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 Sickle cell anemia is a chronic, inherited hemoglobinopathy disease that 

has a high morbidity and mortality. Zinc has a crucial role in immunity 

and growth, which are affected in these patients. This review evaluated 

the zinc level in sickle cell anemia patients. Cochrane Library, PubMed, 

Medline, and Google Scholar were searched and limited to the period 

from January 2012 to December 2022. The keywords "zinc levels," 

"sickle cell disease," "serum zinc," "sickle cell anemia," and "urinary 

zinc" were used. Out of the 353 studies, 76 full texts were screened, and 

only thirteen studies were included in the final analysis. The author's 

name, year of publication, patient's number, and study duration were 

collected and entered in an excel sheet. The RevMan system for meta-

analysis was used, and the data were all continuous. The random effect 

was used due to the significant heterogeneity. Funnel plots were used to 

assess lateralization. A P-value of <0.05 was considered significant. The 

studies included 1513 patients and control subjects. In case-control 

studies, zinc levels were lower in patients with sickle cell disease; the 

odd ratio was -10.88, the 95% CI was -16.27—5.49, and the P-value for 

the overall effect was 0.0001. The cross-sectional studies showed the 

same, odd ratio, -22.07, 95% CI, -30.15—13.99, and the P-value for the 

overall effect, <0.0001. This review showed that the zinc level is low in 

sickle cell anemia patients compared to normal children, which has a 

negative impact on the disease. Randomized control studies are needed. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Sickle-cell disease (SCD) is a chronic inherited hemoglobinopathy. Mutations of the globin genes resulting 

in the production of structurally abnormal hemoglobin variants. In the Middle East and sub-Saharan Africa, 

sickle cell disease is very prevalent. Studies from Asia reported 2-17% of heterozygous carriers [1]. To 

reduce the prevalence of SCD, this fact compelled the Saudi Arabian Ministry of Health to create a health 

awareness program and include genetic assessment and SCD screening under the "Healthy Marital 

Program. The Saudi Premarital Screening Program has recently assessed the prevalence to be 5/1000 for the 

SCD trait and 0.38/1000 for the sickle cell anemia (SCA) [2]. 
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Due to the high rate of consanguinity marriages in some Asian countries, there is a higher chance that a 

child will be homozygous for sickle cell and have clinical problems. SCA patients have a high morbidity 

and mortality rate, requiring frequent visits to the clinic and emergency room. SCA problems accounted for 

22.6% of monthly admissions in some regions of Saudi Arabia [3]. 

 

These patients are more likely to have several micronutrient deficits, including zinc deficiency, which leads 

to many complications including infections, growth retardation, and increased vaso-occlusive crises. Zinc 

deficiency is linked to increased disease severity in children and adolescents with SCD. Monitoring zinc 

status in children with SCD appears critical for reducing infections and morbidity associated with the 

condition [4]. 

 

Multiple immune system functions are impacted by zinc. Neutrophils, natural killer cells, and innate 

immunity-mediating cells all require zinc for appropriate growth and operation. Although zinc deficiency 

has an impact on phagocytosis, intracellular killing, and cytokine generation. Zinc deficiency also 

negatively impacts T and B cell development and function. Zinc is necessary for cell division, activation, 

and the production of DNA and RNA. Zinc deficiency increases the rate of apoptosis (programmed cell 

death). Cytokines, the primary immune system messengers, are negatively impacted by zinc deficiency in 

both their secretion and their actions. Zinc stabilizes membranes and serves as an antioxidant [5]. 

 

The current review aimed to compare zinc level in sickle cell anemia patient compared to control group 

 

2. Subjects and Methods 

 

2.1 Eligibility Criteria according to PICOS 

We included if they were cross-sectional, case-control, retrospective or prospective cohorts, or randomized 

controlled studies (RCTs). The studies were eligible if they report zinc level among interventional and 

control groups. Case reports and case series, and animal studies were not approached. 

 

2.2 Outcome measures 

The level of zinc among sickle cell disease and normal control subjects. 

 

2.3 Information sources and search 

We searched the Cochrane Library, PubMed, Medline, and Google Scholar. The search was conducted 

during December 2022 and limited to the period January 2012 up to December 2022. The keywords zinc 

levels, sickle cell disease, serum zinc, sickle cell anemia, and urinary zinc were used. Out of the 353 

studies, 223 were eligible after removal of duplication, of them, 76-frull text were screened and only 

thirteen studies were included in the final analysis. 

 

The serum level among sickle cell disease and control subjects. The author's name, year of publication, 

patient is number, the study duration were collected and entered in an excel sheet. Newcastle Ottawa Scale 

assessed the quality of the included study [8]. Figure 1 and tables 1 &2. 

 

2.4 Data analysis 

The RevMan system for meta-analysis was used, and the data were all continuous. The fixed effect or 

random effect was used depending on the level of heterogeneity. Funnel plots were used to assess 

lateralization. A P-value of <0.05 was considered significant. 
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Figure 1. Zinc level among patients with sickle cell disease (The PRISMA Chart) 

 

Table 1. Zinc level among the study group (case control studies). 

Author  Country  Zinc patients  Number  Zinc control  Number  

[6] Nigeria  46.26±1.98 74 54.6±1.23 50 

[7] Nigeria  58.01 ± 10.58 81 68.37 ± 8.6 81 

[8] Turkey  158.3±13.8 15 154.1±22.4 10 

[9] Congo  0.27±0.58 76 1.64±0.14 76 

[10] Iraq  67.25±17.78 87 90.34±16.38 90 

 

Table 2. Zinc level among the study group (cross-sectional studies). 

Author  Country  Zinc patients  Number  Zinc control  Number  

[11] Iraq  62.2±12.6 42 94.2±12.5 50 

[12] Ghana  66.5±5.8 34 101.4.±9.4 50 

[13] Brazil 60±10 43 80±20 60 
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[14] Saudi Arabia 65.5±22.59 33 94±13.75 33 

[15] Nigeria  23.4±7.4 70 48.9±14.4 70 

[16] Nigeria  58.01±10.58 81 68.37±8.67 81 

[17] Nigeria 101±13.46 80 105.7±11.5 80 

[18] India  83.09±9.26 33 104.06±6.27 33 

 

3. Results 

Characteristics of the included studies. Thirteen studies (five case-control and eight cross-sectional), seven 

were from Africa; five were published in Asia, and one from South America. 

 

3.1 Forest Plot of the included studies 

There were five case-control studies [6- 10] and eight cross-sectional studies [11- 18]. The studies included 

1513 patients and control subjects. Zinc levels were lower among patients with sickle cell disease in case-

control studies, odd ratio, -10.88, 95% CI, -16.27—5.49, the P-value for overall effect, <0.0001. A 

significant heterogeneity was found, I2=99%, P-value for heterogeneity <0.0001. The Chi-square, 741.88, 

and the degree of freedom, 4. Figure 2. 

 

The cross-sectional studies showed the same, odd ratio, -22.07, 95% CI, -30.15—13.99, the P-value for 

overall effect, <0.0001. A significant heterogeneity was found, I2=97%, P-value for heterogeneity <0.0001. 

The Chi-square, 212.52, and the degree of freedom, 7. Figure 3 

 

 
Figure 2. Zinc level among the study group (case control studies). 

 

 
Figure 3. Zinc level among the study group (cross-sectional studies). 

 

4. Discussion 

The meta-analysis showed that zinc levels were lower among patients with sickle cell disease in case-

control studies, odd ratio, -10.88, 95% CI, -16.27—5.49. The same for cross-sectional studies, odd ratio, -

22.07, 95% CI, -30.15—13.99, value for heterogeneity <0.0001. There is only one previous meta-analysis 

study done by [19]. Studying zinc level in sickle cell anemia patients. However, that study was limited by 

substantial heterogeneity, pooling studies with different methodologies and including all studies until 2021, 

for a total of 36 studies. His study revealed zinc level is lower in sickle cell anemia patients compared to the 
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control group. The human body has 2-4 grams of zinc, which is the second most prevalent metal in 

organisms after iron. It is the only metal that functions as a coenzyme for every type of enzyme. When it 

was discovered that zinc was necessary for the growth of the fungus Aspergillus niger in 1869, a 

physiologically significant role for zinc was first described. Plant development requiring zinc was 

discovered in 1926, and shortly after that, its first use in mammals was discovered [20]. Zinc is a 

biologically necessary trace element that is important for cell division, growth, and differentiation [21]. It is 

a crucial structural element of numerous proteins, including signaling enzymes and transcription factors, 

and is necessary for DNA synthesis, RNA transcription, cell division, and cell activation. More than 300 

enzymes depend on zinc to function. Zinc insufficiency was thought to be uncommon. But today, zinc 

insufficiency is acknowledged to be widespread, particularly in underdeveloped nations. 

 

Sickle cell anemia patients have a high risk of zinc deficiency due to increased urinary loss of zinc [22], 

[23]. This loss was exacerbated by painful crises [24]. Chronic stress and ischemic damage cause renal 

tubular injury, which interferes with zinc absorption. Because erythrocytes contain a high percentage of 

zinc, chronic hemolysis increases the burden of zinc loss. Zinc has an important role in normal growth and 

immune system function. It decreases the severity of sickle cell disease [25] including infection [26] vaso-

oclusive crisis [27]. In addition, its deficiency will affect growth [28], [29]. The potential for red blood cells 

to sickle is significantly reduced when serum zinc levels are restored, and SCA patients experience a 

notable decrease in the frequency of vaso-occlusive episodes [14]. It has also been demonstrated that zinc 

supplementation in SCA patients can correct defects in the activity of natural killer cells and the delayed 

type of hypersensitivity reaction. There is only one study done by [14], in the Kingdom of Saudi Arabia 

comparing zinc level in sickle cell anemia patients and controls, which showed the same result. 

 

All institutions must implement and adhere to protocols for monitoring and supplementing sickle cell 

anemia patients with zinc. 

 

5. Conclusion 

Zinc level is low in sickle cell anemia patients compared to normal children, which has a negative impact 

on the disease. 

 

6. Limitation 

We included only observational studies, small number of the included studies, and the significant 

heterogeneity observed. 
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