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ABSTRACT

Background: A high incidence of thromboembolic events is observed in thalassemia patients. This
study investigated the relationship between carotid intima-media thickness (CIMT) and lipid profile, iron
metabolic indices (IMI), and inflammatory markers in 3-thalassemia intermedia (- TI) patients.
Patients and methods: Forty-five B-TI patients at Assiut University Hospital and 34 healthy individuals
were enrolled in the study. We measured Lipid profile, IMI, high sensitive CRP (Hs-CRP), and interleukin-
6 (IL-6) and compared the results between both groups. We used CIMT measurement as a marker for
subclinical atherosclerosis. We used both univariate and multivariate analyses to test relations and
independent predictors of CIMT.

Results: B-Tl patients had higher CIMT (P = 0.000). CIMT was positively correlated with absolute
neutrophil count (ANC) (r = 0.320, p = 0.032), ferritin (r = 0.544, p = 0.000), Hs-CRP (r = 0.603, p
= 0.000), and IL-6 (r = 0.520, p = 0.000). Hs-CRP was an independent predictor of CIMT (p = 0.000). Hs-
CRP cut off value of 60.4 ug/dl has sensitivity of 63.3% and specificity of 93.3% in predicting premature
atherosclerosis.

Conclusion: B-Tl patients had higher CIMT despite the protective lipid profile. Hs-CRP was an indepen-

KEYWORDS

Carotid intima-media
thickness; subclinical
atherosclerosis; thalassemia;
thalassemia intermedia

dent predictor of CIMT.

1. Background

Thalassemia is an inherited autosomal recessive blood disorder
in which abnormal hemoglobin is produced [1]. In Egypt, thalas-
semia cases represent about 1000/1.5 million live births per year
[2]; B-thalassemia is the most common type [3].

Endothelial dysfunction that occurs in [-thalassemia
patients is attributed to peroxidative tissue injury because of
continuous blood transfusions [4]. Transfusion-related iron
overload in B-thalassemia major (3-TM) has been associated
with the onset of cardiovascular complications [5]. Carotid
atherosclerosis has been positively associated with serum fer-
ritin independent of other traditional cardiovascular risk fac-
tors [6]. In patients with thalassemia, high incidence of
thromboembolic events has been found [7].

Early detection of cardiovascular risk and subclinical athero-
sclerosis should represent a priority, along with the detection of
new cardiovascular active substances [8]. Carotid intima-media
thickness (CIMT) was used in assessing the presence and the
progression of the atherosclerotic process for its value as an
approved marker of early atherosclerosis [9,10]. It has been
used in clinical trials frequently for its quantitative value and its

trustable results in detecting subclinical atherosclerosis in the
clinical setting [4,11].

There is a growing evidence about the contribution of inflam-
mation to the pathophysiological features of atherosclerosis
[12,13], as well as the role of high sensitive C reactive protein (Hs-
CRP) and interleukin-6 (IL-6) as inflammatory biomarkers in the
development of vascular events [14,15]. Hs-CRP and IL-6 levels
have showed correlations with endothelial dysfunction, arterial
stiffness, and extent of subclinical atherosclerosis [16-19].
Moreover, there was an appreciable importance of subtype leu-
kocyte and platelet count in the occurrence of cardiovascular
events in healthy individuals [20,21].

It has been a matter of concern in research to assess
atherosclerosis and its predictors in patients with Tl [22]. Due
to the improving survival of thalassemia patients, more studies
are needed to evaluate precisely the prevalence of athero-
sclerotic disease in adult patients with Tl and TM [23].

In our study, we aimed at comparing CIMT between
patients with Tl and healthy control, besides investigating
the relationship between CIMT (as a subclinical atherosclerotic
biomarker) and lipid profile, iron metabolic indices, and
inflammatory markers in Tl patients.
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2. Patients and methods
2.1. Patients

This study included 45 B- Tl patients who were attending the
Clinical Hematology Clinic at Assiut University Hospitals for
health maintenance, and 34 healthy individuals served as a
control group. Both groups were comparable for age, sex, and
body mass index (BMI). Diagnosis of thalassemia was based on
the presence of microcytic hypochromic anemia in complete
blood count (CBC), reticulocytosis, and markers of hemolysis,
as well as high-performance liquid chromatography, was done
for hemoglobin (Hb) analysis [24]. The sample size was calcu-
lated using the G power program. To detect a significant
difference between the two independent groups, with a
power of 95%, an effect size of 0.9, at least 26 subjects for
each group were needed. The study groups included patients
aged 18 years old and older. We excluded patients with an
acute medical condition, having an infection, a high CRP (>6),
malignancy, known immunosuppressed, or taking non-
steroidal anti-inflammatory drugs (NSAIDs) or steroids. We
also excluded diabetic, hypertensive, and obese individuals
(BMI > 30 kg/m2). All participants signed written informed
consent.

2.2. Methods

From Tl patients, a detailed history and a thorough clinical
examination were done. Laboratory investigations included
CBC, total bilirubin (TB), total cholesterol, triglycerides, high-
density lipoprotein cholesterol (HDL-C), and Low-density lipo-
protein cholesterol (LDL-C), serum ferritin, IL-6, and Hs-CRP.
Blood samples from both groups were withdrawn through
venipuncture under an aseptic technique and were collected
in EDTA, 3.2% trisodium citrate, and plain tubes. Samples in
the plain tube were centrifuged for 20 min at 2000-3000 rpm
at 4°C then separated into aliquots, and immediately stored at
—70°C until the time of testing.

Estimation of Hb, white blood cell count (WBC), and plate-
let count were performed on CELL-DYN 3700 hematology
analyzer. The WBC differential used VCS technology which
uses three simultaneous measurements of individual cell
volume (V), high-frequency conductivity (C) and laser light
scatter (S). The scattergram plotted the cells based upon the
measurements of these three parameters. Reticulocyte count
was carried out on brilliant cresyl blue-stained smear. An
indirect enzyme-linked immunosorbent assay (ELISA) kit
(Diametra SRL, ltaly) was used to perform the ferritin level.
Total cholesterol and triglyceride concentrations were esti-
mated using enzymatic methods (Roche Diagnostics,
Mannheim, Germany). HDL cholesterol was determined after
precipitation with phosphotungstic acid/magnesium chloride.
LDL cholesterol was measured by direct LDL-C assay (Roche
Diagnostics). IL-6 was performed using an indirect enzyme-
linked immunosorbent assay (ELISA) kit (SinoGeneclon Biotech
Co., Ltd, China). Hs-CRP was done using an enzyme immu-
noassay test kit (Perfect Ease Biotech (Beijing) Co., Ltd, USA).

All patients had echocardiography done with an HDI 5000
instrument (Philips Medical Systems, Bothell, Washington,

USA) equipped with a broadband harmonic transducer. Left
ventricular (LV) dimensions were calculated using 2D guided
M-mode calculations. Left ventricular systolic ejection fraction
(LVSEF) was measured by 2D guided M-mode calculations. The
CIMT was measured as the distance between two lines; the
first line represented luminal-intimal transition and the second
one medial-adventitial transition. Three readings of CIMT on
both sides were recorded then a mean was calculated. Results
of both sides were then pooled in a single CIMT reading.

The study was approved by the Faculty of Medicine’s
Research Ethics Medical Review Board at Assiut University
under the number of IRB17200010. It is also registered at
Clinical Trials.Gov: NCT03170245 (Unique Protocol ID:
ADICIBT).

2.3. Statistical analysis

We used SPSS software Chicago, IL, USA, version 21 to perform
the statistical analyses. Variables were evaluated for normal
distribution by using the Kolmogorov-Smirnov test and all
were normally distributed. The Chi-square test was used to
compare categorical variables in both groups. Student T-test
was used to compare the continuous variables presented as
mean + SD. Pearson correlation was used in measuring the
degree or extent of the correlation between CIMT and other
variables. To test the relation between CIMT and other rele-
vant variables, we used the univariate regression analysis. Hs-
CRP was used to test the independent predictors of CIMT in
the multivariate analysis. ROC analysis was used to estimate
the sensitivity and specificity of Hs-CRP in detecting CIMT >
0.05 cm in Tl patients (which was above the mean CIMT in the
control group). We consider P-value < 0.05 as a significant
value.

3. Results
3.1. Demographic, laboratory, and CIMT data

The ages of Tl patients ranged from 18 to 49 years old, where
males were 22 (48.9%) and females were 23 (51.1%), while the
ages of the control ranged from 18 to 53 years old, where
males were 16 (47.1%) and females were 18 (52.9%). Out of
the studied patients, 11 patients (24.4%) were splenectomized.
Age of diagnosis of the studied patients ranged from
12 — 38 years old. As for the transfusion history, 26 patients
(57.8%) had transfusion history while 19 patients (42.2%) had
no previous transfusion history. There were only 15 patients
(33.3%) on iron chelation therapy. Out of the 15 patients on
iron chelation, 11 patients (73.3%) were on deferasirox while 4
patients (26.7%) were on deferiprone. Patients started iron
chelation at variable durations from the time of diagnosis,
four (26.6%) patients started it on diagnosis, nine (60%)
patients within the first 5 years of diagnosis while the last 2
patients (13.4%) started iron chelation later on. No history of
previous cardiovascular or thromboembolic events in the stu-
died group. No smoking history in all Tl patients and only 4 of
the healthy control group were mild smokers. Laboratory,
echocardiography, and CIMT values of both groups are
shown in (Table 1). Based on a cutoff point of ferritin



Table 1. Comparison of laboratory parameters and CIMT between thalassemia
intermedia patients’ group and control group.

B- thalassemia P
Variables intermedia patients Control = Value
Age (years) 29.87 + 7.65 26.38 +7.97  0.054
Range 18-49 Range 18-
53

Male Sex 22 (48.9%) 16 (47.1%) 0.815
Female sex 23 (51.1%) 18 (52.9%)
BMI(kg/mz) 23.41 + 2.29 2299 + 2.6 0.452
Age at diagnosis 19.8 + 6.16 -

(years) Range 12-38
History of 26 (57.8%) -

transfusion No.

(%)
Splenectomy No. (%) 11 (24.4%) -
Iron chelation No. 15 (33.3%) -

(%)
WBC (x10°/L) 8.78 + 2.87 5.44 + 1.33 0.000*
ANC (x10°/L) 4.75 + 1.7 274 + 1.14 0.000*
Hb (g/dI) 7.39 + 1.03 13.54 £ 2.14  0.000*
PLTs (x10°/L) 410.24 = 115.8 282.41 + 66.74 0.000*
Reticulocytes (%) 4.23 + 2.59 1.18 £ 0.57 0.000*
TB (umol/L) 43.9 + 16.82 10.89 + 5.04 0.000*
IL-6 (ng/L) 8.45 + 3.69 5.18 + 1.26 0.000*
Hs-CRP (ng/ml) 54.85 + 32.44 39.50 + 30.49 0.036*
Serum ferritin (ng/  670.81 + 335.67 110.66 + 29.08 0.000*

ml)
Total cholesterol 91.83 + 22.25 158.47 + 25.55 0.000*

(mg/dl)
Triglycerides (mg/dl) 103.07 + 31.89 79.12 + 31.16  0.001*
HDL-C (mg/dl) 37.37 £ 11.31 44.44 + 11.26 0.007*
LDL-C (mg/dI) 36.42 + 13.71 99.03 + 20.83  0.000*
CIMT(cm) 0.06 *+ 0.01 0.05 = 0.01 0.000*
LVSEF (%) 59.87 = 5.74 64.65 + 4.70 0.000*
PASP(mmHg) 29.49 + 6.59 24.68 *+ 5.28 0.001*

BMI: Body mass index, WBC: White blood cell, ANC: Absolute neutrophil count,
Hb: Hemoglobin, PLTs: Platelets,

TB: Total bilirubin, IL-6: Interleukin-6, Hs-CRP: High sensitive C- reactive
protein, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-density
lipoprotein cholesterol, CIMT: Carotid intima-media thickness,

LVSEF: Left ventricular systolic ejection fraction, PASP: Pulmonary artery sys-
tolic pressure

*Statistically significant

800 ng/ml, the results revealed that CIMT, Hs-CRP, and IL-6
were significantly higher in patients with serum ferritin
800 ng/ml and more than those in patients with serum ferritin
less than 800 ng/ml (Figure 1)
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3.2. Correlation data

Positive correlations were found between CIMT and absolute
neutrophil count (ANC), WBC, serum ferritin, IL-6, and Hs-CRP
as shown in (Table 2). While CIMT was not correlated with age,
BMI, Hb, Platelets (PLTs), cholesterol, triglycerides, HDL-C, LDL-
C, LVSEF, or PSAP. Strong positive correlations were found
between Ferritin and both Hs-CRP and IL-6, and between Hs-
CRP and IL-6 (Figure 2).

3.3. Univariate and multivariate analysis

In univariate analysis, there were significant relations between
CIMT, BMI, ANC, and Hs-CRP (Table 3). The multivariate analy-
sis was conducted after the exclusion of the co-linear vari-
ables. The best multivariate model included Hs-CRP. In the
multivariate regression, Hs-CRP was an independent predictor
of CIMT (Table 4).

3.4. ROC analysis

To test the diagnostic characteristics of Hs-CRP as a diagnostic
test in detecting abnormal CIMT (more than the mean of
normal control), a receiver operating characteristic had been
conducted. A cut off value of 60.4 ng/ml had a sensitivity of
63.3% and a specificity of 93.3% (Figure 3).

4. Discussion

We concluded that the main findings of this study were: (1)
CIMT, serum ferritin, IL-6, and Hs-CRP were significantly higher
in Tl patients than control and were higher in patients with
serum ferritin > 800 ng/ml, (2) LVSEF was significantly lower
and PSAP was significantly higher in Tl patients than control
(3) Both serum ferritin and inflammatory markers had signifi-
cant positive correlations with CIMT, (4) CIMT was not corre-
lated with the lipid profile in thalassemia intermedia patients,
(5) Hs-CRP was an independent predictor of abnormal CIMT.

X

IL-6 (ngfL)

H=-CRP (ngimi)
5

0

067

iy

CIMT (cm)

l T
Fsrtn > 800 Fesrtn « 600

Ferritin (nglmi)

T
Ferrtn < 00

Ferritin (ng/mi)

Fsrt »o 800 ot

T T
Fertn < 800 Ferrtin »= 500

Ferritin (ng/ml)

Figure 1. Comparison of IL-6 (A), Hs-CRP (B), and CIMT(C) results in B-thalassemia intermedia patients based on a cutoff point of ferritin 800 ng/ml.
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Table 2. Correlation between CIMT and other variables.

CIMT (cm)

r-value P-value
Age (years) 0.155 0.308
BMI (kg/m?) 0.208 0.171
WBC (x109/L) 0.333 0.025*
ANC (x109/L) 0.320 0.032*
Hb (g/dl) —-0.036 0.812
PLTs (x109/L) 0.168 0.269
Serum Ferritin (ng/ml) 0.544 0.000*
IL-6 (ng/L) 0.520 0.000*
Hs-CRP (ng/ml) 0.603 0.000*
Total cholesterol (mg/dl) 0.155 0.310
Triglycerides (mg/dl) 0.010 0.949
HDL-C (mg/dl) 0.212 0.162
LDL-C (mg/dl) -0.012 0.937
LVSEF (%) -0.064 0.678
PASP (mmHg) 0.291 0.052

CIMT: Carotid intima-media thickness, BMI: Body mass index, WBC: White
blood cell, ANC: Absolute neutrophil count,
Hb: Hemoglobin, PLTs: Platelets, IL-6: Interleukin-6, Hs-CRP: High sensitive C-
reactive protein, HDL-C: High-density lipoprotein cholesterol, LDL-C: Low-
density lipoprotein cholesterol, LVSEF: Left ventricular systolic ejection

fraction,

PASP: Pulmonary artery systolic pressure

*Statistically significant

This study showed that Tl patients had significantly higher

CIMT than control. CIMT is a good determinant of subclinical
atherosclerosis [25-28]. Increased CIMT was considered as a
mirror of atherosclerotic burden, and could predict subse-
quent events including myocardial infarction and stroke
[4,25]. Studies conducted to investigate CIMT in thalassemia
patients had controversial results. Hahalis et al. and Adly et al.
found higher CIMT in Tl patients [29,30], while Nassef et al. did
not find a difference between cases and control despite the
finding that concluded the occurrence of early premature
atherosclerosis and arterial resistance in Tl confirmed by the
mean flow velocity (MFV) and peak systolic velocity (PSV) of
middle cerebral and basilar arteries [30].

In the current work, lower levels of total cholesterol, HDL-c,
and LDL-c with higher triglycerides levels were found in TI
patients compared to the control. Most studies demonstrated
hypocholesterolemia and hypertriglyceridemia in Tl compared
to healthy participants [30-35]. The major mechanisms that
had been claimed for hypocholesterolemia in thalassemia
were: (1) The accelerated erythropoiesis that enhances the
bone marrow to consume cholesterol to be provided for the
erythroid progenitor cells [31,36], (2) The reduced hepatic
secretion and increased catabolism of LDL-C due to increased
production of inflammatory cytokines [37,38], and (3) The
increased clearance of cholesterol by the macrophages of
the spleen and the liver [37]. The increased triglycerides levels
could be contributed to the reduced extrahepatic lipolytic
activity [39].

The absolute level of LDL-C was not considered as more
important in atherogenesis than the modification of LDL in the
arterial wall. In particular by oxidation, it appears to be more
important so that the decreased LDL-C level in thalassemia
patients would not appear to have a protective effect against
atherosclerosis [35]. It was established that coronary heart
disease can occur at any level of serum cholesterol [40], and
there was a crucial role for the oxidation in atherosclerotic
plague formation [41]. The increased oxidative stress in
patients with thalassemia was attributed to abnormal iron
homeostasis [42,43].

High ferritin level in TI patients was found in many clinical
studies [33,44-46] in concordance to the current study. The
enhanced iron absorption secondary to ineffective erythropoi-
esis was the contributing factor for the iron overload in TI
patients [44,47]. The oxidation of LDL in the vascular subin-
tima was enhanced by the increased iron-catalyzed free radi-
cal reactions secondary to the iron overload state [48]. This
theory had been supported by clinical, and epidemiological
studies that concluded that there were alterations of arterial
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Figure 2. Scatter blot and correlations between (A) Ferritin and Hs-CRP, (B) Ferritin and IL-6, and (C) Hs-CRP and IL-6.
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Figure 3. Diagnostic characteristics of Hs-CRP in B-thalassemia intermedia patients.

structures which provoke the process of atherosclerosis due to
iron overloading in patients with TM [49-51]. A significant
correlation was detected between CIMT and ferritin [52,53].
Moreover, this iron overload state could also overstimulate
the macrophages which in turn increase IL-6 production [54]. The
production of CRP and other acute-phase proteins in the liver
and their release into the bloodstream is stimulated by IL-6 [55].
In agreement with the current finding, Kanavaki et al. had
found an increased hs-CRP and both Aggeli et al. and Tselepis et

Table 3. Univariate linear regression of variables and CIMT **,

oecents S50% Clfor

Beta T P-value Lower Upper
Age - 0.100 -0.742 0.464 0.000 0.000
BMI 0.403 2.859 0.008* 0.000 0.002
WBC - 0.035 -0.217 0.830 - 0.001 0.001
ANC 0.344 2.073 0.047* 0.000 0.003
Hb - 0.099 - 0.836 0.409 - 0.002 0.001
PLTs 0.122 1.063 0.296 0.000 0.000
Cholesterol 0.391 1.120 0.271 0.000 0.000
Triglycerides - 0.088 - 0.533 0.598 0.000 0.000
HDL-C 0.065 0.237 0.815 0.000 0.000
LDL-C - 0.374 -1.929 0.063 0.000 0.000
Ferritin 0.062 0.360 0.721 0.000 0.000
Hs-CRP 0.564 2.944 0.006* 0.000 0.000
IL-6 0.017 0.092 0.927 - 0.001 0.001

CIMT: Carotid intima-media thickness, BMI: Body mass index, WBC: White
blood count, ANC: Absolute neutrophil count,

Hb: Hemoglobin, PLTs: Platelets, HDL-C: High-density lipoprotein cholesterol,
LDL-C: Low-density lipoprotein cholesterol,

Hs-CRP: High sensitive C- reactive protein, IL-6: Interleukin-6

* Statistically significant

** Dependent Variable: CIMT

al. had found an increased IL-6 level in patients with TI [33,56,571,
and Hs-CRP had been associated with arterial stiffness [58-62].
Moreover, circulating IL-6 was independently correlated with CIMT
[63]. In apparently healthy men and women, independent associa-
tions of IL-6 and CRP were found with cardiovascular events and
mortality [64-66].

Tl patients were found to have higher ANC than the con-
trol. In addition, ANC had a positive correlation with CIMT.
Circulating neutrophils are recruited to the arterial walls by IL-

Table 4. Multivariate linear regression of variables and CIMT **.

“Coeficents S50% Cl.for s
Beta t P-value Lower Upper
Age 0.055 0.399 0.693 0.000 0.000
WBC 0.167 1.274 0.211 0.000 0.001
Hb - 0.163 -1.276 0.210 - 0.003 0.001
PLTs 0.111 0.895 0.377 0.000 0.000
Cholesterol 0.235 0.654 0.517 0.000 0.000
Triglycerides  — 0.001 —-0.004 0.997 0.000 0.000
HDL-C 0.165 0.552 0.584 0.000 0.000
LDL-C - 0.286 -1.448 0.156 0.000 0.000
Hs-CRP 0.586 4.617 0.000* 0.000 0.000

CIMT: Carotid intima-media thickness, WBC: White blood count, Hb:
Hemoglobin, PLTs: Platelets, HDL-C: High-density lipoprotein cholesterol,
LDL-C: Low-density lipoprotein cholesterol, Hs-CRP: High sensitive C- reac-
tive protein

* Statistically significant

** Dependent Variable: CIMT
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6 secreted from the stimulated macrophages secondary to the
oxidized LDL and iron overload state in the vascular subintima
which in turn promotes atherosclerosis. It was demonstrated
in many studies that neutrophils infiltrate human carotid
atherosclerotic plaques and contribute to the destabilization
and subsequent rupture of these plaques [67,68]. Besides
being an indicator of systemic inflammation, neutrophils
were also considered to be a useful biomarker for predicting
the risk of cardiac-cerebral vascular diseases [69-71] and asso-
ciated with adverse cardiovascular events [72].

The studied group of patients was found to have lower
LVSEF compared to controls which was in concordance with
the findings of Adly study [29]. Cardiac toxicity is often insi-
dious; less than half of the patients with -thalassemia have
detectable cardiac iron, though many of them are asympto-
matic [73,74]. Electrocardiography and echocardiography
signs of iron toxicity do not appear until severe cardiac iron
deposition has occurred [75,76]. Cardiac iron overload is the
leading cause of death in patients with TM and TI, which is
associated with cardiac dysfunction and chronic cardiac failure
[77,78]. Higher PSAP, which is found in our patients, was in
agreement with Moghaddam and Amoozgar studies [79,80].
Endothelial activation along with chronic inflammation under-
lies the pathophysiology of B-thalassemia [56]. This endothe-
lial dysfunction is characterized by reduced nitric oxide
bioavailability, and pro-oxidant and pro-inflammatory stress
[81]. As a consequence, blood cells adhere and migrate
through the endothelium into the tissues [82,83], with the
development of vascular intimal hyperplasia, platelet activa-
tion, neutrophil adhesiveness [57,84], and coagulopathy,
resulting in further vasomotor instability, proliferative vascu-
lopathy, and endothelial injury [57,84], a hallmark of the
development of pulmonary hypertension (PHT) in adult-
hood [81].

The cross-sectional and observational nature of the study
limited the ability to establish a cause and an effect relation-
ship. We recommended conducting a prospective study to
identify this relation.

Furthermore, our recommendations which based on this pro-
inflammatory status and premature atherosclerosis in Tl patients
are to modify lifestyle, proper iron chelation, and screen for
other risk factors of atherosclerosis in those patients for early
management to achieve primary prophylaxis of the athero-
sclerotic events. Moreover, we can carry on a randomized clinical
trial to verify if there is a role for anti-inflammatory drugs in
lowering the studied pro-inflammatory markers and the pro-
gress of CIMT. Such a study would provide a more precise vision
of the follow-up plan and treatment schedules in Tl patients.

5. Conclusion

We concluded that Tl patients had abnormally higher CIMT
than control despite the protective lipid profile and that could
be explained by the overstimulation of macrophages by the
iron overload state. This iron overload state also could increase
the oxidized portion of LDL and the overstimulated macro-
phages would oversecrete inflammatory mediators that in
turn would recruit neutrophils and initiate atherosclerosis.

Acknowledgments

We would acknowledge the role of Dr Mohammed Gamal Azizeldine,
house officer at Assiut University Hospital, in data collection in our work.

Author contributions

Osama Ahmad Ibrahim: Conception and design of the work, obtaining
funding, supervision, careful revision of the protocol, revision of the
methodology of the study and interpretation of the results then finally,
revision of the paper before submission.

Ahmad B. Ahmad: Study and revision of the study aims and metho-
dology, responsible for doing echocardiography and doppler required in
the study, interpretation of the echocardiography and doppler results in
relation to the studied markers then lastly, sharing in the paper writing.

Dalia Ahmad Nigm: Substantial contribution to the conception of the
work, concerned about the laboratory results, revision of the methodol-
ogy, and interpretation of the results.

Asmaa Nady Hussien: The principal investigator responsible for the
design of the work, collection of data, obtaining fund, analysis of study results
and paper drafting then finally, approval of the version to be published.

Walaa H. Mohammad Ibrahim: Significant revision of the protocol
and work design, analysis of the data and interpretation of results then
final revision of the paper.

Disclosure statement

The authors have no relevant affiliations or financial involvement with any
organization or entity with a financial interest in or financial conflict with
the subject matter or materials discussed in the manuscript. This includes
employment, consultancies, honoraria, stock ownership or options, expert
testimony, grants or patents received or pending, or royalties.

Reviewer disclosures

Peer reviewers on this manuscript have no relevant financial or other
relationships to disclose.

Funding

The present work was sponsored by the Faculty of Medicine’s research
grant office - Assiut University. The grant number was 001-22022017.

References

Papers of special note have been highlighted as either of interest () or of
considerable interest () to readers.

1. Taher A, Weatherall D, Cappellini MD. Thalassaemia. Lancet.
2018;391(10116):155-167. Available from: https://pubmed.ncbi.
nlm.nih.gov/28774421/

2. El-Beshlawy A, Youssry |. Prevention of hemoglobinopathies in
Egypt. Hemoglobin. 2009;33(sup1):14-20. Available from: https://
pubmed.ncbi.nlm.nih.gov/20001619/

3. Chaudhary S, Dhawan D, Prashanth G, et al. Compound heterozy-
gous 3+ B0 mutation of HBB gene leading to B-thalassemia major
in a Gujarati family: a case study. Mol Genet Metab Rep.
2016;7:51-53. Available from: https://pubmed.ncbi.nlm.nih.gov/
27134826/

4. Hahalis G, Kremastinos D, Terzis G, et al. Global vasomotor dysfunc-
tion and accelerated vascular aging in (-thalassemia major.
Atherosclerosis. 2008;198(2):448-457.

5. Stoyanova E, Trudel M, Felfly H, et al. Vascular endothelial dysfunc-
tion in thalassemia occurs despite increased eNOS expression and
preserved vascular smooth muscle cell reactivity to NO. PLoS One.
2012;7(6):e38089.


https://pubmed.ncbi.nlm.nih.gov/28774421/
https://pubmed.ncbi.nlm.nih.gov/28774421/
https://pubmed.ncbi.nlm.nih.gov/20001619/
https://pubmed.ncbi.nlm.nih.gov/20001619/
https://pubmed.ncbi.nlm.nih.gov/27134826/
https://pubmed.ncbi.nlm.nih.gov/27134826/

10.

11.

12.

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

. Ahluwalia N, Genoux A, Ferrieres J, et al. Iron status is associated

with carotid atherosclerotic plaques in middle-aged adults. J Nutr.
2010;140(4):812-816.

. Cappellini M, Grespi E, Cassinerio E, et al. Coagulation and sple-

nectomy: an overview. Ann N Y Acad Sci. 2005;1054:317-324.
Available from: https://pubmed.ncbi.nim.nih.gov/16339680/

. Mozos |, Jianu D, Gug C, et al. Links between high-sensitivity

C-reactive protein and pulse wave analysis in middle-aged patients
with hypertension and high normal blood pressure. Dis Markers.
2019;3:1-9. Available from: https://pubmed.ncbi.nlm.nih.gov/
31396293/

. Ferrara D, Taylor W. Iron chelation and vascular function: in search

of the mechanisms. Arterioscler Thromb Vasc Biol. 2005;25
(11):2235-2237. Available from: https://pubmed.ncbi.nim.nih.gov/
16258147/

Drueke T, Witko-Sarsat V, Massy Z, et al. Iron therapy, advanced
oxidation protein products, and carotid artery intima-media thickness
in end-stage renal disease. Circulation. 2002;106(17):2212-2217.
Aggoun Y, Szezepanski |, Bonnet D. Noninvasive assessment of
arterial stiffness and risk of atherosclerotic events in children.
Pediatr Res. 2005;58(2):173-178. Available from: https://pubmed.
ncbi.nlm.nih.gov/16055929/

Gomez D, Baylis R, Durgin B, et al. Interleukin-1beta has atheropro-
tective effects in advanced atherosclerotic lesions of mice. Nat
Med. 2018;24:1418-1429. Available from: https://pubmed.ncbi.
nim.nih.gov/30038218/

. Tunon J, Back M, Badimon L, et al. Interplay between hypercholes-

terolaemia and inflammation in atherosclerosis: translating experi-
mental targets into clinical practice. Eur J Prev Cardiol. 2018;25
(9):948-955.

Ridker P. Clinician’s guide to reducing inflammation to reduce
atherothrombotic risk: JACC review topic of the week. J Am Coll
Cardiol. 2018;72(25):3320-3331. Available from: https://pubmed.
ncbi.nlm.nih.gov/30415883/

Hartman J, Frishman W. Inflammation and atherosclerosis: a review
of the role of interleukin-6 in the development of atherosclerosis
and the potential for targeted drug therapy. Cardiol Rev. 2014;22
(3):147-151. Available from: https://pubmed.ncbi.nlm.nih.gov/
24618929/

Pradhan AD, Manson JE, Rifai N, et al. C-reactive protein,
interleukin-6, and risk of developing type 2 diabetes mellitus.
JAMA. 2001;286:327-334. Available from: https://pubmed.ncbi.
nim.nih.gov/11466099/

Mahmud A, Feely J. Arterial stiffness is related to systemic inflammation
in essential hypertension. Hypertension. 2005;46(5):1118-1122. Available
from: https://pubmed.ncbi.nlm.nih.gov/16216991/

Esteve E, Castro A, Lopez-Bermejo A, et al. Serum interleukin-6
correlates with endothelial dysfunction in healthy men indepen-
dently of insulin sensitivity. Diabetes Care. 2007;30(4):939-945.
Lee W, Allison M, Kim D, et al. Association of interleukin-6 and
C-reactive protein with subclinical carotid atherosclerosis (the
Rancho Bernardo study). Am J Cardiol. 2007;99(1):99-102.
Giugliano G, Brevetti G, Lanero S, et al. Leukocyte count in peripheral
arterial disease: a simple, reliable, inexpensive approach to cardiovas-
cular risk prediction. Atherosclerosis. 2010;210(1):288-293.

Doéring Y, Drechsler M, Soehnlein O, et al. Neutrophils in athero-
sclerosis: from mice to man. Arterioscler Thromb Vasc Biol. 2015;35
(2):288-295.

Hashemi M, Shirzadi E, Talaei Z, et al. Effect of heterozygous
beta-thalassemia trait on coronary atherosclerosis via coronary
artery disease risk factors: a preliminary study. Cardiovasc J Afr.
2007;18(3):165-168. Available from: https://pubmed.ncbi.nim.nih.
gov/17612748/

Ricchi P, Ammirabile M, Maggio A. Hypocholesterolemia in tha-
lassemia - pathogenesis, implications and clinical effects. Eur
Hematol. 4(4), 20-23. (2010). Available from: https://www.
researchgate.net/publication/267962037_Hypocholesterolemia_
in_Thalassemia_-_Pathogenesis_Implications_and_Clinical_
Effects

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

EXPERT REVIEW OF HEMATOLOGY e 7

Giardina P, Forget B. Thalassemia syndromes. In: Hoffman R, Benz
EJ, Shattil SJ, et al, editors. Hematology: basic principles and
practice. 5th ed. Philadelphia: Elsevier Churchill Livingstone; 2008.
p. 535-563.

Fin A, Kolodgie FD, Virmani R. Correlation between carotid
intima-media thickness and atherosclerosis: a point of view from
pathology. Arterioscler Thromb Vasc Biol. 2010;30:177-181.
Jarvisalo M, Jartti L, Nanto-Salonen K, et al. Increased aortic
intima-media thickness: a marker of preclinical atherosclerosis in
high-risk children. Circulation. 2001;104(24):2943-2947.

Cheung T, Chow P, Chan G, et al. Carotid-intima media thickness is
increased and related to arterial stiffness in patients with
beta-thalassemia major. Br J Hematol. 135, 732-734. (2006).
Available from: https://pubmed.ncbi.nIm.nih.gov/17107355/
Hahalis G, Kalogeropoulos A, Terzis G, et al. Premature athero-
sclerosis in non-transfusion-dependent b-thalassemia intermedia.
Cardiol. 2011;118(3):159-163.

Adly A, El-Sherif N, Ismail E, et al. Vascular dysfunction in patients
with young f-thalassemia: relation to cardiovascular complications
and subclinical atherosclerosis. Clin Appl Thromb Hemost. 2015;21
(8):733-744.

Nassef S, El Shenoufy M, Rawi R, et al. Assessment of atherosclero-
sis in peripheral and central circulation in adult B-thalassemia
intermedia patients by color doppler ultrasound: Egyptian experi-
ence. Vasc Res. 57, 206-212. (2020). Available from: https://
pubmed.ncbi.nlm.nih.gov/32396894/

Hartman C, Tamary H, Tamir A. Hypocholesterolemia in children
and adolescents with beta-thalassemia intermedia. J Pediatr.
2002;141:543-547.

Ricchi P, Ammirabile M, Spasiano A, et al. Hypocholesterolemia in
adult patients with thalassemia: a link with the severity of geno-
type in thalassemia intermedia patients. Eur J Hematol. 2009;82
(3):219-222.

Tselepis D, Hahalis G, Tellis C, et al. Plasma levels of lipoprotein-
associated phospholipase A2 are increased in patients with {3 -
thalassemia. J Lipid Res. 2010;51:3331-3341. Available from:
https://pubmed.ncbi.nim.nih.gov/20625038/

Ragab S, Safan M, Sherif A. Lipid profile in beta-thalassemia
children. Menofia Medical J. 27, 66-72. (2014). Available from:
https://www.mmj.eg.net/article.asp?=1110-2098;year=2014;
volume=27;issue=1;spage=66;epage=72;aulast=Ragab

Tolba M, Soliman N, El-Kamah G, et al. Oxidative stress damage and
risk of atherosclerosis in beta-thalassemia patients. Int J Life Sci Res.
3(4), 73-84. (2015). Available from: https://www.researchgate.net/
publication/307820197_Oxidative_Stress_Damage_and_Risk_of_
Atherosclerosis_in_Beta-Thalassemia_Patients

Amendola G, Danise P, Todisco N, et al. Lipid profile in
beta-thalassemia intermedia patients: correlation with erythroid
bone marrow activity. Int J Lab Hematol. 2007;29:172-176.
Available from: https://pubmed.ncbi.nim.nih.gov/17474893/
Calandra S, Bertolini S, Pes G, et al. Beta-thalassemia is a modifying
factor of the clinical expression of familial hypercholesterolemia .
Semin Vasc Med. 4, 271-278. (2004). Available from: https://
pubmed.ncbi.nim.nih.gov/15630628/

Cakmak A, Soker M, Koc A, et al. Paraoxonase and arylesterase
activity with oxidative status in children with thalassemia major. J
Pediatr Hematol Oncol. 2009;31(8):583-587.

Al-Quobaili F, Abou Asali I. Serum levels of lipids and lipoproteins
in Syrian patients with beta-thalassemia major. Saudi Med J.
2004;25:871-875. Available from: https://pubmed.ncbi.nim.nih.
gov/15235691/

Haghpanah S, Davani M, Samadi B, et al. Serum lipid profiles in
patients with beta-thalassemia major and intermedia in southern
Iran. J Res Med Sci. 2010;15:150-154. Available from: https://
pubmed.ncbi.nlm.nih.gov/21526074/

Aydin S, Eren M, Aydin S, et al. The bioactive peptides salusins and
apelin-36 are produced in human arterial and venous tissues and
the changes of their levels during cardiopulmonary bypass.
Peptides. 2012;37(2):233-239.


https://pubmed.ncbi.nlm.nih.gov/16339680/
https://pubmed.ncbi.nlm.nih.gov/31396293/
https://pubmed.ncbi.nlm.nih.gov/31396293/
https://pubmed.ncbi.nlm.nih.gov/16258147/
https://pubmed.ncbi.nlm.nih.gov/16258147/
https://pubmed.ncbi.nlm.nih.gov/16055929/
https://pubmed.ncbi.nlm.nih.gov/16055929/
https://pubmed.ncbi.nlm.nih.gov/30038218/
https://pubmed.ncbi.nlm.nih.gov/30038218/
https://pubmed.ncbi.nlm.nih.gov/30415883/
https://pubmed.ncbi.nlm.nih.gov/30415883/
https://pubmed.ncbi.nlm.nih.gov/24618929/
https://pubmed.ncbi.nlm.nih.gov/24618929/
https://pubmed.ncbi.nlm.nih.gov/11466099/
https://pubmed.ncbi.nlm.nih.gov/11466099/
https://pubmed.ncbi.nlm.nih.gov/16216991/
https://pubmed.ncbi.nlm.nih.gov/17612748/
https://pubmed.ncbi.nlm.nih.gov/17612748/
https://www.researchgate.net/publication/267962037_Hypocholesterolemia_in_Thalassemia_-_Pathogenesis_Implications_and_Clinical_Effects
https://www.researchgate.net/publication/267962037_Hypocholesterolemia_in_Thalassemia_-_Pathogenesis_Implications_and_Clinical_Effects
https://www.researchgate.net/publication/267962037_Hypocholesterolemia_in_Thalassemia_-_Pathogenesis_Implications_and_Clinical_Effects
https://www.researchgate.net/publication/267962037_Hypocholesterolemia_in_Thalassemia_-_Pathogenesis_Implications_and_Clinical_Effects
https://pubmed.ncbi.nlm.nih.gov/17107355/
https://pubmed.ncbi.nlm.nih.gov/32396894/
https://pubmed.ncbi.nlm.nih.gov/32396894/
https://pubmed.ncbi.nlm.nih.gov/20625038/
https://www.mmj.eg.net/article.asp?=1110-2098;year=2014;volume=27;issue=1;spage=66;epage=72;aulast=Ragab
https://www.mmj.eg.net/article.asp?=1110-2098;year=2014;volume=27;issue=1;spage=66;epage=72;aulast=Ragab
https://www.researchgate.net/publication/307820197_Oxidative_Stress_Damage_and_Risk_of_Atherosclerosis_in_Beta-Thalassemia_Patients
https://www.researchgate.net/publication/307820197_Oxidative_Stress_Damage_and_Risk_of_Atherosclerosis_in_Beta-Thalassemia_Patients
https://www.researchgate.net/publication/307820197_Oxidative_Stress_Damage_and_Risk_of_Atherosclerosis_in_Beta-Thalassemia_Patients
https://pubmed.ncbi.nlm.nih.gov/17474893/
https://pubmed.ncbi.nlm.nih.gov/15630628/
https://pubmed.ncbi.nlm.nih.gov/15630628/
https://pubmed.ncbi.nlm.nih.gov/15235691/
https://pubmed.ncbi.nlm.nih.gov/15235691/
https://pubmed.ncbi.nlm.nih.gov/21526074/
https://pubmed.ncbi.nlm.nih.gov/21526074/

8 O. AHMAD IBRAHIM ET AL.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Miller Y, Felikman Y, Shaklai N. Hemoglobin induced apolipopro-
tein B crosslinking in low-density lipoprotein peroxidation. Arch
Biochem Biophys. 1996;326:252-260.

Altamentova S, Marva E, Shaklai N. Oxidative interaction of
unpaired hemoglobin chains with lipids and proteins: a key for
modified serum lipoprotein in thalassemia. Arch Biochem Biophys.
1997;345:39-46.

Safniyat S, Shakibazad N, Haghpanah S, et al. Parameters of tissue
iron overload and cardiac function in patients with thalassemia
major and intermedia. Acta Hematologica Polonica. 2020;51(2),
95-101. Available from: https://www.researchgate.net/publication/
342836867_Parameters_of_tissue_iron_overload_and_cardiac_func
tion_in_patients_with_thalassemia_major_and_intermedia
Hossaini S, Haeri M. Association between serum levels of hepcidin
and ferritin in patients with thalassemia major and intermedia, the
role of iron chelator. J Hematopathol. 12, 143-147. (2019). Available
from: https://link.springer.com/article/10.1007/5s12308-019-00363-x
Yassin M, Soliman A, De Sanctis V, et al. Final height and endocrine
complications in patients with (-thalassemia intermedia: our
experience in non-transfused versus infrequently transfused
patients and correlations with liver iron content. Mediterr J
Hematol Infect Dis. 2019;11(1):e2019026.

Weatherall DJ. Genetic disorders of hemoglobin. In: Hofbrand AV,
Lewis SM, Tuddenham EGD, editors. Postgraduate Hematology 4th
ed. Vol. 6. Butterworth: Heinemann; 2000. p. 91-118.
Akhlaghpoor S, Hoseini M, Jafarisepehr A. Association of iron over-
load based quantitative T2* MRI technique and carotid intima-
media thickness in patients with beta-thalassemia: a cross-
sectional study. BMC Cardiovasc Disord. 2010;10:62.

Cheung Y, Chan G, Ha S. Arterial stiffness and endothelial function
in patients with beta-thalassemia major. Circulation. 2002;106
(20):2561-2566. Available from: https://pubmed.ncbi.nim.nih.gov/
12427652/

Ramakrishna G, Rooke T, Cooper L. Iron and peripheral arterial
disease: revisiting the iron hypothesis in a different light. Vasc
Med. 2003;8(3):203-210. Available from: https://pubmed.ncbi.nim.
nih.gov/14989563/

Shah S, Alam M. Role of iron in atherosclerosis. Am J Kidney Dis.
2003;41(Suppl 1):S80-3. Available from: https://pubmed.ncbi.nim.
nih.gov/12612959/

Abdelsamei H, El-Sherif A, Ismail A, et al. The role of the carotid
Doppler examination in the evaluation of atherosclerotic changes
in B-thalassemia patients. Mediterr J Hematol Infect Dis. 2015;7:
€2015023. Available from: https://pubmed.ncbi.nim.nih.gov/
25745550/

Tantawy A, Adly A, El Maaty M, et al. Subclinical atherosclerosis in
young {3 -thalassemia major patients. Hemoglobin. 2009;33
(6):463-474.

Oztirk O, Yaylim I, Aydin M, et al. Increased plasma levels of
interleukin-6 and interleukin-8 in beta-thalassaemia major. 2001.
Hematologia (Budap). 31(3), 237-244. Available from: https://
pubmed.ncbi.nlm.nih.gov/11855786/

Del Giudice M, Gangestad S. Rethinking IL-6, and CRP: why they are
more than inflammatory biomarkers, and why it matters. Brain
Behav Immun. 2018;70:61-75.

Kanavaki 1, Makrythanasis P, Lazaropoulou C, et al. Soluble
endothelial adhesion molecules and inflammation markers in
patients with beta-thalassemia intermedia. Blood Cells Mol Dis.
2009;43(3):230-234.

Aggeli C, Antoniades C, Cosma C, et al. Endothelial dysfunction and
inflammatory process in transfusion-dependent patients with
beta-thalassemia major. Int J Cardiol. 2005;105(1):80-84.
Vlachopoulos C, Xaplanteris P, Aboyans V, et al. The role of vascular
biomarkers for primary and secondary prevention. A position paper
from the European Society of Cardiology Working Group on

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

peripheral circulation endorsed by the Association for Research
into Arterial Structure and Physiology (ARTERY) Society.
Atherosclerosis. 2015;241(2):507-532. Available from: https://
pubmed.ncbi.nlm.nih.gov/26117398/

Kampus P, Kals J, Ristimde T, et al. High-sensitivity C-reactive
protein affects central hemodynamics and augmentation index in
apparently healthy persons. J Hypertens. 2004;22(6):1133-1139.
Kim J, Kang T, Kim J, et al. Significant association of C-reactive
protein with arterial stiffness in treated non-diabetic hypertensive
patients. Atherosclerosis. 2007;192(2):401-406.

Park S, Lakatta E. Role of inflammation in the pathogenesis of
arterial stiffness. Yonsei Med J. 2012;53(2):258-261. Available
from: https://pubmed.ncbi.nlm.nih.gov/22318811/

Nurizal A, Antono D, Wijaia |, et al. Correlation between
high-sensitivity C reactive protein and local arterial stiffness mea-
sured by radiofrequency echo tracking system in type 2 diabetic
patients. Acta Med Indones. 2014;46(4):308-313. https://pubmed.
ncbi.nlm.nih.gov/25633547/

Huang Y, Li J, Chen J, et al. The association of circulating miR-29b
and interleukin-6 with subclinical atherosclerosis. Cell Physiol
Biochem. 2017;44(4):1537-1544.

Ridker P, Rifai N, Stampfer M, et al. Plasma concentration of
interleukin-6 and the risk of future myocardial infarction
among apparently healthy men. Circulation. 2000;101
(15):1767-1772.

Volpato S, Guralnik J, Ferrucci L, et al. Cardiovascular disease,
interleukin-6, and risk of mortality in older women: the women'’s
health and aging study. Circulation. 2001;103(7):947-953.

Harris T, Ferrucci L, Tracy R, et al. Associations of elevated
interleukin-6 and C-reactive protein levels with mortality in the
elderly. Am J Med. 1999;106(5):506-512.

Carbone F, Mach F, Montecucco F. Update on the role of neutro-
phils in atherosclerotic plaque vulnerability. Curr Drug Targets.
2015;16(4):321-333. Available from: https://pubmed.ncbi.nim.nih.
gov/25382205/

Ozturk C, Balta S, Balta I, et al. Neutrophil-lymphocyte ratio and
carotid-intima media thickness in patients with Behcet disease
without  cardiovascular  involvement.  Angiology. 2015;66
(3):291-296.

Prats-Puig A, Gispert-Sauch M, Diaz-Roldan F, et al. Neutrophil-to-
lymphocyte ratio: an inflammation marker related to cardiovascular
risk in children. Thromb Hemost. 2015;114(4), 727-734. Available
from: https://pubmed.ncbi.nlm.nih.gov/26224329/

Hosokawa T, Kumon Y, Kobayashi T, et al. Neutrophil infiltration
and oxidant production in human atherosclerotic carotid plaques.
Histol Histopathol. 2011;26(1):1-11. Available from: https://
pubmed.ncbi.nlm.nih.gov/21117022/

Naruko T, Ueda M, Haze K, et al. Neutrophil infiltration of culprit
lesions in acute coronary syndromes. Circulation. 2002;106
(23):2894-2900.

Guasti L, Dentali F, Castiglioni L, et al. Neutrophils and clinical
outcomes in patients with acute coronary syndromes and/ or
cardiac revascularisation. A systematic review on more than
34,000 subjects. 2011. Thromb Hemost. 106(4), 591-599. Available
from: https://pubmed.ncbi.nlm.nih.gov/21866299/

Wood JC, Tyszka JM, Carson S, et al. Myocardial iron loading in
transfusion-dependent thalassemia and sickle cell disease. Blood.
2004;103:1934-1936. Available from: https://pubmed.ncbi.nlm.nih.
gov/14630822/

Tanner MA, Galanello R, Dessi C, et al. A randomized,
placebo-controlled, double-blind trial of the effect of combined
therapy with deferoxamine and deferiprone on myocardial iron in
thalassemia major using cardiovascular magnetic resonance.
Circulation. 2007;115:1876-1884. Available from: https://pubmed.
ncbi.nlm.nih.gov/17372174/


https://www.researchgate.net/publication/342836867_Parameters_of_tissue_iron_overload_and_cardiac_function_in_patients_with_thalassemia_major_and_intermedia
https://www.researchgate.net/publication/342836867_Parameters_of_tissue_iron_overload_and_cardiac_function_in_patients_with_thalassemia_major_and_intermedia
https://www.researchgate.net/publication/342836867_Parameters_of_tissue_iron_overload_and_cardiac_function_in_patients_with_thalassemia_major_and_intermedia
https://link.springer.com/article/10.1007/s12308-019-00363%2013x
https://pubmed.ncbi.nlm.nih.gov/12427652/
https://pubmed.ncbi.nlm.nih.gov/12427652/
https://pubmed.ncbi.nlm.nih.gov/14989563/
https://pubmed.ncbi.nlm.nih.gov/14989563/
https://pubmed.ncbi.nlm.nih.gov/12612959/
https://pubmed.ncbi.nlm.nih.gov/12612959/
https://pubmed.ncbi.nlm.nih.gov/25745550/
https://pubmed.ncbi.nlm.nih.gov/25745550/
https://pubmed.ncbi.nlm.nih.gov/11855786/
https://pubmed.ncbi.nlm.nih.gov/11855786/
https://pubmed.ncbi.nlm.nih.gov/26117398/
https://pubmed.ncbi.nlm.nih.gov/26117398/
https://pubmed.ncbi.nlm.nih.gov/22318811/
https://pubmed.ncbi.nlm.nih.gov/25633547/
https://pubmed.ncbi.nlm.nih.gov/25633547/
https://pubmed.ncbi.nlm.nih.gov/25382205/
https://pubmed.ncbi.nlm.nih.gov/25382205/
https://pubmed.ncbi.nlm.nih.gov/26224329/
https://pubmed.ncbi.nlm.nih.gov/21117022/
https://pubmed.ncbi.nlm.nih.gov/21117022/
https://pubmed.ncbi.nlm.nih.gov/21866299/
https://pubmed.ncbi.nlm.nih.gov/14630822/
https://pubmed.ncbi.nlm.nih.gov/14630822/
https://pubmed.ncbi.nlm.nih.gov/17372174/
https://pubmed.ncbi.nlm.nih.gov/17372174/

75.

76.

77.

78.

79.

Davis B, O'Sullivan C, Jarritt P, et al. Value of sequential monitoring
of left ventricular ejection fraction in the management of thalasse-
mia major. Blood. 2004;104:263-269. Available from: https://
pubmed.ncbi.nlm.nih.gov/15001468/

Wood J, Enriquez C, Ghugre N, et al. Physiology and pathophysiol-
ogy of iron cardiomyopathy in thalassemia. Ann N Y Acad Sci.
2005;1054:386-395. Available from: https://pubmed.ncbi.nlm.nih.
gov/16339687/

Olivieri N, Brittenham G. Iron-chelating therapy and the treatment
of thalassemia. Blood. 1997;89:739-761. Available from: https://
pubmed.ncbi.nim.nih.gov/9028304/

Olivieri N, Nathan D, MacMillan J, et al. Survival in medically treated
patients with homozygous beta-thalassemia. N Engl J Med.
1994,331:574-578. Available from: https://pubmed.ncbi.nlm.nih.
gov/8047081/

Moghaddam H, Badiei Z, Eftekhari K, et al. Prevalence of pulmonary
hypertension in patients with thalassemia intermedia in 2009: a
single center’s experience. Electron Physician. 2015;7:1102-1107.
Available from: https://pubmed.ncbi.nIm.nih.gov/26388975/

80.

81.

82.

83.

84.

EXPERT REVIEW OF HEMATOLOGY 9

Amoozgar H, Farhani N, Karimi M. Early echocardiographic findings
in B-thalassemia intermedia patients using standard and tissue
doppler methods. Pediatr Cardiol. 2011;32:154-159.

Gladwin M, Kato G. Hemolysis-associated endothelial dysfunction and
pulmonary hypertension. Adv Pulm Hypertens Spring. 6, 23-30.
(2007). Available from: https://meridian.allenpress.com/aph/article/6/
1/23/432022/Hemolysis-Associated-Endothelial-Dysfunction-and
Habib A, Kunzelmann C, Shamseddeen W, et al. Elevated levels
of circulating procoagulant microparticles in patients with
b-thalassemia intermedia. Hematologica. 2008;93:941-942.
Available from: https://pubmed.ncbi.nlm.nih.gov/18460647/

Karimi M, Khanlari M, Rachmilewitz E. Cerebrovascular accident in
beta-thalassemia major (beta-TM) and beta-thalassemia intermedia
(beta-TI). Am J Hematol. 2008;83:77-79.

Taher A, Musallam K, El-Beshlawy A, et al. Age-related complica-
tions in treatment-naive patients with thalassemia intermedia. Br J
Hematol. 150:486-489. (2010). Available from: https://pubmed.ncbi.
nlm.nih.gov/20456362/


https://pubmed.ncbi.nlm.nih.gov/15001468/
https://pubmed.ncbi.nlm.nih.gov/15001468/
https://pubmed.ncbi.nlm.nih.gov/16339687/
https://pubmed.ncbi.nlm.nih.gov/16339687/
https://pubmed.ncbi.nlm.nih.gov/9028304/
https://pubmed.ncbi.nlm.nih.gov/9028304/
https://pubmed.ncbi.nlm.nih.gov/8047081/
https://pubmed.ncbi.nlm.nih.gov/8047081/
https://pubmed.ncbi.nlm.nih.gov/26388975/
https://meridian.allenpress.com/aph/article/6/1/23/432022/Hemolysis-Associated-Endothelial-Dysfunction-and
https://meridian.allenpress.com/aph/article/6/1/23/432022/Hemolysis-Associated-Endothelial-Dysfunction-and
https://pubmed.ncbi.nlm.nih.gov/18460647/
https://pubmed.ncbi.nlm.nih.gov/20456362/
https://pubmed.ncbi.nlm.nih.gov/20456362/

	Abstract
	1.  Background
	2.  Patients and methods
	2.1.  Patients
	2.2.  Methods
	2.3.  Statistical analysis

	3.  Results
	3.1.  Demographic, laboratory, and CIMT data
	3.2.  Correlation data
	3.3.  Univariate and multivariate analysis
	3.4.  ROC analysis

	4.  Discussion
	5.  Conclusion
	Acknowledgments
	Author contributions
	Disclosure statement
	Reviewer disclosures
	Funding
	References



