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Background: Hemoglobinopathies are the most common heritable disorders of erythrocytes, with sickle cell diseases (SCDs) and thalassemia
being the most common. SCDs are characterized by the presence of sickle hemoglobin within red blood cell (RBC) as a result of point
mutation (f6glu—val). SCDs include sickle cell anemia, hemoglobin C disease (HbSC), and sickle/p thalassemia. The latter is caused by
coinheritance of two different mutations in {3 globin gene, one from each parent: one for sickle hemoglobin and the other for (3 thalassemia.
Vaso occlusion is a key feature of this disease that occurs due to a series of interactions leading to painful crisis. Visfatin is a pro-inflammatory
adipocytokine that contributes to vaso occlusive crises (VOC) through its role in the inflammatory process. Visfatin can directly promote
endothelial dysfunction and stimulates vascular smooth muscle cells proliferation. Objectives: The primary aim of this study was to assess
serum visfatin level in sickle/p} thalassemia patients and evaluate the possible association between serum visfatin level in sickle/} thalassemia
patients and the frequency of VOC, serum ferritin level, complete blood count (CBC) and high-performance liquid chromatography (HPLC)
parameters. The secondary aim of this study was to compare the findings in two centers (Al-Karama Teaching Hospital, in Baghdad and
Babylon Teaching Hospital for Maternity and Children, in Babylon). Materials and Methods: This was a cross-sectional study conducted
from December 2018 until the end of August 2019 and included 77 individuals. Among them, 57 were sickle/3 thalassemia patients (Group
I): 28 from Al-Karama Teaching Hospital (Group IA) and 29 from Babylon Teaching Hospital for Maternity and Children (Group IB). The
remaining 20 individuals act as a healthy control group (Group II). Clinical data were gathered, with collection of SmL of peripheral blood
in order to examine CBC, C-reactive protein (CRP), serum ferritin, and serum visfatin. Results: Mean age was (13.14 £ 5.40) years. Males
formed (59.74%), whereas females formed the remaining (40.26%). The mean number of annual frequency of VOC events was (3.05 + 0.95)
with no significant difference between the two subgroups. White blood cells count was significantly higher among cases compared to controls
(P = 0.004). Hemoglobin was significantly lower among cases compared to controls (P < 0.001). Also, hemoglobin was significantly higher
in cases of group IA compared to group IB with P = 0.022. Similarly, hemoglobin A2 (HbA2) was significantly higher in cases of group
IA compared to group IB with P = 0.013. Serum ferritin was markedly higher among cases compared to controls with P < 0.001. Serum
visfatin was significantly higher among cases compared to controls with P < 0.001. No significant difference was observed between the two
subgroups regarding serum ferritin and visfatin. There was positive correlation between visfatin and annual frequency of VOC (r = 0.821,
P < 0.001), moderate negative correlation between visfatin and HbA (r = -0.46, P < 0.001), moderate positive correlation between visfatin
and HbS (r = 0.54 and P < 0.001), and strong positive correlation between visfatin and ferritin among cases group (r = 0.60 and P < 0.001)
but not in control group. Conclusions: Serum visfatin level is significantly higher among patients with sickle/f} thalassemia compared to
healthy individuals with positive correlation exists between visfatin level and the annual frequency of VOC, ferritin level, and HbS; negative
correlation with HbA, among those patients with sickle/ thalassemia. Hemoglobin level and HbA2 percentage significantly higher among
Al-Karama hospital patients compared with those in Babylon hospital.
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INTRODUCTION

Hemoglobinopathies are the most common inherited
diseases of red blood cell (RBC) worldwide. Of these,
sickle cell diseases (SCDs) and thalassemia account for

most of cases, with 7% carrier rate among the world
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SCD is an umbrella term that refers to a group of related
hemoglobin disorders, which is characterized by the
predominance of hemoglobin S within erythrocytes. This
includes sickle cell anemia (HbSS), sickle hemoglobin C
disease (HbSC), sickle/f thalassemia disease (S/f thal),
and many other compound heterozygous conditions.
However, the sickle cell trait (HbAS), the carrier state, is
not regarded as an SCD.P

Sickle/p thalassemia is a type of compound heterozygous
hemoglobin disorder, in which the patient inherits
two different mutations in the f globin gene, one from
each parent. One mutation produces hemoglobin S
(sickle hemoglobin) and the other mutation results in
production of functional hemoglobin in reduced levels
(B thalassemia).” Sickle/f3 thalassemia accounts for less
than 10% of patients with SCD. Most of cases have
the B* phenotype, which is mild in general, and the
clinical severity of disease is related to the amount of
hemoglobin A present. However, the clinical severity
of less frequent (3° phenotype is closely similar to that of
sickle cell anemia.?

Vaso occlusion, the key feature of sickle/f thalassemia, is
the end result of a series of red cell, endothelial, leukocyte,
and platelet interactions, in which the cytokines play a
vital role.”! The severity of sickle/p thalassemia disease
in the form of vaso occlusive crises (VOC) frequency
may be affected by many factors. Clarification of these
factors is essential for prompt and effective management
of patients with frequent crises.” Of those visfatin, which
is a pro-inflammatory adipocytokine, predominantly
expressed in visceral adipose tissue, structurally identical
to preB-cell colony-enhancing factor (PBEF). It has the
ability to exert different deleterious effects on vascular
cells, including endothelial inflammation and smooth
muscle proliferation.® Many studies have indicated its
role in inflammatory processes and chronic inflammatory
disorders.” Visfatin can directly promote inflammation
through the activation of the extracellular signal-
regulated kinase (ERK)-nuclear factor kappa light chain
enhancer of activated B cells (NF-kB)-inducible nitric
oxide synthase (iINOS) axis.'” This feature makes it as
a target for development of novel therapeutic strategies
in treatment of many inflammatory and metabolic
disorders.®!

Iron overload is another problem in sickle/p
thalassemia, because the patient may require regular
blood transfusions to prevent or manage disease-related
complications especially during VOC. So iron overload
is an inevitable consequence of ongoing transfusion.!'!-1%
Serum ferritin is a noninvasive method widely used
for monitoring iron overload. But because of being
an acute phase reactant, its level disproportionately
increased in relation to true iron load for several weeks
after a VOC.I¥

Parients, MateriaLs, AND MeTHODS

Study design, sample, and setting

This was an analytical cross-sectional study performed on
77 individuals divided into two groups: Group I and Group
I1. Group I comprised 57 patients with sickle/f} thalassemia.
The individuals of Group I were further divided into two
subgroups: Group IA comprising 28 patients registered at
Hereditary Blood Disease Center, Al-Karama Teaching
Hospital, in Baghdad and Group IB comprising 29 patients
registered at Hereditary Blood Disease Center, Babylon
Teaching Hospital for Maternity and Children, in Babylon,
Iraq. Group II comprised 20 age- and sex-matched
apparently healthy individuals, served as a control group.

The study was performed over the course of 9 months
period from the first of December 2018 until the end of
August 2019.

Exclusion criteria

Any patients who had fever, acute illness, malignant,
hepatic, renal, autoimmune disorder, surgery or blood
transfusion within 30 days before the study, and pregnant
ladies were excluded from the study.

Data collection and blood sampling

Patients were interviewed for about 10-15min after
stabilization of their condition by using a predesigned
questionnaire. The gathered data included the following:
name, age, gender, transfusion history, chelation therapy,
numbers and types of painful crises per a year, history of
splenectomy, and any other complications.

From each participant in this study, a volume of SmL of venous
blood sample was collected by venipuncture under an aseptic
technique just before blood transfusion. Two mL of blood was
poured into the EDTA tube and the residual blood was collected
into a gel tube. The blood in the EDTA tube was used for
complete blood count (CBC), whereas blood in the gel tube was
allowed to clot in water bath at 37°C then centrifuged at 2000x g
for Smin to get the serum that was used to measure serum
ferritin by using VIDAS (bioMerieux, Marcy-I'Etoile, France);
the blood was then separated in small aliquots and kept in deep
freezer (below —40°C) until serum visfatin assay was done by
sandwich enzyme-linked immunosorbent assay (ELISA) using
Human PBEF/visfatin Duo Set ELISA Kit (R&D System,
Minneapolis, MN, USA). The high-performance liquid
chromatography (HPLC) results were obtained from their
records at the center.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS)
software program was used to perform the statistical
analysis for this study. Qualitative data were represented
as numbers and percentages, whereas continuous
numerical data were represented as mean * standard
deviation (SD). Numerical variables were compared
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between study groups using the Student’s ¢ test, whereas
categorical variables were compared using the chi-square
test. Correlations were assessed using Pearson’s product—
moment correlation coefficient and Spearman’s rank-
order correlation coefficient. A value of P < 0.05 was
considered statistically significant.

Ethical approval

The study was conducted in accordance with the ethical
principles that have their origin in the Declaration of
Helsinki. It was carried out with patients verbal and
analytical approval before sample was taken. The study
protocol and the subject information and consent form
were reviewed and approved by a local ethics committee
according to the document number 4 (including the
number and the date in 15/7/2017) to get this approval.

ResuLts

This study included a total of 77 individuals comprising
57 patients with sickle/f} thalassemia (Group I) and 20
controls (Group II). The patients' group was further
divided into two subgroups: Group IA composed of 28
patients registered at Al-Karama Teaching Hospital and
Group IB composed of 29 patients registered at Babylon
Teaching Hospital for Maternity and Children.

Age of participants ranged from 2 to 20 years with a mean
of 13.14 + 5.40 years and a median of 13 years. Figure 1
shows age group distribution among study groups. No
statistically significant difference of age was observed
between patients (13.16 = 5.37) and controls (13.10 £ 5.60)
[Table 1]. Similarly, there was no statistically significant
difference of age between Group IA (12.25 £ 5.44) and
Group IB (14.03 + 5.25) [Table 2].

Figure 1: Age group distributions among study groups

Men comprised 59.74% (45/77) of the total study
population, whereas women formed the remaining
40.26% (31/77) of them. Chi-square test was used to
assess the difference in gender distribution among study
groups. No statistically significant difference in gender
distribution was observed neither between patients and
controls [Table 1] nor between the patients of Group IA
and Group IB [Table 2].

The annual frequency of VOC (painful crises) was
compared between patients in Group IA and Group
IB using Student’s ¢ test. No significant difference was
observed between the two groups [Table 2]. Types of VOC
in the study groups are shown in Figure 2.

Regarding splenectomy, patients in Group IA and Group
IB were compared. No statistically significant difference
was observed between the two groups [Table 2]. Other
complications are shown in Figure 3.

Comparisons of CBC parameters (white blood cells
(WBC), hemoglobin (Hb), and platelet (PIt) count) were
performed twice: first between patients and controls, then
between patients of Group IA and Group IB. Student’s ¢
test was used for those comparisons.

WBC count was significantly higher among patients as
compared with controls. On the contrary, hemoglobin
level was significantly lower among patients as compared
with controls. No significant difference was observed
between patients and controls regarding platelet count.
Table 1 details the findings.

Hemoglobin level in patients of Group IA was found to be
significantly higher than those of Group IB. No significant
difference was observed between the two groups regarding
WBC or platelet count. Table 2 summarizes the findings.
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HPLC parameters (HbA, HbA2, HbF, and HbS) were
compared between patients of Group IA and Group IB using
Student’s ¢ test. There was a statistically significant difference
in HbA2 between the two groups. No other significant
differences were found. Table 2 describes the findings.

Serum ferritin level was significantly higher in the patients’
group compared to the control group [Table 1]. Regarding
the two patients’ subgroups, no significant difference was
observed regarding serum ferritin level, as detailed in Table 2.

Serum visfatin level was also found to be significantly
higher in patients’ group as compared with control group,
as detailed in Table 1. On the contrary, no significant
difference in visfatin level was observed between Group
IA and Group IB [Table 2].

Spearman’s rank-order correlation coefficient was calculated
to assess the correlation between visfatin level among patients
and the number of VOC per year. There was a strong positive
correlation between the two variables: correlation coefficient
(r) = 0.821 and P < 0.001. Figure 4 shows the finding.

Student’s 7 test was used to assess the correlation between
visfatin level and splenectomy. No significant correlation was
observed between the two variables, as described in Table 3.

Correlations of visfatin level to CBC parameters (WBC,
Hb, and PIt count) were assessed by calculating Pearson
product-moment correlation coefficient: once within the
patients’ group, then with the controls group. No significant
correlation was observed in either patients [Table 4].

Correlations between visfatin level and each of HPLC
parameters (HbA, HbA2, HbF, and HbS) within the case
group were also assessed using Pearson product-moment
correlation coefficient. There was a moderate positive
correlation between HbS and visfatin level, with » = 0.54
and P < 0.001 [Figure 5]. On the contrary, there was a
moderate negative correlation between HbA and visfatin
level, with r = —-0.46 and P < 0.001 [Figure 6]. Table 5
summarizes the findings.

Correlation of visfatin level to serum ferritin level was
also assessed using Pearson product-moment correlation

Table 1: Comparison of age characteristics between patients and controls

Parameters Group P Value
Patients (mean = SD) Controls (mean = SD)
or number (%) or number (%)
Age (years) 13.16 £ 5.37 13.10 £ 5.60 0.967
Gender Male 34 (59.65%) 12 (60%) 0.978
Female 23 (40.35%) 8 (40%)
WBC (x10° /L) 9.79 +3.62 8.01 +1.58 0.004*
Hemoglobin (g/dL) 872+ 1.34 13.39 £ 1.00 <0.001*
Platelet (x10° /L) 268 + 153 254 £ 56 0.564
Serum ferritin level (ng/mL) 3358.1 = 1731.1 134.6 £ 68.1 <0.001*
Serum visfatin level (ng/mL) 5431241 2.71 £0.98 <0.001*
*Significant at P < 0.05
Table 2: Comparison of age characteristics between Group IA and 1B
Parameters Group P Value

Group IA (mean * SD)

or number (%)

Group IB (mean x SD)
or number (%)

Age (years) 1225+ 5.44 14.03 £5.25 0.213
Gender Male 15 (53.57%) 19 (65.52%) 0.358
Female 13 (46.43%) 10 (34.48%)
VOCl/years 3.11+£0.92 3.00 + 1.00 0.675
Splenectomy Yes 3(10.71%) 6 (20.69%) 0.470
No 25 (89.29%) 23 (79.31%)
WBC (x10° /L) 10.17 + 3.52 9.43+3.74 0.442
Hemoglobin (g/dL) 9.13+1.34 8.32+£1.23 0.022*
Platelet (x10° /L) 306 + 137 231 £ 160 0.062
HbA 11.33+11.43 11.47 £ 10.69 0.963
HbA2 4.63 +1.00 4.02+0.76 0.013*
HbF 17.39 £ 6.30 18.11 £5.82 0.652
HbS 66.65 £ 9.98 66.39 = 10.46 0.924
Serum ferritin level (ng/mL) 3514.8 + 1388.6 3206.8 + 2021.5 0.507
Serum visfatin level (ng/mL) 524%203 5.61+2.75 0.575

*Significant at P < 0.05

-Medical Journal of Babylon | Volume 19 | Issue 1 | January-March 2022




Al-Jabory and Ameen: Serum visfatin level in sickle/f} thalassemia

coefficient. There was a strong positive correlation between
the two variable within the cases group, with r = 0.60 and
P < 0.001 [Figure 7]. However, no significant correlation
was observed between the two variables within the control
group, with » = 0.21 and P = 0.377.

Discussion

The study groups and subgroups were confirmed to be
statistically comparable regarding age and gender. Overall
patients’ age range was 2-20 years with a mean of 13.16
5.37 years and a median of 13 years. Men comprised
59.65% of the total patients, whereas women formed

Figure 2: Types of vaso occlusion crises in the study groups

Figure 3: Other complications in patient’s subgroups

the remaining (40.35%) of them. These results were
comparable to other Iraqi studies done by Al-Momen!'¥
and Abbas et al. ' respectively.

The mean number of VOC events per year in this study was
3.05 + 0.95, which was higher than the finding by Habashy
et al. ¥ whereas in the study done by Mukherjee ef al!'" in
western India, VOC events per year in tribal groups were
lower than that in this study but in nontribal groups were
higher. The authors explained these results by differences
in the underlying disease mutations in different ethnic
groups. However, the finding of this study was consistent
with that reached by Bitoungui ef ¢l in their study of
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SCD in Africa. Therefore, the difference in disease clinical
severity in different population groups can be explained by
variation in the underlying disease mutations.

The majority of patients enrolled in this study had
suffered from limb pain during vaso occlusion (painful)
crisis, which was similar to the findings reported by Abbas
et al.™ and Niscola et al.'™ The next most common site
of pain was abdominal pain, followed by back pain and
chest pain.

Cholecystitis/gallstone was present in more than one-third
of the cases. This result was comparable to that obtained
by Martins et al.l”

Hemoglobin level was significantly lower among cases
compared to controls, with a mean hemoglobin level of
8.72 £ 1.34¢g/dL. This finding was closely similar to the
finding reported by Jain ez alP? in their study conducted
in India in 2015, which included 91 patients with SCD,
among which are 36 patients with sickle/f} thalassemia.
This is in agreement with the study done by Jha et al®!
and Habashy et al® This study had also showed a
significant difference in hemoglobin levels between

Figure 4: Scatter plot diagram showing the correlation between visfatin
level and vaso occlusion crisis per year

Table 3: Correlation of serum visfatin level with splenectomy
status

Serum visfatin Splenectomy status P Value
level (ng/mL) Splenectomy  No splenectomy

(n=29) (n = 48)
Mean 4.55 5.59 0.237
SD 1.11 2.55
Range 3.42-6.46 2.37-15.20

Baghdad patients and Babylon patients, with a higher
level among Baghdad patients. This might be attributed to
several factors including the difference in socioeconomic
status, access and use of the health-care services, type of
automated hematological analyzer, genetic background
(type of P thalassemia mutation and/or co-inheritance
of a thalassemia) as well as social and cultural attitudes
toward consanguinity. A similar significant difference was
observed by Jha et al.,”Y in which there was a significant
difference in mean hemoglobin level among 10 different
geographical locations in India, ranging from 7.92 g/dL in
one region up to 8.99 g/dL in another one. The researchers
attributed these differences mainly to the variation in
the genetic architecture of those ethnic groups, followed
by the tradition of limiting marriage within the local
communities.

It is worth noting that WBC count was significantly
elevated among cases compared to controls, with a mean
0of 9.79 + 3.62 x10° /L. This finding was in agreement with
the study done by Mishra et al.*?

No significant effect was observed regarding platelet
count between cases and controls, with a mean of 268 *
153 x10° /L. This mean value was comparable to that
observed by Shabbir ez al ¥

Regarding HPLC parameters, HbA2 was found to
be significantly higher among Al-Karama (Baghdad)
patients with a mean of 4.63 + 1.00, compared to Babylon
hospital patients with a mean of 4.02 + 0.76. This value
was slightly lower than the value observed by Jain ef al. "
which was 4.86. Similarly, Banerjee er al?¥ and Adekile
et al.® found higher values of HbA2 in their studies, but
the opposite result was obtained by Jha et al. " which was
lower than that of this study. The significant difference in
HbA2 level between the two geographical regions in this
study was supported by the finding of Jha et al? who
described a highly significant variation in HbA2 among
different geographical and ethnic groups.

Interestingly, the proportions of HbA, HDbF, and HbS
were found to have no significant difference between the
two subgroups of cases, which contrasts with the study
of Jha et alP" who confirmed that HbF proportion is
also significantly variable among various geographical

Table 4: Correlations of visfatin level with CBC parameters
Parameters

Correlation with visfatin level

With patients group ~ With control group
(n = 57) (n = 20)
WBC r -0.16 -0.19
(X10°/L) P Value 0.225 0.420
Hemoglobinr 0.02 0.27
(g/dL) P Value 0.867 0.254
Platelet r -0.05 0.38
(X10°/L) P Value 0.710 0.096
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regions. This could be due to the difference of the genetic
characteristics of Iraqi patients compared to Indian patients.

The values of HbF and HbS in this study are consistent
with that reported by Banerjee et al?¥ However, HbF
values in this study were lower than those shown by
Jain et al.® and the levels of HbS were higher than that
observed by Habashy et al®® Similarly, HbA values were
higher than those obtained by Jain ef al?” and Banerjee
et al.,” again these differences might be explained by
variation in the underlying disease mutations in different
populations.

Figure 5: Scatter plot diagram showing correlation between visfatin and
HbS

Figure 6: Scatter plot diagram showing correlation between visfatin and
HbA

Table 5: Correlations of visfatin level to HPLC parameters
within cases group

Parameters Correlation coefficient P Value
HbA —0.46 <0.001%*
HbA2 -0.12 0.391
HbF -0.05 0.685
HbS 0.54 <0.001"

*Significant at P < 0.05

Serum ferritin level was markedly elevated among cases
compared to controls with a mean of 3358.1 = 1731.1ng/
mL, reaching up to 25 times the value seen in apparently
healthy individuals, with no significant difference between
the cases subgroups. This finding was much higher that
obtained by Al-Momen,' Habashy et al,® Mishra
et al.,” and Voskaridou et al.*® Patients in this study from
both Baghdad and Babylon Hereditary Blood Disease
Centers were suffered from inadequate chelation, because
of shortage in chelation agents supply, use of agents from
non-authentic companies, or frequent shifting from one
agent to another depending on availability. This might
explain the very high serum ferritin level in this study.

Serum visfatin level was found to be significantly higher
in the case group with a mean of 5.43 £ 2.41 ng/mL, with
no significant difference between the cases subgroups.
The mean value among cases was slightly lower than
that described by the study done by Habashy et al®,
with a median of 6.5ng/mL. This slight difference may
be explained by different ELISA kit supplier, underlying
genetic mutation, and sample size between the two studies.

Visfatin level was positively correlated with the number
of VOC events per a year. This finding shows the possible
link between the expression of visfatin in patients with
sickle/p} thalassemia and the increased frequency of VOC
events among them, and suggests the possible use of
visfatin level as a predictor for the possible occurrence of
VOC events.

The study by Habashy et al.™® showed similar correlation
within sickle cell anemia patients, but failed to show
such a strong correlation within the sickle/p thalassemia
patients. This may be related to the difference in sample
size between this study, which enrolled a total of 57
sickle/p thalassemia patients, and the study by Habashy
et al., which enrolled a total of 30 SCD patients, of them
only 14 sickle/p thalassemia patients.

Figure 7: Scatter plot diagram showing correlation between visfatin and
ferritin within the cases group
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HbA and HbS were shown to have a significant
correlation with visfatin level, whereas HbF and HbA2
failed to show such correlation. HbA negatively correlated
to visfatin level. On the contrary, HbS and visfatin level
showed a positive correlation. This can be explained by
the underlying disease pathophysiology, the higher HbS
and lower HbA, associated with more disease severity,
so higher visfatin level. However, the study by Habashy
et al.® failed to show such statistical correlation.

Regarding CBC parameters, no significant correlation
with visfatin level was observed in this study. This finding
was consistent with that obtained by Habashy et al®
in sickle/p thalassemia group. Similarly, no significant
correlation was found between serum visfatin level and
splenectomy.

Serum ferritin showed a strong correlation with serum
visfatin level. The study conducted by Habashy er al®
showed such correlation within sickle cell anemia patients,
but not in sickle/p thalassemia.

CoNcLusSIONS

The study concludes that serum visfatin level is significantly
higher among patients with sickle/f} thalassemia compared
to healthy individuals, with a positive correlation
between serum visfatin level and the annual frequency of
VOC, ferritin level, and HbS; negative correlation with
HDbA, among those patients with sickle/f3 thalassemia.
Hemoglobin level and HbA2 percentage are significantly
higher among Al-Karama hospital patients compared
with those in Babylon hospital.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Natrajan K, Kutlar A. Disorders of hemoglobin structure: Sickle
cell anemia and related abnormalities. In: Kaushansky K, Lichtman
MA, Prchal JT, Levi MM, Press OW, Burns LJ, et al, editors.
Williams Hematology. 9th ed. China: McGraw-Hill Education;
2016. p.759-88.

2. Thein SL, Rees D. Haemoglobin and the inherited disorders of
globin synthesis. In: Hoffbrand AV, Higgs DR, Keeling DM, Mehta
AB, editors. Postgraduate Haematology. 7th ed. Chichester: John
Wiley & Sons Ltd; 2016. p. 72-97.

3. Quinn CT. Minireview: Clinical severity in sickle cell disease:
The challenges of definition and prognostication. Exp Biol Med
(Maywood) 2016;241:679-88.

4. Bender MA. Sickle cell disease. In: Adam MP, Ardinger HH, Pagon
RA, editors. Gene Reviews. Seattle, WA: University of Washington;
2017.

5. Marsh A, Vichinsky EP. Sickle cell disease. In: Hoffbrand AV, Higgs
DR, Keeling DM, Mehta AB, editors. Postgraduate Haematology.
7th ed. Chichester: John Wiley & Sons Ltd; 2016. p. 98-113.

6. Stuart MJ, Nagel RL. Sickle-cell disease. Lancet 2004;364:1343-60.

7.

20.

21.

22

23.

24.

25.

26.

Ugwu AO, Ibegbulam OG, Nwagha TU, Madu AJ, Ocheni S,
Okpala I. Clinical and laboratory predictors of frequency of painful
crises among sickle cell anaemia patients in Nigeria. J Clin Diagn
Res 2017;11:EC22-5.

Habashy DM, Shams MA. Serum visfatin in sickle cell disease:
Association with frequency of vaso-occlusive crises. Egypt J
Haematol 2017;42:52-57.

Al-Suhaimi EA, Shehzad A. Leptin, resistin and visfatin: The
missing link between endocrine metabolic disorders and immunity.
Eur J Med Res 2013;18:12.

. Romacho T, Azcutia V, Vazquez-Bella M, Matesanz N, Cercas E,

Nevado J, et al. Extracellular PBEF/NAMPT/visfatin activates
pro-inflammatory signalling in human vascular smooth muscle
cells through nicotinamide phosphoribosyltransferase activity.
Diabetologia 2009;52:2455-63.

. Ware RE, de Montalembert M, Tshilolo L, Abboud MR. Sickle cell

disease. Lancet 2017;390:311-23.

. Wood JC, Cohen AR, Pressel SL, Aygun B, Imran H, Luchtman-

Jones L, et al.; TWiTCH Investigators. Organ iron accumulation in
chronically transfused children with sickle cell anaemia: Baseline
results from the twitch trial. Br J Haematol 2016;172:122-30.

. Porter J, Garbowski M. Consequences and management of iron

overload in sickle cell disease. Hematol Am Soc Hematol Educ Prog
2013;2013:447-56.

. Al-Momen H. Iron chelation therapy in sickle cell/beta thalassemia

syndrome, a 2 years’ extension study. Al-Kindy College Med J
2017;13:76-81.

. Abbas SS, Abul-Razak N, Mustafa N, Ali RA. Homocysteine,

folic acid, vitamin B12 and pyridoxine: Effects on vaso-occlusive
crisis in sickle cell anemia and sickle-thalassemia. Iraqi Acad Sci J
2011;10:473-9.

. Mukherjee MB, Nadkarni AH, Gorakshakar AC, Ghosh K,

Mohanty D, Colah RB. Clinical, hematologic and molecular
variability of sickle cell-p thalassemia in western India. Indian J
Hum Genet 2010;16:154-8.

. Bitoungui VJ, Pule GD, Hanchard N, Ngogang J, Wonkam A. Beta-

globin gene haplotypes among cameroonians and review of the
global distribution: Is there a case for a single sickle mutation origin
in Africa? Omics 2015;19:171-9.

. Niscola P, Sorrentino F, Scaramucci L, de Fabritiis P, Cianciulli P.

Pain syndromes in sickle cell disease: An update. Pain Med
2009;10:470-80.

. Martins RA, Soares RS, Vito FB, Barbosa VF, Silva SS, Moraes-

Souza H, et al. Cholelithiasis and its complications in sickle cell
disease in a university hospital. Rev Bras Hematol Hemoter
2017;39:28-31.

Jain D, Warthe V, Dayama P, Sarate D, Colah R, Mehta P, et al.
Sickle cell disease in central India: A potentially severe syndrome.
Indian J Pediatr 2016;83:1071-6.

Jha AN, Mishra H, Verma HK, Pandey I, Lakkakula BVKS.
Compound heterozygosity of f-thalassemia and the sickle cell
hemoglobin in various populations of Chhattisgarh state, India.
Hemoglobin 2018;42:84-90.

Mishra DN, Jena RK. Prospective study of sickle beta thalassemia
in a tertiary care hospital. Int J Med Sci Public Health 2017;6:206-0.
Shabbir S, Nadeem M, Sattar A, Ara I, Ansari S, Farzana T et al.
Type and frequency of hemoglobinopathies, diagnosed in the area
of Karachi, in Pakistan. Cogent Med 2016;3:1188875.

Banerjee S, Singh RK, Shrivastava RK, Mahto SK. Study
of haemoglobinopathies in patients of anaemia using High
Performance Liquid Chromatography (HPLC) in rims (a premier
institute of Jharkhand). J Evol Med Dent Sci 2016;5:3029-33.
Adekile AD, Akbulut N, Azab AF, Al-Sharida S, Thomas D.
The sickle B-thalassemia phenotype. J Pediatr Hematol Oncol
2017;39:327-31.

Voskaridou E, Ntanasis-Stathopoulos I, Christoulas D,
Dimopoulou M, Komninaka V, Repa K, ez al. Activin-A is elevated
in patients with thalassemia major and double heterozygous sickle
cell/beta-thalassemia and correlates with markers of hemolysis and
bone mineral density. Ann Hematol 2019;98:1-10.

-Medical Journal of Babylon | Volume 19 | Issue 1 | January-March 2022




	Page 1

