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Abstract
Background: Sickle cell disease affects about 112 per 100,000 live births globally. Leg ulcer is a major
and clinically challenging complication of sickle cell disease. It affects about 1.0 -75 % of SCDs with
exact prevalence unknown. This study aims to determine pooled prevalence of leg ulcer in sickle cell
disease as well as evaluate moderating effects of single nucleotide polymorphisms, patient’s age and
sex, geographical locations, treatment modalities and expression of plasma cytokines.

Methods: A search strategy is developed using MeSH, text words and entry terms. Nine databases will be
searched: PuMed, African Journal Online, Embase, Google Scholar, Scopus, Cochrane Library, CINAHL,
Web of Science and ResearchGate. Only observational studies, retrievable in the English language will be
included. The primary outcome is the proportion of leg ulcers in sickle cell disease. The effect size is
prevalence. Identi�ed studies will be screened and selected based on inclusion criteria using EndNote
version 9. Quality scores and risk of bias for individual studies will be reported. Studies will be assessed
for methodological, clinical, and statistical heterogeneity. Funnel Plots will be used to assess publication
bias. Extracted data items will be arranged in Microsoft Excel before exporting them to CMA software for
quantitative analysis. The random model computation for pooled effect size will be used. Results
including pooled prevalence, standard error, 95 % CI and subgroup analysis will be presented in forest
plots.

Discussion: Ethical approval will not be required since this study is based on published data. This
protocol will enable reproducible and accurate estimation of pooled prevalence of leg ulcers and effects
of moderators in sickle cell disease. The data from such review will stimulate further research into leg
ulcers in SCD. The �nal report of this study will be published in a peer-reviewed journal and the �ndings
will be made available to various health experts that manage SCD patients especially haematologists.

Trial Registration Number: This protocol is registered in PROSPERO; with registration number
CRD42020213310. 

Background
Sickle cell disease (SCD) is one of the commonest genetic diseases worldwide. It results from mutation
on the sickle β-globin gene at position 6. It is inherited in an autosomal recessive fashion either in the
homozygous state as seen in haemoglobin (Hb) SS or in a heterozygous state such as the HbSC.
Wastnedge et al, 2018 estimated the global burden of homozygous sickle cell disease at 112 per 100,000
live births [1]. SCD presents as a systemic and multiorgan disorder with a wide range of variability in its
clinical presentation including vaso-occlusive pain crises, acute chest syndrome, pulmonary hypertension
and leg ulcers among others [2].

Leg ulcer is one of the haemolysis-endothelial dysfunction manifestations of SCD. Its aetio-pathogenesis
is complex and is thought to be multifactorial [3-4]. The prevalence varies from as low as 1.0% to as high
as 75.0% depending on the Hb phenotype, geographical location, age and gender [5-7]. It commonly
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occurs in areas of the body with thin skin, little or no subcutaneous fat with minimal blood �ow such as
the malleoli [6].According to Antwi Boasiko and colleagues, the geographical distribution of sickle leg
ulcers cuts across the entire globe affecting USA, UK, Italy with the highest prevalence observed in Sub-
Saharan Africa especially Ghana 18.6% [7]. This high prevalence has been associated with HbSS
genotype, older age and male gender [7,8].

Factors like marked haemolysis, low oxygen saturation, proteinuria, albuminuria, low haemoglobin,
increased total bilirubin and lower body mass index could predict development of SCD leg ulcers [ 9 ].
Vasculopathy with attendant endothelial dysfunction which results from effects of recurrent vaso-
occlusion, excessive elaboration of adhesion molecules and consequent tissue ischaemia is an
independent predictor of leg ulcers in SCD [10,11,12].

Single nucleotide polymorphisms (SNPs) are known genetic modi�ers of severity of sickle cell leg ulcer. In
a recent genome wide association study (GWAS), robust associations of both individual SNPs and genes
with leg ulcer were observed [13]. The SNP analysis identi�ed several SNPs that were associated with leg-
ulcer. These included SNPs in activated leukocyte cell adhesion molecule (ALCAM) which is supposed to
regulate endothelial functions, as well as several SNPs located in gene desert regions [13,14].

High serum levels of pro-in�ammatory and T-helper 17 cells related-cytokines (IL-6, IL-17A, IL-22 and IL-
23) have all been strongly associated with increased risk of developing leg ulcers in sickle cell disease
[15,16].

Leg ulcerations have been an age-long recognized complication of SCD, with the �rst sickle cell disease
patient in North America reported to have leg ulcer [17]. Despite this, there is no clearly de�ned
management protocol for the complication. Several practitioners and researchers have tried different
treatment modalities with varying clinical outcomes. These modalities include chronic transfusion
therapy, exchange blood transfusion, bacterial culture and sensitivity directed antibiotic use, hydroxyurea,
topical sodium nitrite, hydrogen negative pressure therapy, high resting perfusion, and stem cell
transplantation among others [18,19,20,21]. In all these, management remains a challenge. However, a
multidisciplinary approach is strongly recommended. Sickle cell leg ulcer is a very disabling and dreaded
complication of SCD characterized by severe pain, indolent clinical course, treatment challenges and high
degree of recurrence [9,10]. The typical pain from leg ulcers in sickle cell disease patients, in addition to
sleep disruption, depression, �nancial loss and overall reduction in quality of life, typi�es the global
manifestations of the disease complications [22]. Sickle Leg ulcers are associated with renal disease,
severe anaemia, priapism, pulmonary hypertension and sometimes stroke [23,24]. Leg ulcers have been
recognized as a marker of disease severity in SCD with associated morbidity and mortality [25]. Our
protocol is aimed at enabling a transparent, accurate and reproducible review of pooled prevalence of leg
ulcers in SCD and moderating effects of gender, patient’s age, types of SNPs and plasma levels of
cytokines.

Method And Design
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OBJECTIVE

The overall objective of this study is to determine the pooled global prevalence of leg ulcers in sickle cell
disease and the associations of patients’ age and sex, SNPs, cytokines and geographical location with
leg ulcers in SCD as well as therapeutic modalities available for the treatment.

Study objectives: 

1. To determine the pooled global prevalence of leg ulcers in sickle cell

2. To determine the associations of patients’ age and sex, SNPs, cytokines and geographical location
with leg ulcers in SCD.

3. To determine the therapeutic modalities available for the treatment. 

Review Questions: 

Speci�c questions to be addressed in in a review using this protocol include: 

a. What is the overall global prevalence of leg ulcers in sickle cell disease?

b. Do SNPs have signi�cant associations with presence of leg ulcers in SCD?

c. Do mean plasma cytokine levels predict prevalence of leg ulcers in SCD?

d. Which treatment modalities are widely used for leg ulcers in SCD?

e. Are patients’ age and sex associated with frequency and severity of leg ulcers in SCD?

f. Does geographical distribution of leg ulcers in SCD vary globally?

g. What is the global mean age distribution of SCD patients with leg ulcers?

Study Design 

This is a protocol for systematic review and meta-analysis. It is designed for observational studies only.
There is no time frame or restriction on selection of studies. Screening and selection of studies will be
done using the bibliography software, Endnote version 9. Other similar softwares can be used. Extracted
data items will be arranged in Microsoft Excel and analyzed in the Comprehensive Meta-Analysis
Software CMA version 3. This protocol follows PRISMA-P Checklist.

Inclusion criteria are 

a. observational studies like cross-sectional studies, case-control studies, cohort studies, and historical
cohort

b. study must report prevalence of leg ulcers in cell sickle disease as primary outcome.

c. studies must be retrievable in the English 

d. tsudies that are available in electronic databases will be used. Grey literature will not be included.

Exclusion criteria are 
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a. letters to editors, reviews, commentaries, and editorials

b. duplicates of same studies,

c. studies with secondary outcomes but no primary outcome (prevalence of leg ulcer in SCD).

d. studies that are not retrievable in English language

e. I nterventional studies including randomized clinical trials and quasi-clinical trials. 

This review will be reported in line with Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA 2015 Statement).

PICOs

Participants: sickle cell patients with leg ulcer.

Intervention: there is no intervention.

Comparator: There is no comparator.

Outcomes: Primary outcome is prevalence of leg ulcers in sickle cell disease.

Secondary Outcomes: frequency and types of SNPs in leg ulcers in sickle cell disease, mean plasma or
serum levels of cytokines, geographical distributions, and treatment modalities for leg ulcers.

Information sources

The search will employ sensitive topic-based strategies designed for each database. Nine databases will
be searched: PubMed, AJOL, Google Scholar, Cochrane library, Embase, CINAHL, Web of Science,
ResearchGate, and Scopus will be included. All the databases are electronic.

Search strategy 

The search strategy will include MeSH terms, text words, and entry terms. The search strategies to be
used in various databases are shown in Table 1.

Data Extraction and Management

a. Screening of studies

Studies will be searched using the search strategy shown in Table 1. There are four levels of data
screening in this study:

a. level 1 is based on study design: only observational studies, published and/ or retrievable in the
English Language will be included; other study designs will be excluded.

b. level 2: selected studies will �rst be screened by titles and abstracts using entry terms, keywords, and
MeSH terms.
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c. level 3: selected studies will be further screened by full-text reading using the same strategy.

d. level 4: snowballing of literature from included studies.

Fourteen reviewers are involved in this study. A pair of reviewers will independently screen studies from
each database. This is a blinded review. Con�icts will be resolved by a third independent reviewer.
Screening will be done in Endnote version 9. After screening, data will be exported to Microsoft Excel. All
eligible studies will be snowballed for further articles.

b. Selection process:

Studies are selected based on eligibility criteria, after blinded screening. Selection process is done in
Endnote version 9. All selected studies are exported into Microsoft Excel. Authors of eligible studies with
missing data will be contacted via email and telephone.

c. Data collection process:  

De-duplication of the studies will then be done in the EndNote version 9. The following data items will be
extracted from eligible full text articles:

a. �rst author's surname and year of publication.

b. proportion of leg ulcers in sickle cell disease.

c. proportion of SNPs in leg ulcers in sickle cell disease

d. mean plasma cytokine levels in leg ulcers in SCD

e. patient's age.

f. patient's sex.

g. geographical location of each study.

h. sample size.

i. treatment modalities for leg ulcers in SCD.

Extracted data items entered into Microsoft Excel before being exported to CMA Software for meta-
analysis.

Data items (Measurable outcomes) 

Data items to be extracted include the following: 

a. Proportion of of leg ulcer in sickle cell disease (primary outcome) or any other primary index such as
incidence etc that can be converted to prevalence, from studies that are of similar design and report
outcome.

b. Geographical distribution of leg ulcers in SCD by country,

c. SNPs associated with leg ulcers in SCD,
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d. Cytokines associated with sickle cell leg ulcers,

e. Treatment modalities for sickle cell leg ulcers, and

f. Age and gender distribution of sickle cell patients with leg ulcer

Risk of bias 

The risk of bias in included studies will be accessed for the individual studies using the National Institute
of Health (NIH) Quality assessment tool for observational, cohort and cross-sectional studies [29]. This
will be cross-checked with the Cochrane tool of risk of bias assessment for the strength of the body of
evidence; i.e. using speci�c relevant items from this tool to assess the strength of the body of evidence.

The following areas shall be assessed and any study with extreme bias will be excluded following a
consensus decision.

1. Method of testing/reporting will be assessed at the outcome level.

2. Reporting of study: whether prevalence with 95 % con�dence interval or number of positive cases per
sample size is reported at the outcome level.

3. Heterogeneity will be assessed at the study level.

4. Publication bias will be assessed at the study level.

5. Geographical location of participants will be checked in each study.

Data synthesis

a. Studies that passed the methodological quality assessment using the NIH quality assessment tool will
be extracted. The eligible studies will be presented in tabular format. Narrative synthesis will be
performed using all eligible

b. The following shall be included into meta-analysis.

i. Reported prevalence or number of sickle cell patients with leg ulcer and sample size by individual
studies. Effect size is prevalence. This variable must be present for a study to be included for
Quantitative analysis. It is the primary measurable outcome. 

ii. Reported association of sickle cell leg ulcer with SNPs. Effect size is OR (odd ratio).

iii. Geographical location of each study as a categorical data.

iv. Mean value of cytokines in sickle cell leg ulcer. Effect size will be Cohen’ d.

v. Reported treatment modalities for leg ulcers in SCD, reported as categorical data.

vi. Reported mean age distribution of sickle cell patients with leg ulcers. Effect size is Cohen’s d.

Quantitative Analysis 
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Screened and eligible studies will be quantitatively analyzed using the CMA Software Version 3 (BioStat,
USA). For each reported prevalence of leg ulcer, standard error and variance for each speci�c eligible
study will be calculated by the CMA software. Subgroup analysis will also be done using variables such
as geographical location, gender, treatment modalities and types of SNPs as moderators.

Meta-regression will be done with mean cytokine level and mean age as independent variables.

A cumulative meta-analysis will be performed to check for trend of prevalence over the years in the
selected studies.

Assessment of Meta-bias

To test for heterogeneity, Cochrane’s Q value and its p value, I², ² will be used. Sensitivity test using
include/exclude function in the CMA Software will be performed to check the effect of heterogeneity on
pooled prevalence of leg ulcers. Publication bias in the selection of studies will be tested using funnel
plot (trim and �ll method) and test for funnel plot asymmetry. As a rule of thumb, I² values of less than
40% will be considered low heterogeneity while values > 40 but < 75% will be considered moderate and
values >75% are high.

Both random and �xed effect models will be assessed, and the appropriate model will be taken based on
the forest plots.

Discussion
The study selection process will be summarized in a �ow diagram according to the PRISMA 2015
Statement [30] and PRISMA-P Checklist [31]. A table of search strategy in various databases showing text
words, MeSH and entry terms will be included. List of included studies will be summarized in a table.
Quantitative data such as effect size (prevalence), 95% CI, P values, relative weights assigned to studies
and heterogeneity tests will be included in the forest plots. A table of quality scores and risk of bias of
each eligible study will be included. Forest plots to show sub-group analysis will be included. Regression
plots on mean cytokine levels and mean age distributions will be included in separate plots. The burden
of leg ulcers in SCD will be discussed in relation to the pooled prevalence. The association between SNPs,
cytokines and prevalence of leg ulcers will be discussed. The modifying effects of SNPs and cytokines, if
any, will be examined. A regression model that predicts prevalence of leg ulcers in SCD using explanatory
variables such as mean cytokine level and patients’ age.

The �nal reports will be published in a peer-reviewed scienti�c journal and also made accessible to
experts that handle sickle cell patients including Haematologists and Paediatricians.

List Of Abbreviations
AJOL: African Journal Online
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AGCPN: Association for Good Clinical Practice in Nigeria

CINAHL: Cumulative Index of Nursing and Allied Health Literature

SCD: Sickle Cell Disease

SNP: Single Nucleotide Polymorphism

CMA: Comprehensive Meta-Analysis Software

NIH: National Institute of Health

OR: Odd Ratio

PRISMA: Preferred Reporting Items for Systematic Review and Meta-analysis

PROSPERO:  International Prospective Register of Systematic Reviews
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S/No Database Search strategy

1 PubMed (((Leg Ulcers OR Foot Ulcer) OR "Leg Ulcer"[Mesh]) AND (Anemias,
Sickle Cell OR Sickle Cell Anemias OR Hemoglobin S Disease OR
Hemoglobin S Diseases OR Sickle Cell Anemia OR Sickle Cell Disorder*
OR Sickling Disorder Due to Hemoglobin S OR HbS Disease OR Sickle
Cell Disease* OR Hemoglobin SC Disease)

2 AJOL Leg Ulcers OR Leg Ulcer AND Anemias, Sickle Cell OR Sickle Cell
Anemias OR Hemoglobin S Disease OR Hemoglobin S Diseases OR Sickle
Cell Anemia OR Sickle Cell Disorder* OR Sickling Disorder Due to
Hemoglobin S OR HbS Disease OR Sickle Cell Disease* OR Hemoglobin
SC Disease

3 Google

Scholar

Leg Ulcers OR Leg Ulcer AND Anemias, Sickle Cell OR Sickle Cell
Anemias OR Hemoglobin S Disease OR Hemoglobin S Diseases OR Sickle
Cell Anemia OR Sickle Cell Disorder* OR Sickling Disorder Due to
Hemoglobin S OR HbS Disease OR Sickle Cell Disease* OR Hemoglobin
SC Disease

4 Cochrane

library

(Leg Ulcers OR Foot Ulcer OR "Leg Ulcer" AND Anemias, Sickle Cell OR
Sickle Cell Anemias OR Hemoglobin S Disease OR Hemoglobin S
Diseases OR Sickle Cell Anemia OR Sickle Cell Disorder* OR Sickling
Disorder Due to Hemoglobin S OR HbS Disease OR Sickle Cell Disease*
OR Hemoglobin SC Disease)

5 Embase Leg Ulcers OR Leg Ulcer AND Anemias, Sickle Cell OR Sickle Cell
Anemias OR Hemoglobin S Disease OR Hemoglobin S Diseases OR Sickle
Cell Anemia OR Sickle Cell Disorder* OR Sickling Disorder Due to
Hemoglobin S OR HbS Disease OR Sickle Cell Disease* OR Hemoglobin
SC Disease

6 CINAHL Leg Ulcers OR Leg Ulcer AND Anemias, Sickle Cell OR Sickle Cell
Anemias OR Hemoglobin S Disease OR Hemoglobin S Diseases OR Sickle
Cell Anemia OR Sickle Cell Disorder* OR Sickling Disorder Due to
Hemoglobin S OR HbS Disease OR Sickle Cell Disease* OR Hemoglobin
SC Disease

7 Web of

Science

Leg Ulcers OR Leg Ulcer AND Anemias, Sickle Cell OR Sickle Cell
Anemias OR Hemoglobin S Disease OR Hemoglobin S Diseases OR Sickle
Cell Anemia OR Sickle Cell Disorder* OR Sickling Disorder Due to
Hemoglobin S OR HbS Disease OR Sickle Cell Disease* OR Hemoglobin
SC Disease

8 Research

Gate

Leg Ulcers OR Leg Ulcer AND Anemias, Sickle Cell OR Sickle Cell
Anemias OR Hemoglobin S Disease OR Hemoglobin S Diseases OR Sickle
Cell Anemia OR Sickle Cell Disorder* OR Sickling Disorder Due to
Hemoglobin S OR HbS Disease OR Sickle Cell Disease* OR Hemoglobin
SC Disease

9. Scopus  
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