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Abstract

Background: Haemoglobinopathies are genetic hemoglobin morbidities marked by erythrocyte anisocytosis. Anisocytosis 
is measured by red cell distribution width (RDW), which is easily provided by hematology analyzers as a total blood count 
statement. In Sudan, the efficacy of RDW as a prognostic biomarker for hemoglobinopathies is limited and unsubstanti-
ated.

Objective: The purpose of this study was to illustrate the diagnostic efficiency of RDW in the diagnosis of hemoglobinopa-
thy in eastern Sudanese patients.

Material and Methods: A case-control hospital-based study was held from January 2013 to December 2015. In this study, 
59 patients and 59 controls were recruited. Capillary electrophoresis was used to confirm the findings. Red cell distribution 
width for hemoglobin variants was explored using the receiver operating characteristic (ROC) curve.

Results: The RDW exhibited a diagnostic marker in Sickle cell disease (SCD) phenotypes at 14.2% ROC curve (AUC= 0.792; 
P= 0.015; sensitivity = 85.1; specificity = 82.0; 95.2% CI: 0.597-0.987). Red cell distribution widths were also successful in 
detecting -thalassemia trait, according to a 15.6 % ROC curve (AUC= 0.708; P= 0.038; sensitivity = 79.0 %; specificity = 77.0 
%, 95 % Confidence interval 0.597-0.987).

Conclusion: These findings imply that the red cell distribution width is a promising diagnostic marker for sickle cell disease 
and β-thalassemia traits. Nonetheless, as the data used were retrospective, more research should be done to establish the 
diagnostic significance of this hematological index for hemoglobinopathy. 
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Introduction

Hemoglobinopathies are genetic hemoglobin problems gen-
erated by mutations in the genes that codify the polypeptide 
chain of hemoglobin. These structural hemoglobin defects 
provide functionally compromised molecules, which induce 
poor oxygen supply and vulnerability to elimination by the 
victim’s reticuloendothelial system, with lethal or life-threat-
ening severe anemia and hypoxia as a result [1]. According to 
the World Health Organization, over 7% of the world’s popula-
tion has an inherited hemoglobin problem gene, and about 
300,000 infants are delivered with severe hemoglobin impair-
ments each year, with over 200, 000 in Sub-Saharan African 
countries [2]. Hemoglobinopathies are ignored but emerging 

worldwide health issues; children in Sub-Saharan Africa with 
hemoglobin variants have an anticipated mortality rate of 50 
% to 80% by the age of 5 years [3,4]. Laboratory testing is the 
most reliable technique to diagnose blood abnormalities; but, 
due to the lack of efficient programs for early diagnosis and 
treatment, most affected infants in African countries continue 
to die during infancy, commonly without being diagnosed [5].

Red cell distribution width has previously been shown to be a 
useful diagnostic issue for distinguishing iron deficiency ane-
mia from other microcytic anemia, as well as thalassemia. 
RDW, a hematological measure or parameter, appears to be 
able to distinguish hemoglobinopathies from other anemia-
related erythrocyte diseases [6]. Within the red cell popula-
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tion, the RDW detects variation in red blood cell sizes (aniso-
cytosis) and shapes (poikilocytosis) in cell volume. These are 
phenotypic characteristics of erythrocytes that are frequently 
aberrant in the presence of hemoglobinopathy [7]. The RDW 
is a simple, faster, cheaper, and commonly utilized test in ev-
eryday practice as part of a comprehensive hemogram report 
since it is one of the hematological indices routinely generated 
by automated hematology analyzers in clinical laboratory as-
says. The RDW has been investigated as a key player in several 
diseases affecting erythrocyte size and shape changes. It is cal-
culated and shown as a coefficient of variation or standard de-
viation [7,8]. The RDW has been demonstrated to be potential 
as a marker for laboratory detection of hemoglobinopathies; 
yet, there is little information on its application in Sudan. The 
principal goal of this research was to determine the RDW’s 
overall performance as a proxy marker of hemoglobinopathies 
in age-mixed patients.

Materials and Methods

Study design 

A case-control comparative hospital-based study of 59 ran-
domly chosen, capillary electrophoresis verified hemoglobin-
opathy patients and 59 (controls) subjects without hemoglo-
binopathy, has been operated from January 2013 to December 
2015 at Port Sudan Teaching Hospital in Red Sea State, Sudan.

Data collection

Findings were extracted from patients checked at the hospital’s 
hematology laboratory between January 2013 and December 
2015. The Sysmex analyzer was used to provide complete 
blood count results (KX-21N, Sysmex Corporations, Japan). 
Participants were confirmed for various hemoglobinopathies 
using Capillary electrophoresis technology. Individuals in the 
control group were thought to be free of problems related to 
aberrant erythrocyte shape and size (such as hemolytic, mac-
rocytic, or iron deficiency anemia) and hemoglobinopathy. 
These were age-mixed people with normal hemoglobin (he-
moglobin AA genotype) and hemoglobin values of ≥ 10 g/dl 
electrophoretically verified. RDW values were obtained from a 
semi-automated hematology analyzer for all participants as a 
part of their full blood counts.

Data analysis

The data were analyzed using the Statistical Package for Social 
Sciences version 25 (SPSS Inc., Chicago, USA). The RDW diver-
sity within hemoglobinopathy variants was studied using the 
Kruskal-Wallis H-test, whereas the RDW’s variations between 
groups were compared using the Mann-Whitney U-test, as 
recommended by Nahm, 2016 [9]. As a result, the control 
group’s normal RDW reference values were used as the upper 
limit of the median’s 95 % confidence interval (CI). The RDW 
was represented as a mean± standard deviation, and the ex-
istence of hemoglobinopathy was expressed as a percentage 
or femtoliter. The RDW’s diagnostic efficacy in distinguishing 
diseased (hemoglobinopathy) from non-diseased (hemoglo-
binopathyfree) populations was investigated using receiver 

operating characteristic (ROC) curves analysis.

Ethical approval

The study was conducted under the ethical principles that 
have their origin in the Declaration of Helsinki. It was car-
ried out with patients’ verbal and analytical approval before 
the sample was taken. The study protocol and the subject 
information and consent form were reviewed and approved 
by a local ethics committee of Red Sea State, the Ministry of 
Health, and the Sudan University of Science and Technology 
according to the document number (RS/MS/23-X 5/1/2013) 
to get this approval.

Results

Participants’ details in the study

The participants in this study were 118 citizens of the Red Sea 
state. There were 59 patients overall, 31 (52.5%) males and 
28 (47.5%) females, had mean ages of 24.5±25.2 years and 
25.7±18.7 years, respectively, for males and females. The 59 
control participants included 30 (50.8%) males and 29 (49.2%) 
females, with the average ages of the female and male sub-
jects being 27.2±20 and 28.1±15.0 years, respectively. The 
fundamental parameters that focused on hematological data 
are summarized in (Table 1).

Variables Cases
(n=59)

Control
(n=59) P-value

Age (mean±SD) 25.0±22.1 27.7±17.5  0.000

Sex (male)
      (female)

31.0 (52.5%)
28.0 (47.5%)

30.0 (50.8%)
29.0 (49.2%) 0.855

Hb g/dl 8.9±2.5 11.4±1.3  0.000

Hct % 27.2±7.4 35.7±4.0  0.000

MCV fl 79.1±14.5 80.1±8.3 0.961

MCH pg 26.9±5.8 26.3±3.5 0.150

MCHC % 33.2±2.9 32.4±1.6 0.015

RDW-CV % 19.8±6.2 15.1±2.9  0.000

RDW-SD 55.2±17.8 43.6±6.2  0.000

Table 1: Fundamental differences between controls and cases of hemoglobin-
opathies.

Leveraging RDW to phenotype hemoglobinopathies

The sickle cell disease (hemoglobin SS) phenotype’s RDW-SD 
and RDW-CV means were 66.9±21.1 and 23.3±7.4, respective-
ly, which were substantially higher than those of the control 
group (43.6±6.2 and 15.1±3.0, respectively). In comparison 
to the control group, those with pure hemoglobin AS geno-
type had dramatically higher, RDW-SD and RDW-CV mean 
of 48.4±15.5 and 17.6±5.4, respectively. In addition, RDW-
SD and RDW-CV mean values were vastly higher in patients 
with β-thalassemia traits versus the control group (43.6±6.2 
and 15.1±3.0, respectively). These values were 54.6±16.6 and 
18.9±5.7, respectively. Also, the hemoglobin AD genotypes 
were considerably higher than the control groups, which were 
51.1+13.4 and 26.1+5.7, respectively. When compared to the 
control, the patient with hemoglobin AE genotype showed no 
statistical difference (Table 2).



Hemoglobin motif RDW-SD P-value RDW-CV P-value

Sickle Cell Disease 
(Hb SS) (n=12) 66.9±21.1 0.008 23.3±7.4 0.014

Sickle Cell Trait (Hb 
AS) (n=14) 48.4±15.5 0.631 17.6±5.4 0.432

Β-thalassemia trait 
(n=29) 54.6±16.6 0.021 18.9±5.7 0.036

Hemoglobin D trait 
(Hb AD) (n=2) 51.1+13.4 0.440 26.1+5.7 0.088

Control (Hb AA) (n= 
59) 43.6±6.2 ̶ 15.1±3.0 ̶

Table 2: ROC Red cell distribution widths in hemoglobinopathies.

Red cell distribution ROC curve in SCD and SCT phenotyping

The hemoglobin SS genotype’s RDW-CV fraction was 14.2% (n 
= 12; AUC= 0.792; P= 0.015; sensitivity = 85.1 %; specificity 
= 82.0 %; 95% CI 0.597 – 0.987). (Table 2; Figure 1) shifting 
the curve to the ROC curve’s left upper side. The hemoglobin 
SS genotype was present in 42.1 fl of the RDW-SD samples (n 
= 12; AUC= 0.813; P= 0.009; sensitivity = 86.0 %; specificity 
= 83.0 %; 95% CI 0.627 – 0.988); (Table 2; Figure 2) causing 
the curve to migrate to the ROC curve’s left upper side. For 
the diagnosis of the sickle cell trait (SCT) phenotype, the RDW-
CV proportion for the hemoglobin AS genotype was 14.2% (n 
= 14; ROC curve flowed along the diagonal line = 0.560; P= 
0.607; sensitivity 57%, specificity, 59 %; 95% CI 0.325 – 0.794) 
(Table 2; Figure 3). The ideal RDW-SD ROC curve coordinates 
at 41.5 fl also did not have diagnostic significance (P= 0.411, 
sensitivity 57%, specificity, 59 %; 95% CI 0.372 – 819) (Table 
2; Figure 4).

Figure 1: ROC Red cell distribution widths in hemoglobinopathies.

Figure 2: ROC curve of RDW-SD in SCD phenotypes.

Figure 3: ROC curve of RDW-CV in SCT phenotypes.

Figure 4: ROC curve of RDW-SD in SCT phenotypes.

Figure 5: ROC curve of RDW-CV in β-thalassemia trait.

Figure 6: ROC curve of RDW-SD in β-thalassemia trait.
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ROC curve in β-thalassemia

For β-thalassemia trait, the RDW-CV optimum point of 15.6% 
was significant (P = 0.038). The ROC curve matched the diago-
nal line; the area under the curve was 0.708; the sensitivity 
and specificity values were 79% and 77%, respectively, 95% CI 
0.532 – 0.884 (Table 2; Figure 5). The RDW-SD optimum point 
of 42.5 fl for -β-thalassemia was significant (P = 0.022). The 
ROC curve flowed the diagonal line, with an area under the 
curve of 0.730, a sensitivity of 75%, a specificity of 73%, and a 
95% CI of 0.556 – 904. (Table 2; Figure 6).

Discussion

RDW may be employed as a proxy biomarker for extreme mor-
bidity and/or fatality brought on by a variety of cancers, nota-
bly carcinoma [10], myeloma [11,12], and even hematological 
neoplasms [13 – 16]. RDW has additionally been reported to be 
a valuable diagnostic and prognostic marker for pre-eclampsia 
[17], a novel predictive biomarker for cardiovascular disorders 
[18,19], advancement to end-stage renal disease among dia-
betic patients, and other pathologies [20]. Collectively, these 
studies explore how RDW is increasingly useful for diagnosing 
or predicting a variety of noncommunicable diseases.

This is the first such attempt to ascertain whether the RDW 
value may be used to predict various hemoglobinopathies in 
eastern Sudan. Sickle Cell Disease phenotypes might be sub-
stantially predicted by the RDW-CV and RDW-SD, however, SCT 
phenotypes could not be. The RDW’s overall accuracy made 
it a remarkable biomarker for SCD hemoglobinopathies [21]. 
RDW’S were also capable of predicting hemoglobin D trait and 
β-thalassemia trait. Therefore, using this possible biomarker 
as a cost-effective strategy is an option for nations with limited 
financial resources that have not yet introduced neonatal and 
population screening facilities [22]

The RDW-CV demonstrated significant (P 0.015) biomarker 
characteristics in homozygous SCD with a sensitivity of 85.1 %, 
specificity of 82 %, and accuracy of 0.792. Mutua et al [22] re-
ported similar findings of higher RDW, with homozygous SCD 
getting the highest RDW. It follows that in a population, an 
RDW > 14.2% can detect 85.1% of people as having SCD, while 
an RDW of 14.2% can detect 83% of people who would test 
negative for SCD. According to this, at 14.2%, the RDW can be 
effectively employed as a diagnostic biomarker for SCD char-
acteristics in eastern Sudan.

The ROC curve highlighted that the RDW was a superior diag-
nostic marker for identifying β-thalassemia with a 15.6 % de-
tection rate and an accuracy of 0.708 (P 0.038). It is feasible to 
use the RDW to discern β-thalassemia from the healthy pop-
ulation because the β-thalassemia ROC curve flowed along 
the diagonal line with minimal diagnostic significance, similar 
to Roth et al [23] report that β-thalassemia had a normal or 
mildly elevated RDW at a mean of 14.6. Mutua et al also had a 
consistent outcome [22].

The SCT phenotypes were not distinguished from the healthy 
populations by the RDW ROC curves. Similarly, Mutua et al 
reported that SCT has (accuracy: 0.501; P = 0.976) RDW at a 
mean of 15.1 %, and the SCT ROC curve flowed along the diag-
onal line associated with a poor diagnostic significance of 14.2 
% (Accuracy: 0.560; p = 0.607), this means it is not conceivable 
to use the RDW to distinct SCT from the healthy individuals.

Limitations

The tiny sample size prevented statistical significance for He-
moglobin E, D, and B-thalassemia majors despite their signifi-
cantly elevated RDW readings.

Conclusion

These outcomes suggest that the RDW is a promising diag-
nostic marker for β-thalassemia trait and SCD characteristics. 
The diagnostic value of this hematological index for hemo-
globinopathy should, however, be further investigated using 
prospective data because the data utilized were retrospective. 
In low-resource settings, it will be permissible to provide and 
use powered mini-electrophoretic equipment because a con-
firmatory test would still be necessary.
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