickle cell patients.
West Afr ] Med. 2014;33(1):21-

1434


https://pakjmcr.com/index.php/1/about

ol. 4 No. 4 (2025)

Pakistan Journal of Medical & Cardiological Review
https://pakimcr.com/index.php/1/about

Online ISSN Print ISSN

Jozfeen et al - 2025 | 3007-2387 ‘ 3007-2379

Olaniyi JA, Akinlade KS, Adeyemo TA. Impact of magnesium and calcium on erythrocyte
deformability in sickle cell disease. BMC Hematol. 2021;21:33.

Ramakrishnan G, et al. Phosphate metabolism abnormalities in sickle cell anemia: a clinical study.
Int ] Hematol. 2021;114(5):605-16.

Batte A, Menon S, Ssenkusu ], et al. Acute kidney injury in hospitalized children with sickle cell
anemia. BMC Nephrol. 2022;23:110.

Alramadhani D, Aljahdali AS, Abdulmalik O, Pierce BD, Safo MK. Metabolic reprogramming in
sickle cell disease: opportunities for drug discovery. Int ] Mol Sci. 2022;23(13):7448.
Antwi-Boasiako C, et al. Serum potassium, sodium, and chloride levels in sickle cell patients: a case-
control study. Afr Health Sci. 2019;19(3):2000-8.

Hyponatremia in sickle cell disease: renal salt-losing state and clinical outcomes. Pediatr Nephrol.

2003;18(11):1139-42.

1435


https://pakjmcr.com/index.php/1/about

