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Sickle Cell and Control Group: A Meta-

Analysis

Abstract
Background: Sickle-cell anaemia is an inherited disease in which genes for sickle-cell 
haemoglobin comes from both parents. Electrolytes such as sodium (Na+), potassium (K+), 
chloride (Cl-) are essential for the normal functioning of the cells and organs. The present 
study was carried out to evaluate and determine the relationship between electrolytes 
values in Sickle cell anaemia patients.

Aim: To compare serum electrolytes levels between Sickle cell and control group.

Materials and Methods: Meta-analysis was carried out on the findings of ten published 
studies that were related to serum electrolytes levels of sickle cell anaemia patients. The 
pooled mean for serum electrolytes was estimated by using a random-effects model.

Results: Pooled mean for serum sodium was lower in sickle cell anaemia with p value 0.04. 
However, potassium levels were higher in patients than controls with p value 0.01.

Conclusion: Pooled mean reported in this study can be useful in working out the 
management of sickle cell anaemia.
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Highlights
•	 Sickle-cell anaemia is an inherited disease in which genes for 

sickle-cell haemoglobin comes from both parents.

•	 We evaluate and determine the relationship between 
electrolytes values in Sickle cell anaemia patients.

•	 Serum electrolytes focused in this study are sodium, 
potassium, chloride.

•	 Pooled mean reported in this study can be useful in working 
out the management of sickle cell anaemia

Introduction
Sickle-cell anaemia is an inherited disease in which genes for sickle-
cell haemoglobin comes from both parents. The erythrocytes 
become crescent-shaped, thin and long, which appears like the 
blade of a sickle. After deoxygenation of haemoglobin from sickle 
cells (called haemoglobin S), they become insoluble and forms 
polymers those aggregate into tubular fibers, whereas, normal 
hemoglobin (hemoglobin A) remains soluble [1].

The haemoglobin S changes in the permeability of membrane 
which changes electrolyte balance. Sodium and potassium fluxes 

in the spleen is increased with cellular gain of Na+ and loss of K+ 
and create imbalance in the ionic strength of the cell membrane 
[2-4].

Sickle cell patients also showed increased and continued 
obligatory losses of body fluids and electrolytes which cause 
dehydration and other metabolic disturbances. Electrolytes such 
as sodium (Na+), potassium (K+), chloride (Cl-) are essential for 
the normal functioning of the cells and organs. Any imbalance 
in them leads to serious complications. Dehydration in sickle cell 
anaemia patients cause imbalance in electrolyte levels, which 
leads to sickling, sequestration and haemolysis [5,6]. Several 
studies have been conducted in different regions, which shows 
varying estimates of the average sodium, potassium and chloride 
measure with standard deviation among case and control patients 
as highlights in Table 1 to Table 3 of this study. These results 
mislead the clinician in decision of the actual measure of the 
respective parameters i.e., there is lack of systematic review of 
this major health issue. Hence, the present study was carried out 
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to evaluate and determine the relationship between electrolytes 
values in Sickle cell anaemia patients. The serum electrolytes 
focused in this study are sodium, potassium, chloride.

Material and methods
Types of studies
The studies related with Case-control, Cross-Sectional and case 
series published or unpublished before 31 August 2020 were 
used for meta-analysis, if serum levels of sodium, potassium and 
chloride were given for comparison between case and control. 

Types of participants
Patients of any age with Sickle-cell anaemia. 

Study selection
IOM, PRISMA, and MOOSE criteria were used to evaluate the 
studies. The study selection processes is summarized in Figure 1. 
PubMed and Google Scholar database was used with using the 
keywords “Sickle-Cell” AND “Serum electrolyte” for searching the 

articles. Studies which were written in English and published as 
full-length were considered for this study. Their references lists 
were also accessed for additional support.

Types of outcome measures
1. Serum Sodium level

2. Serum potassium level

3. Serum chloride level

Data extraction
The guidelines used for meta-analysis of observational studies 
were followed and following data was extracted from each study:

1. Last name of 1st author

2. Publication year of the study 

3. Population of Patients 

4. Mean and Standard Deviation for Sodium, potassium and 
chloride separately.

Author, year Place
Cases Control

Sample Mean SD Sample Mean SD
Hagag, 2014 Egypt 60 131.15 8.55 30 137.8 3.32

Antwi-Boasiako, 2019 Ghana 79 135.01 4.71 48 140.72 4.06
Meshram, 2014 Maharashtra, India 50 127 2.1 50 141 1.21
Nnodim, 2014 Nigeria 100 125.7 3.57 100 141.44 3.18

Rath, 2019 Chhattisgarh, India 52 135.2 4.02 20 131.2 4.4
Gupta 2012 Chhattisgarh India 33 122.79 3.59 30 135.23 0.99

Madan, 2016 Wardha, Maharashtra, India) 15 113.25 27.35 15 138.43 18.87
Madhuri, 2019 Telangana, India 30 134.64 3.93 20 130.61 3.59

Yusuf and Hassan, 2017 Nigeria 74 136.04 3.0 20 139.95 4.68

Table 1: Study Characteristics for sodium measure among case and control patients.

Author, years Place
Cases Control

Sample Mean SD Sample Mean SD
Hagag et al. 2014 Egypt 60 5.24 0.69 30 4.02 0.32

Antwi-Boasiako et al. 2019 Ghana 79 5.15 0.63 48 4.81 0.6
Meshram, 2014 Maharashtra, India 50 4.7 0.17 50 3.6 0.17

Nnodim JK et al. 2014 Nigeria 100 4.08 0.28 100 2.88 0.13
Rath D et al. 2019 Chhattisgarh, India 52 4.23 0.86 20 3.8 0.3

Gupta V et al. 2012 Chhattisgarh India 33 4.24 1.16 30 4.97 0.73
Madan KA et al. 2016 Wardha, Maharashtra, India) 15 5.72 0.88 15 4.58 0.49

Bernard KFC et. al. 2018 Cameroon 40 5.47 1.72 40 5.02 1.31
Madhuri M et al. 2019 Telangana, India 30 3.99 0.95 20 3.8 0.32
Hassan RYA et al. 2017 Nigeria 74 4.58 0.67 20 3.77 0.31

Table 2: Study Characteristics for potassium measure among case and control patients.

Author, years Place
Cases Control

Sample Mean SD Sample Mean SD
Antwi-Boasiako et al. 2019 Ghana 79 102.57 12.11 48 103.56 4.16

Rath et al. 2019 Chhattisgarh, India 52 105.1 4.28 20 98.6 3.9
Madan et al. 2016 Wardha, Maharashtra, India) 15 87.3 30.79 15 110 8.56

Madhuri et al. 2019 Telangana, India 30 105.09 3.97 20 98.32 3.23
Hassan et al. 2017 Nigeria 74 96.16 3.23 20 102.95 3.97

Table 3 Characteristics for chloride measure among case and control patients.



ARCHIVOS DE MEDICINA
ISSN 1698-9465

2021
Vol.9 No.5:350

3© Under License of Creative Commons Attribution 3.0 License 

Annals of Clinical and Laboratory Research
ISSN  2386-5180

Figure 1 Flow chart in the process of study selection.

Statistical analysis
Separate contingency tables were developed for Sodium, 
potassium and chloride. A statistical analysis was conducted 
using STATA-16 statistical software. Forest plots were used for 
Meta-analyses of Sodium, potassium and chloride levels, which 
include the summary statistical estimates, 95% confidence 
intervals and relative weights represented by the middle of the 
square, the horizontal line, and the relative size of the square, 
respectively. Heterogeneity across studies was estimated by 
using I2 statistic, with values greater than 50% considered as 
substantial heterogeneity. Random-effects model was used in 
study because data, which was used in the study, was supposed 
that selection from all possible studies was random. Bias of the 
study was evaluated by using funnel graph as shown in Figures 
2B, 3B, 4B.

Result 
Ten articles that fulfil the eligibility criteria for our study and 
allocated with the relationship of Sickle cell anemia with serum 
electrolytes were included in the study. From them 9 were 
associated with serum sodium [3-11] and ten were associated 
with serum potassium [2-11] and 5 were associated with serum 
chloride [4-6,10,11]. Table 1 summarizes the pooled mean, lower 
limit, upper limit of sodium. Table 2 summarizes for potassium 
and Table 3 for chloride levels. 

Serum sodium 
Serum sodium reported in all nine studies dealing with its 
relationship with Sickle cell anaemia and controls. The pooled 
mean of sickle cell anaemia was 130.50 mEq/L (95% CI: 126.62–
134.38), with I2=53.40%. However, in control group, pooled mean 
was estimated as 137.49 mEq/L (95% CI: 134.61–140.37) with 
I2=60.40%. These results showed that there were significantly 
lower sodium levels in sickle cell patients as compared with 
controls as shown in Figure 1A.

Research publication bias was small because maximum studies 
were located the on the top and inside of the funnel figure as 
shown in Figure 1B.

Serum potassium levels
Ten studies dealing with serum potassium levels in Sickle cell 
anaemia and control group. Overall mean of all studies in sickle 
cell group was 4.60 mEq/L (95% CI: 4.25 – 4.95) with I2=16.60%, 
which was significantly higher as compared with control group 
3.87 mEq/L (95% CI: 3.47–4.28) with I2=75.54% as shown in Figure 
2A. Research publication bias was minimal because maximum 
studies were located the inside of the funnel figure as shown in 
Figure 2B.

Serum chloride levels
The Pooled mean of studies in sickle cell group was 101.53 mEq/L 
(95% CI: 95.81–107.25) with I2=32.31%, whereas, in control 
group was 100.93 mEq/L (95% CI: 97.33–104.53) with I2<0.01%. 
Five studies reveal an association with serum chloride levels in 
Sickle cell anaemia and control group. There was no statistically 
significance difference found between these groups as shown 
in Figure 3A. Studies have minimal publication bias because 
maximum studies were located the inside of the funnel figure as 
shown in Figure 3B.

Discussion 
Summary
This meta-analysis work evaluating the prognostic value of 
electrolyte in patients with sickle cell anaemia. Total 10 studies 
of sickle cell anaemia were taken in this study, from which 9 
studies had shown association with sodium, 10 were shown with 
potassium, and five chloride were taken in this study. The study 
used a random effect model, with the assumption that each 
study used randomly selected samples for analysis. The high 
heterogeneity observed in the studies of each variable type was 
due to the different periods in which the studies were carried 
out, and the diversity of locations, cultures and economic status.

Strengths and limitations
Commonly sodium (Na+), Potassium (K+), Chloride (Cl-) were 
measured electrolytes in blood testing. In extra cellular fluid 
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Figure 2A Forest plot of random-effects meta-analysis for Serum sodium in Sickle cell anaemia and control group.

Figure 2B Funnel plot with Pseudo 95% Confidence Interval for serum chloride levels in Sickle cell anaemia and control group.
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Figure 3A Forest plot of random-effects meta-analysis for serum potassium levels in Sickle cell anaemia and control, group.

Figure 3B Funnel plot with Pseudo 95% Confidence Interval for serum potassium levels in Sickle cell anaemia and control group.
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Figure 4A Forest plot of random-effects meta-analysis for serum chloride levels in Sickle cell anaemia and control group.

Figure 4B Funnel plot with Pseudo 95% Confidence Interval for serum chloride levels in Sickle cell anaemia and control group.
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sodium was the major cation, which is present with anion 
chloride in the form of NaCl [12,13]. They help in the regulation 
of total water balance in the body and sodium also helps in the 
electrical communication between different systems like nervous, 
muscular and brain. Normal value of sodium in the serum is 135-
145 milliequivalent (meq/L) [12,14]. Major intracellular cationic 
potassium, which is important for the normal function of cell. 
Most important function is regulation of heart beat and muscles 
function. Normal blood level is 3.5-5.0 milliequivalent (meq/L) 
[12,15]. In sickle cell anaemia due to deoxygenation, there is 
defect in the cation permeability of sodium and potassium. 
Due to dehydration in sickle cell there is increase in the loss of 
electrolytes by urine [12,15]. 

Comparison with existing literature
This study reveals that pooled mean sodium levels in sickle cell 
anaemia patients had lower than control patients, which was due 
to dehydration which triggered by movement of sodium into the 
sickle cell. These were in confirmation with studies done by Hagag 
AA et al. [7], Meshram AW [3], Nnodim JK et al. [8], Gupta V et 
al. [9], Madan KA et al. [5] and Madhuri M et al. [10]. However, 
studies conducted by Antwi-Boasiako C et al. [6], Rath D et al. [4], 
Hassan RYA et al. [11] shown contradicting results with our study.

This study also indicates that potassium pooled mean level was 
reported higher in sickle cell patients as compare to control but 
both were within the normal range (3.5-5.0 mEq/l). The possible 
mechanism was that sickle cell patients usually encountered Cell 
dehydration and hypoxia, which leads to the loss of potassium 
from the cell into the extracellular fluid [6,16-20]. studies done 
by Hagag AA et al. [7], Antwi-Boasiako C et al. [6], Meshram AW 
[3], Nnodim JK et al. [8], Rath D et al. [4], Madan KA et al. [5], 
Bernard KFC et al. [2], Madhuri M et al. [10], Hassan RYA et al. 
[11] showed similar results with our study, however, study done 
by Gupta V et al. [9] showed contradicting results.

Conclusion
The pooled mean for serum sodium, potassium and chloride levels 
in sickle cell anaemia patients are most commonly measured 
electrolytes in routinely. Levels of serum sodium in sickle cell 
anaemia decreased, whereas, potassium levels were increased, 
suggest that routinely quantification estimation of sodium and 
potassium will help in the management of sickle cell anaemia.

Conflict of interest
None

References
1. Nelson DL, Cox MM. (2020) Lehninger Principles of Biochemistry: 

David L. Nelson, Michael M. (5th Edition).

2. Fotsing K, Bernard C, Nya B, Cabral P, Bernard C, et al. (2018) 
Electrolytic and Oxidative Stress Profile of Sickle Cell Anaemia 
Patients in Cameroon : The Effect of Some Extrinsic Factors. Asian 
Hematol Res J. 1: 1–11. 

3. Meshram A, Bhatkulkar P, Khare R, Pazare K. (2014) Haematological 
indices and electrolyte status in sickle cell disease at rural hospital of 
central Maharashtra. Int J Med Sci Public Heal. 3: 1410. 

4. Rath D, Tomar DS, Khodiar PK, Patra PK. (2019) Evaluation of 
Serum Electrolytes in Sickle Cell Disease Patients with Respect to 
Hydroxyurea Therapy. Indian J Med Biochem. 23: 182–184. 

5. Madan DKA, Baliga DS, Thosar DN, Khatri DS, Rathi DN, et al. (2016) 
Evaluation of saliva as a biochemical indicator for electrolyte estimation 
in sickle cell anaemic patients. IOSR J Pharm Biol Sci. 11: 5–8. 

6. Antwi-Boasiako C, Kusi-Mensah YA, Hayfron-Benjamin C, Aryee R, Dankwah 
GB, et al. (2019) Serum Potassium, Sodium, and Chloride Levels in Sickle Cell 
Disease Patients and Healthy Controls: A Case-Control Study at Korle-Bu 
Teaching Hospital, Accra. Biomark Insights. 14.

7. Abdelhaleim-Hagag AA, El-Farargy MS, Abo El-Enein AM (2015) 
Study of adrenal functions using ACTH stimulation test in Egyptian 
children with sickle cell anemia: Correlation with iron overload. Int J 
Hematol Stem Cell Res. 9: 6–12. 

8. Nnodim JK, Meludu SC, Dioka CE, Onah C, Chilaka UJ, et al. (2014) 
Altered membrane potential and electrolyte in sickle cell anemia. J 
Krishna Inst Med Sci Univ. 3: 70–73. 

9. Vikas G, Ajay KS JS (2012) Variation in Serum Electrolyte in Sickle Cell 
Patients in Chhattisgarh Population. Int J Sci Innov Discov. 239–243. 

10. Madhuri M, Manoj P, Rajkumari DMM, Raju AG (2019) Study on 
Serum Electrolytes in Sickle Cell Disease Patients on Hydroxyurea 
Therapy and Non-Hydroxyurea Therapy. Int J Contemp Med Res 
[IJCMR]. 6: 12–15. 

11. Yusuf, Hassan A, Ibrahim I, Babadoko A, Ibinaiye P, et al. (2017) 
Assessment of kidney function in sickle cell anemia patients in Zaria, 
Nigeria. Sahel Med J. 20: 21.

12. Agoreyo FO, Nwanze N (2010) Plasma sodium and potassium 
changes in sickle cell patients. Int J Genet Mol Biol. 2: 14–19. 

13. Vitoux D, Beuzard Y, Brugnara C (1999) Membrane Biology 
Cotransport in Human Erythrocyte Ghosts. 240: 2233–40. 

14. Vitoux D, Olivieri O, Garay RP, Cragoe EJ, Galacteros F, et al. 
(1989) Inhibition of K+ efflux and dehydration of sickle cells by 
[(dihydroindenyl)oxy]alkanoic acid: An inhibitor of the K+Cl- 
cotransport system. Proc Natl Acad Sci U S A. 86: 4273–4276. 

15. Browning JA, Robinson HC, Ellory JC, Gibson S (2007) Cellular Physiology 
Biochemistry and Biochemistr y Deoxygenation-Induced Non-
Electrolyte Pathway in Red Cells from Sickle Cell Patients. 165–174. 

16. Noguchi CT, Schechter AN, Rodgers GP (1993) 3 Sickle cell disease 
pathophysiology. Bailliere’s Clinical Haematology. 6: 57–91. 

17. Manwani D, Frenette PS (2013) Vaso-occlusion in sickle cell disease: 
pathophysiology and novel targeted therapies. Hematology Am Soc 
Hematol Educ Program. 2013: 362–369. 

18. Nath KA, Hebbel RP (2015) Sickle cell disease: renal manifestations 
and mechanisms. Nat  Rev Nephrol. 11: 161-171.

19. Drawz P, Ayyappan S, Nouraie M, Saraf S, Gordeuk V, et al. (2016) 
Kidney Disease among Patients with Sickle Cell Disease, Hemoglobin 
SS and SC. CJASN 11: 207-215.

20. Phuong-Thu T, Pham, Alan H (2000) Wilkinson, Susie Q. Lew. Renal 
abnormalities in sickle cell disease. Perspectives in Renal Medicine. 57: 1-8.


