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Abstract. Introduction: In patients with sickle cell disease (SCD), vaso occlusive crisis (VOCs) and iron in-
toxication due to repeated blood transfusion may cause damages in many organs, including the kidneys, lungs
and brain, and pancreas. Aim of our study: To evaluate the iron status, hepatic functions and fasting plasma
glucose (FPG) in non transfusion dependent (NTD-SCD) patients and transfusion dependent (TD-SCD)
patients yearly for 5 years. Cardiac status was evaluated using echocardiography. Resu/ts: 16 adults with N'T-
SCD and six with TD-SCD were studied. 6/16 NTD-SCD had serum ferritin (SF) > 500 ng/mL, and 5/16
patients had high LIC (> 36 pmol Fe/kg dry weight). 2/16 had impaired fasting glucose (IFG). The TD-
SCD patients were on top-up transfusion and oral iron chelation therapy (Exjade). All had high LIC, but
2/6 had SF <500 ng/mL. Liver enzymes were high in 2/6 patients. One had IFG. Five years after the initial
assessment, 3/16 NT-SCD developed diabetes mellitus (DM) and 2/16 IFG. In TD-SCD, 2/6 developed
DM and 1/6 had IFG. Echocardiography revealed abnormalities in 5/22 (22.7%). Conclusions: A significant
number of our patients with ND-SCD and TD-SCD develop dysglycemia, hepatopathy, and echocardio-
graphic abnormalities during the follow-up that need effective early detection and management. However,
the prevalence of DM in our SCD remains lower than in the general population in Qatar. TD-SCD patients
who developed DM were younger and had high LIC and SF compared to those who developed DM in the
NTD-SCD (www.actabiomedica.it).
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Introduction

Sickle cell disease (SCD) is an inherited autoso-
mal recessive disease genetic disease caused by a single
mutation in the -globin gene, leading to the produc-
tion of an abnormal hemoglobin called hemoglobin S
(HbS), which polymerizes under reduced oxygenation
conditions (such as stress, infection, dehydration, or
lower temperature), causing rigid sickle-shaped red

blood cells (RBCs) and hemolytic anemia. Sickled

RBC:s are very fragile and rigid, and patients conse-
quently become anemic and develop frequent and
recurrent vaso-occlusive crises (1). Furthermore, the
presence of impaired vasodilation, vasomotor hyper-
responsiveness, chronic inflammation and oxidative
stress participate to the development of vaso-occlusive
processes and chronic vasculopathy (2,3). Remarkable
variability of the clinical severity of SCD is widely ac-
knowledged, from those with very mild disease to indi-
viduals with severe complicated disease with multiple
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disabling symptoms leading to premature death.

Disease-modifying therapies such as hydroxyurea
(HU) and chronic blood transfusions can reduce the
rate of complications and may prolong survival, but
hematopoietic stem cell transplantation (HSCT) is
the only curative treatment available for patients with
SCD; however, its use is limited by lack of suitable hu-
man leukocyte antigen (HLA)-matched donors and
decreased application in older patients with significant
morbidity (4).

HU, a cytotoxic drug, provides clinical benefit
through the induction of fetal globin (HbF, a2y2)
which competes with sickle globin; thus, reducing
SCD symptoms, but response to HU is not uniform
among patients and concerns for long term use persist
(5-7). HU therapy is recommended for adults with
3 or more severe vaso-occlusive crises (VOC) during
any 12-month period, with SCD pain or chronic ane-
mia interfering with daily activities, or with severe or
recurrent episodes of acute chest syndrome (ACS) (8),
although it can contribute to subfertility in adult men
with SCD (9).

Multiple other drugs (L-glutamine, crizanlizum-
ab, and voxelotor) have recently been approved for the
treatment of SCD, with several others at various stages
of clinical testing (10,11). However, more studies are
required before definitive recommendations can be
made regarding their use for SCD-related complica-
tions (12).

Several key studies have proven the efficacy of
red blood cells (RBCs) transfusion therapy in the
prevention as well as treatment of acute and chronic
complications of SCD. Transfusion with RBCs can
be administered by a simple (top-up) or exchange
transfusion. Acute transfusion is more frequently used
to increase tissue oxygenation by correcting anaemia,
while exchange transfusion (automated or manual) is
used to prevent or reduce the complications of sickling
by reducing the HbS % content of the blood. Chronic
transfusions are predominantly used to treat patients
with severe complications of SCD when HU is inef-
fective (13-15). The age of starting RBCs transfusion,
the rate of RBCs transfusion, and the nature of the
transfusional regime affect the rate and extent of iron
overload (IOL) in SCD (16). In patients receiving epi-
sodic transfusion, IOL is usually not recognized and

often not treated while repeated simple blood transfu-
sions will inevitably lead to IOL, especially in adults
with SS. In this context, iron chelation therapy has
become a critical component of the transfusion pro-
gram to prevent complications of iron accumulation in
patients receiving multiple transfusions (17-19).

The objective of this study was to evaluate IOL,
assessed by ferritin level (SF), liver iron concentration
(LIC) and cardiac T2%, in two groups of SCD patients
depending on whether they were not or top-up fre-
quent transfusion requiring. As a secondary aim, we
evaluated to glucose homeostasis in relation to hepatic
and cardiac iron overload. A short update of diabetes
mellitus occurrence is also reported.

Patients and methods

Twenty-two patients homozygous for SCD (SS),
as documented by hemoglobin electrophoresis, attend-
ing to Department of Medical Oncology, Hematology
Section, National Centre for Cancer Care and Research
of Doha (Qatar) were included in the study. 16 SCD
patients (10 males and 6 females; mean age 33 + 14
years) were non transfusion dependent (NTD-SCD)
and 6 patients (4 males and 2 females; mean age 25 + 10
years) required chronic blood transfusions (TD-SCD).

The study was initiated after the approval of In-
stitutional Medical Ethics and review Committee of
Hamad Medical Centre of Doha (Qatar) (15281/15
— and MRC-01-22-155) Retrospective Evaluation of
Patients with Iron Overload by Ferriscan® T2* MRI).
As per the Declaration of Helsinki, confidentiality,
deidentification, and anonymity of personal data were
strictly maintained.

An extensive medical history, including transfu-
sion and chelation therapy, and a physical examination
was performed for each patient. Lab. investigations
included measurement of their serum concentrations
of iron, serum ferritin (SF), fasting plasma glucose
(FPG), HbA1c, alkaline phosphatase (ALP), alanine
transferase (ALT), aspartate transferase (AST) and al-
bumin concentrations. Anthropometric evaluation and
biochemical tests were assessed yearly for 5 years.

Height and weight were measured using a stand-
ard technique. BMI was calculated as weight in kil-
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ograms divided by the square of height in meters.
Height and weight were measured according to in-
ternational recommendations (20). An adult patient
was considered obese when BMI was 2 30 kg/m?,
overweight when BMI was 25 — 30 kg/m? (20). Those
with impaired fasting glucose [fasting plasma glucose
(FPG) between 100 to 125 mg/dL (5.6-6.9 mmol/L)],
according to ADA criteria, were tested by standard
oral glucose tolerance test (OGTT: 75 g glucose).
Patients with 2 h-PG values, after OGTT, between
140-199 mg/dL (7.8-11.0 mmol/L) were defined im-
paired glucose tolerance (IGT). Newly diagnosed dia-
betes mellitus (DM) was those with FPG > 126 mg/
dL or 2 h-PG 2 200 mg/dL (FPG: 27.0 mmol/L or
2h- PG: >11.1 mmol/L) (21). In addition, an HbA1lc
level below 5.7% is considered normal, between 5.7%
and 6.4% is considered prediabetes and > 6.5% on two
separate tests indicate type 2 diabetes (T2DM) (21).

Iron overload was assessed by direct and indirect
methods by SF and Magnetic Resonance Imaging
(MRI) T2* MRI of liver and heart. SF was measured
by immune enzymatic and chemiluminescence immu-
noassays. The manufacturer’s normal reference range
values were 30-350 ng/mL in males and 15-150 ng/
mL in females. A cut-off value of 300 ng/mL in males
and 200 ng/mL in females is usually consistent with
iron overload (22). Generally, a cut-off value of SF
concentration higher than 800 ng/mL indicate signifi-
cant IOL (22).

Liver iron concentration (LIC) by MRI was
measured using Ferriscan ® following the method of
St Pierre et al. (23). Normal LIC ranges from 0.2 mg
Fe/g dry weight (d.w.) (3.6 pmol Fe/kg d.w.) to 2 mg
Fe/g d.w. (36 pmol Fe/kg d.w.). The severity of LIC
was graded as follows: normal (LIC < 36 pmol Fe/kg
d.w.); mild (LIC > 37 and < 126 pmol Fe/kg d.w.),
moderate (LIC > 126 and < 252 pmol Fe/kg d.w.) and
severe overload (LIC > 252 pmol Fe/kg d.w.) (23,24).

All patients underwent an echocardiographic ex-
amination. Normal systolic function was defined as
ejection fraction >55%. Cardiac MRI T2* was evaluat-
ed in 8 patients (6 TD-SCD, and 2 NTD-SCD) using
a 1.5 T scanner (GE Signa/Excite HD, Milwaukee,
WI, USA). A cut-off value of cardiac T2* > 20 ms was
considered normal. The cut-off points in the cardiac
MRI instrument for iron load were as follows: Low

risk: 14-20 ms; Intermediate risk: 10-14 ms, and High
risk: < 10 ms (24,25).

Statistical analysis

The data collected were analyzed using excel sta-
tistical pack. Quantitative variables are presented as
mean and SD. Correlations of variables were evaluated
using the Pearson’s or Spearman’s correlation analysis.
Data were analyzed using the chi-square test or Stu-
dent’s t test, and the level of significance was set as P

value < 0.05.

Results
At baseline

The diagnosis of homozygous for SCD (SS) was
documented by hemoglobin electrophoresis and the
analysis for hemochromatosis genes C282Y and H63
D was negative in all patients.

Sixteen adult patients with NTD-SCD who re-
ceived no or occasional blood red blood cells (RBCs)
transfusions for at least 5 years were studied. Twenty
five percent of patients were females and all patient
genotypes consisted of HbSS. None of them was sple-
nectomised. Their Hb level varied between 7 to 10.5
g/dL. Hepatitis screening tests for HBV, HCV and
HIV were negative in all patients. Patients were tested
for gene for hemochromatosis genes C282Y and H63
D and both mutations were negative.

Six patients with TD-SCD were selected for com-
parison. They were on chronic RBCs transfusions since
the age of 5.5 + 3.5 years to keep their Hb > 10 g/dL
and iron chelation therapy (Deferoxamine: 20-40 mg/
keg/ body weight, given subcutaneously using a small
portable pump, days a week, starting from the age of 5
years). Deferoxamine was replaced by daily oral chela-
tion therapy (Deferasirox: 30 mg/Kg/ body weight (6
days a week) for the past 6 years. Their calculated total
iron received through RBCs transfusions ranged from
52.400 to 201.600 mg. A unit of RBCs, processed from
420 mL of donor blood, contains ~200 mg of iron (0.47
mg iron/mL of whole donor blood or 1.08 mg iron/mL
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of pure RBCs). Chronic blood transfusions were indi-
cated for severe symptomatic anemia in 2/6, and history
of stroke in 4/6 patients. None was spenectomized. All
were on HU treatment (20-30 mg/kg daily, from the
age of (10: 18 years). Their BMI ranged from 20.2 to
28.8 kg/m2 (mean:25.9 kg/m2). Hepatitis screening
for HBV, HCV and HIV were negative in all patients.
Four patients were cholecystectomized.

6/16 patients with NT-SCD had a SF level > 500
ng/mL, and 5 patients had a LIC concentration > 36
mmol /kg d.w. One patient had high LIC despite a
concomitant SF concentration < 500 ng/mL. 5 pa-
tients had elevated ALT and/or AST concentrations.
Two patients had impaired fasting glucose (IFG) but
none had IGT or diabetes (DM).

3/6 patients with TD-SCD had moderate and 1
had severe LIC.Two patients had a SF level <500 ng/
mL. Liver enzymes (ALT, AST) were high in two pa-
tients. One patient had IFG.

After 5 years of follow up:

Biochemical data and LIC in patients with SCD
at the beginning of the study and at last observation
(after 5 years of follow up) are presented in tables 1, 2
and 3. One patient developed hepatic cirrhosis with a
LIC level of 59 mmol/Kg d.w. and had normal FPG
level.

Table 1 compares the biochemical data and LIC
in TD-SCD at the beginning of the study (A) and af-
ter 5 years of follow-up (B). FPG increased signifi-
cantly and serum albumin concentration decreased
significantly after 5 years of follow-up. LIC increased,
but the difference was not statistically significant (P
=0.46).

Table 2 compares the biochemical data and LIC
in NTD-SCD at the beginning of the study (A) and
after 5 years of follow-up (B). FPG and LIC increased
significantly after 5 years of follow up. These patients
were not on treatment with iron chelating therapy.
Some of them had high SF values (range 112- 3.337,
mean = 772 + 1.200). Those with SF > 1.500 were of-
fered chelation therapy but were not compliant.

Table 3 compares the biochemical data and LIC in
patients with TD-SCD vs. NTD-SCD at the begin-
ning of the study (A) and after 5 years of follow-up (B).

Table 1. Biochemical data and liver iron content (LIC) in TD-SCD at the beginning of the study (A) and after 5 years of follow-up (B)

Albuming/L.  FPGmmol/L.  LIC mmol/kg d.w.

SFng/mL. ALTU/L AST U/L ALPU/L

3.310+3.078
SF ng/mL

Hb g/dL

8.56:0.85

Hb g/dL
8.9+0.9

Ageyr

(GY)

11.1£13.3

4.6+0.7
FPG mmol/LL.  LIC mmol/kg d.w.

44.8+1.3
Albumin g/L

165.8+106.0
ALP U/L

35.0+12.7

AST U/L

33.0£25.1

ALT U/L

TD-SCD Mean (SD) 24.8+10.2

Age yr

®B)

16.1+8.9

5.9+1.1

136.8+73.5 * 38.8+5.1

51.8+17.5*

2.767+2.925 55.4+31.6 *

TD-SCD Mean (SD) 30.6+9.9

0.46

0.047

0.75 0.20 0.08 0.59 0.019
aspartate aminotransferase (normal values: < 40 U/L);ALP= alkaline

alanine aminotransferase (normal values: < 40 U/L); AST

0.43

0.38

P value

= [iver iron concentration.

Sfasting plasma glucose; LIC

hemoglobin; SF= serum ferritin; ALT

Legend: Hb

phosphatase (normal values 40 to 129 U/L); FPG

Table 2. Biochemical data and liver iron content (LIC) in patients with NTD-SCD at the beginning of the study (A) and after 5 years of follow-up (B)

Albumin g/ FPG mmol/L LIC mmol/kg d.w.

SFng/ml.  ALT U/L AST U/L ALPU/L
772+1300

SF ng/mL
550+467

Hb g/dL

10.1£1.9

Ageyr

(GGY)

9+1.7

1.

4.7+0.7

43.6+4.3
Albumin g/I.  FPG mmol/L.  LIC mmol/kg d.w.

90.3+31.7
ALP U/L

37.5+18.6

AST U/L

23.8+14.7

ALT U/L

NTD-SCD Mean (SD) 33.0+14.3*

Hb ¢/dL

Age yr

®)

6.4+2.0 2.9+0.4

91.7+34.8 39.2+6.2
0.

30.5+12.6

31.4+33.1

9.5+1.2
0.36

NTD-SCD Mean (SD) 38.3+14.3*

P value

0.02

0.001

06

0.44 0.21 0.93

0.51
alanine aminotransferase (normal values: < 40 U/L); AST

0.32
serum ferritin; ALT
line phosphatase (normal values: 40 to 129 U/L); FPG

alka-

aspartate aminotransferase (normal values: < 40 U/L); ALP =

liver tron concentration.

fasting plasma glucose; LIC

hemoglobin; SF =

Legend: Hb
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Table 3. Biochemical data and liver iron content (LIC) in patients with NTD-SCD versus TD SCD at the beginning of the study (A) and after 5 years of follow-up (B)

Albumin g/l. FPG mmol/L. LIC mmol/kg d.w.

SF ng/mL ALT U/L AST U/L ALPU/L
772+1.300
3.310+3.078*

Hb g/dL

Age yr

(GY)

1.9+1.7
11.1+13.3*

FPG mmol/LL. LIC mmol/kg d.w.

4.7+0.7
4.6x0.7

23.8+14.7 37.5+18.6 90.3+31.7 43.6+4.3

33.0£25.1

10.1+1.9
ALT U/L

NTD-SCD Mean (SD) 33.0+14.3
TD-SCD Mean (SD)

35.0¢12.7 165.8 +106.0*  44.8+1.3
Albumin g/L

AST U/L

8.5:0.8
Hb o/dL
9.5+1.2
8.9:0.9

24.8+10.2

ALP U/L

SF ng/mL
550+467
2.767+2.925*

Age yr

®)

2.9+0.4
16.1+8.9*

6.4+2.0

30.5+12.6 91.7+34.8 39.26.2
136.8+73.5 5.
aspartate aminotransferase (normal values: < 40 U/L); ALP

51.8+17.5*

31.4+33.1

NTD-SCD Mean (SD) 38.3x14.3
TD-SCD Mean (SD)

Legend: Hb

9+1.1

38.8+5.1

55.4+31.6*

30.6+9.9

alanine aminotransferase (normal values: < 40 U/L); AST

alkaline phosphatase (normal values: 40 to 129 U/L); FBG

serum ferriting ALT

hemoglobin; SF =

liver iron concentration; * P <0.05 NTD-SCD vs. TD-SCD.

fasting plasma glucose; LIC

Glucose homeostasis in relation to LIC:

3/16 patients with NTD- SCD had an OGTT
compatible with the diagnosis of DM (at 46, 59 and 60
years of age). They were overweight and had positive
family history of T2DM. 2/16 had IFG. Those who
developed DM had had, a LIC level of 13, 22 and 75
mmol/kg d.w., respectively, five years before develop-
ing DM. Two patients who developed IFG had LIC of
27 and 39 mmol/kg d.w., respectively (Table 5).

InTD-SCD, 2 developed DM (at 18 and 25 years
of age) and 1 had IFG. Those who developed DM had
a LIC of 25 and 161 mmol/kg d.w. and a normal FPG
five years before the development of DM. The patient
with IFG had a LIC of 22 mmol/kg d.w. and a normal
FPG five years before the development of IFG.

The diagnosis of DM was made on the base of
fasting and 2-h PG after OGTT. All patients with
DM had family history of T2DM. They had polyu-
ria and polydipsia at presentation. None had ketosis.
Patients with DM (both NTD-SCD and TD-SCD)
were treated with oral hypoglycemic agents (metform-
in and/or gliclazide). Only 1 patient was on insulin
glargine (basal) and lispro (prandial). In TD-SCD,
diabetes occurred earlier compared to those with
NTD-SCD and was associated with higher serum fer-
ritin concentration (Table 4).

IFG was detected from 1 to 4 years (2.1 1.3
years) after baseline.

3/8 SCD patients with dysglycemia were over-
weight and all patients with DM had positive family
history of T2DM (Table 5). HbAlc was low < 4% in
3 patients who had abnormal fasting glucose (103, 103
and 153 mg/dL).

Anthropometric data (Table 5) revealed no statis-
tical difference in age, height, weight or BMI between
the two groups before and after 5 years of follow up.

Echocardiography and global cardiac T2

In 13/16 patients with NTD-SCD, the echo-
cardiography showed a normal global left ventricular
(LV) function and systolic ejection fraction (SEF%).
One patient had left ventricular hypertrophy (LVH)
and dilated left atrium (LAD), abnormalities of the
left ventricle, dilated left atrium and dyskinesis were
documented in 2/6 patients (Table 5). One TD-SCD
had left atrial dilatation, tricuspid incompetence and
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Table 4. Echocardiographic changes of patients with SCD and associated glucose abnormalities in relation to their BMI and iron load status (SF and LIC)

Echocardiographic changes

Glucose abnormality

SF (ng/mL)

LIC (mmol/kg d.w)

BMI (kg/m?)

Age (yr)

Type of hemoglobinopathy

Normal
LVH Normal systolic EF

DM
DM

IFG

650
800
655
400

13

72

27

22

39
161

22
23
25.8

60
46

1.NTD-SCD
2.NTD-SCD
3.NTD-SCD

Severe LAD
LAD, LV hypokinesia

40
59

28

DM

IFG

24
21
19.5

4.NTD-SCD

Normal
LAD, Tricuspid incompetence,

1.995
1.500

5.NTD-SCD

DM

18

6.TD-SCD

reduced systolic EF (49%)

Normal

IFG

2.600

33
25

serum ferritin; IFG

29
26.5

30

25
liver iron concentration; SI

left atrial dilatation.

7.TD-SCD
8. TD-SCD

Normal

diabetes mellitus; LVH

DM

Impaired glucose tolerance; DM

9.100
Impaired fating glucose; IGT*

body mass index; LIC =

Left ventricular hypertrophy; LAD

Legend: BMI

Table 5. Anthropometric data of SCD patients (NTD-SCD and TD-SCD) and body mass index (BMI) before and after 5 years of follow-up.

Age (yr) Height (cm) Weight (Kg) BMI (kg/ 'm?)

33.0+14.3
24.8 +10.2

Before

NTD-SCD Mean (SD)

22.7+3.5

57.1+12.8
69.1 + 7.4*
Weight (Kg)

160.3 = 8.6

248 +4.2
BMI (kg/m?)

163.0 £ 6.5
Height (cm)

TD-SCD Mean (SD)
After 5 yrs of follow-up

Age (yr)

38.3+144*

62.5 + 8.7 23.5+4.1

162 9

NTD-SCD Mean (SD)

166 + 7.8 74.5 + 8.8* 25.9 + 4.2

30.1+£9.2

TD-SCD Mean (SD)
*P: <0.05 NTD-SCD vs. TD-SCD.

reduced systolic EF (49%). All the
3 TND-SCD patients with cardiac
abnormalities had global cardiac T2*
> 20 ms (Table 4). All TD-SCD pa-
tients had a global cardiac T2* > 20
ms despite high LIC.

Correlations

After 5 years of follow up the
group of TD-SCD had significantly
higher LIC, SF, ALT, AST and ALP
compared to the NTD-SCD (Table
2). LIC was correlated significantly
with SF (r = 0.89, P: < 0.001) and
both SF and LIC were correlated
significantly with ALT level (r = 0.34
and 0.37 respectively, P= <0.01). FPG
was correlated significantly with the
age of patients (r = 0.68, P <0.01) but
did not correlate with SF, LIC and
BMI (Table 6).

Discussion

SCD is an important cause of
morbidity and mortality worldwide.
The complications of disease are nu-
merous, affect every organ and/or tis-
sue in the body and vary considerably
among patients over the time which
challenge its management. Although
blood transfusion is one of the most
effective ways to deal with specific
acute and chronic complications of
SCD, this approach is often associ-
ated with alloimmunization, iron
overload, hemolytic reactions, and
iron overload (26). Erythrapheresis is
currently the safest and the most ef-
ficient method, but it is costly, com-
plex, and cannot be implemented
everywhere, nor is it suitable for all
patients (26).

It is worth noting that iron
deposition in patients with SCD oc-
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curs predominantly in the liver and less so in the heart
and the endocrine organs (27-29). Iron deposition in
patients with SCD generally follows the traditional
pattern of transfusional iron overload; however, pa-
renchymal hepatocyte deposition also occurs early, and
chelation removes iron preferentially from the reticu-
loendothelium (30).

Classically, SF has been used to monitor patients
with iron overload and assess their response to chela-
tion therapy. SF has the advantage of being widely
available, but not always correlate with body iron stores
(31). Therefore, MRI has emerged as the standard of
care for effective detection and quantification of iron
in the heart and the liver (32).

Our study confirms an increased LIC (>36 mmol/
Kg d.w.) and high SF in a considerable number of pa-
tients with TD-SCD (4/6; 66.6%) and NTD-SCD
(5/16; 31.2%). Four NTD-SCD patients had a normal
LIC despite a high SF level (> 500 ng/mL). In sup-
port of our data, Drasar et al. (33), observed that even
sporadically transfused patients developed heavily iron
overloaded, on par with those on transfusion programs.

The higher serum ALT, ALP, SF concentrations
and increased LIC in TD-SCD compared to the
TND-SCD, and the significant correlation between
LIC, SF and ALT concentration in patients with SCD
supported the concept of harmful effect of iron over-
load on hepatocytes (34-36).

It has been believed that TD-SCD patients ap-
pear to have lower risk of myocardial iron overload
(MIO) than comparably transfused thalassemia major
(TM) patients. In our study, none of the five patients
who developed clinical and/or echocardiographic ab-
normalities had low global cardiac T2* values despite
variable LIC. In support to our findings, Wood et al.
(37), studied 17 patients with SCD and 19 patients
with TM, who were receiving long-term transfusions,
all SCD patients had normal cardiac T2* while 8/19
TM patients had high cardiac iron load.

Meloni et al. (38) reported five SCD patients who
developed MIO after more than 11 years, but all their
patients had poor compliance to chelation therapy
with very high SF level (4.600 ng/mL) and LIC (>
22 mg/g d.w.).

Our TD-SCD patients had significantly lower
SF and LIC compared to their patients. Moreover, in

Table 6. Correlations between biochemical data and fasting plasma glucose before (1) and after 5 years of follow-up (2) in 21 SCD patients
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- fasting plasma glucose.

= alkaline phosphatase; FBG=

aspartate aminotransferase; ALP

alanine aminotransferase AST

liver iron concentration; ALT

Legend: BM I= body mass index; LIC
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our patients with TD-SCD, cardiac manifestations
occurred late in life (> 40 years). In addition, cardiac
dysfunction occurred in 3 patients (2 with NTD-SCD
and one with TD-SCD) who had normal LIC.

In the study of Wood et al. (37), abnormal T2*
was observed only in TM patients who were receiving
transfusions for 13 years or longer and was correlated
with SF but not LIC. Cardiac dysfunction was present
in 3/8 patients with low T2,

Echocardiography abnormalities were identified
in our 5/22 (22.7%) patients with SCD; all had global
cardiac T2* > 20 ms. Bawor et al. (39) reviewed stud-
ied 123 cardiac MRI scans in 82 SCD patients. 68%
of patients were female and the mean age at time of
scan was 37 years. The average left ventricular ejec-
tion fraction was 57% (n=82). Cardiac abnormalities
were identified in 60% of patients. Coates et al. (40)
documented the occurrence of iron cardiomyopathy in
a patient with SCD who presented at the age of 24
years with congestive heart failure (CHF), a cardiac
T2* < 10 ms and an ejection fraction, assessed by MRI,
of 45%. After aggressive chelation therapy for 3

weeks with deferiprone, she became asymptomat-
ic. On the other hand, Alkindi et al. (41) confirmed
the cardiac sparing effect in 58 chronically transfused
patients with SCD (aged 35 + 9 yr), even with the sig-
nificant transfusion-related iron burden. Longitudinal
studies investigating progression of echocardiographic
abnormalities across the pediatric age spectrum in
SCD are lacking. A retrospective longitudinal analysis
of 829 echocardiograms from pediatric patients with
SCD at steady state was performed by Harrington et
al. (42). Cardiac abnormalities began early in child-
hood and progressively increased with age.

Iron overload is clearly an important factor re-
sponsible for the development of cardiac abnormalities
(as in our patients) but other factors, such as levels of
effective erythropoiesis, frequency of sickling episodes
(hypoxic insult) and diffuse myocardial fibrosis, can
contribute to cardiac risk (43-46). These observations
have implications for both the diagnosis and subse-
quent management of cardiac abnormalities in this
population of patients and support the need for further
investigations in these patients.

In our TD-SCD, on chronic blood transfusion
and iron chelation, LIC and SF did not change signifi-

cantly after 5 years of therapy. Compliance issue can
explain part of this finding. However, recently, Alkindi
et al. (41) evaluated a cohort of 44 SCD patient on
long-term blood transfusion and iron chelation ther-
apy. Similar to our results, after 5 years of follow up,
the mean SF changed marginally from a baseline value
of 4.311 to 4.230 ng/mL, LIC level dropped from 12
to 10.3 mg/gm d.w. and the mean value of cardiac
T2*MRI improved marginally from 36.8 to 39.5 ms.

Effective iron chelation therapy is an important
part of treatment in patients with SCD and iron over-
load. Previous studies have indicated that heavy iron
overload may be responsible for up to 11% of deaths
(47), particularly in the 25-34-year-old age range (48),
thus highlighting the importance of monitoring and
reducing body iron load in this patient group. There-
fore, compliance with the prescribed treatment regi-
men is important for treatment efficacy and long-term
reduction of body iron. Our results furtherly reinforce
the importance to monitor iron overload to address
adherence to chelation therapy and improve manage-
ment decisions.

Past studies have suggested a low (ranging from
3.5% to 7%) or zero prevalence of DM in patients
with SCD (49-58). In our series, 5/75 patients fol-
lowed with TD-SCD and NTD-SCD (6.6%) devel-
oped DM. However, DM occurred relatively early in
TD-SCD versus TND-SCD. This finding pointed
out to the negative effect of iron overload (oxidative
injury) in the early development of DM in these pa-
tients. However, it must be noted that the prevalence
of DM in the Qatari population is 12.6% in males and
13.2% in females, according to the World Health (59)
and therefore the prevalence in our SCD patients is
relatively lower than in the population. The cause of
infrequent occurrence of DM in SCD patients was
previously attributed to low BMI and lower patients’
life span (49,60). However, our diabetic SCD patients
were not underweight and all had family history of
T2DM. TD-SCD patients who developed DM were
younger and had high LIC and SF compared to those
who developed DM in the NTD-SCD.

FPG was correlated with the age of the patients
suggesting a progressive dysglycemia with age. In sup-
port of our findings, a multicenter study of Fung et
al. (61) reported that for every 10years of transfusion
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therapy, subjects with SCD have a 2.5 times greater
probability to develop diabetes (while patients with
thalassemia have a double risk).

Yavropoulou et al. (62) and Smiley et al. (63)
studied normoglycemic patients with SCD and dem-
onstrated an impaired B-cell function with reduced
insulin secretion even before OGTT was impaired.
Conversely, an Italian study found that 11.5% of chil-
dren and adolescents with SCD had insulin resistance
(IR), which occurred even in subjects with normal
BMI (64). The IR was attributed to malondialdehyde
(MDA, the membrane lipid peroxidation products)
and to carbonyl contents (the oxidative products of
proteins). In addition, both SF and oxidative products
(expressed as MDA and carbonyl levels) were signifi-
cantly correlated with blood glucose, insulin level, and
HOMA-IR (65).

Al Harbi et al. (66) suggested that patients with
SCD and those with sickle cell trait were protected
from development of diabetes as well its complications.
These observations were not confirmed in a recent
study of Zhou et al. (67). Compared to SCD patients
without T2DM, SCD patients with T2DM had more
frequently a diagnosis of nephropathy (28.0% vs. 9.5%;
P <0.001), neuropathy (17.7% vs. 5.2%; P <0.001), and
stroke (24.1% vs. 9.2%; P<0.001). The prevalence of
T2DM in SCD patients was similar to the general Af-
rican American population with an increasing trend in
recent years. These findings support the indication of
a routine screening for T2DM in aging patients with
SCD, and especially in those with comorbid hyperten-
sion and/or dyslipidemia (67) and an aggressive treat-
ment in the affected population.

Moreover, a comparative study was performed
on healthy individuals with T2DM or sickle cell trait
(SCT), and patients with both T2DM and SCT
(T2DM-SCT) comparing vascular function, hemor-
heological profile, and biomarkers of oxidative stress,
inflammation, and nitric oxide metabolism. Results
showed that oxidative stress, advanced glycation end
products, and inflammation (interleukin-1 B) were
greater in patients with T2DM-SCT compared with
the other groups. Blood viscosity was also higher in
T2DM-SCT patients compared to other groups. The
authors concluded that SCT with T2DM. should be
viewed as a risk factor for further cardiovascular dis-

orders (68). In support of this view, our patients with
SCD and dysglycemia had relatively high cardiac ab-
normalities (4/7) compared to SCD without dysglyce-
mia (1/67).

Recently, metformin was found to increase HbF,
which may have a beneficial effect in SCD patients.
Badawy et al. (69) studied 457 adult patients (age 33-
52 years) with SCD, and DM. 142 (31%) were treated
with metformin. The Authors found that metformin
might have protective effects with less frequent hospi-
tal treated clinical events. They also recommended fur-
ther prospective studies to evaluate metformin efficacy
and cost-effectiveness in relation to clinical outcomes,
quality of life, mortality, and health care utilization in
adults with SCD.

It must be mentioned that in our study the use of
HbA1lc, as a parameter of monitoring glycemia, ap-
peared to be misleading as we encountered many low
HbA1c values (< 4%) in patients with DM and high
fasting plasma glucose level. These findings are sup-
ported by previous studies in SCD patients (70-72).
Moreover, in two large, well-established cohorts, par-
ticipants with sickle cell trait (SCT) had lower levels of
HbA1cat any given concentration of fasting or 2-hour
plasma glucose compared with participants without
SCT (73,74). These findings suggest that HbAlc is an
unreliable screening test for hyperglycemia and DM
in SCD patients as well as those with sickle cell trait.

In conclusion, the choice of transfusion method,
i.e., simple (top up) or exchange, should be based on
clinical judgement of individual cases, considering
benefits and risks. While RBCs transfusion may im-
prove disease complications, IOL is a dreaded and in-
evitable consequence of ongoing transfusion therapy.
IOL may also develop in non-transfused SCD pa-
tients and is probably related to intravascular hemoly-
sis, which constitutes about a third of the hemolysis in
SCD (75). It has been proposed that chelation therapy
in SCD should start when patients have received 10-
20 transfusions, with a SF > 1.000 ng/mL, or LIC >
3 mg/g d.w. (18, 33,76). Our data also suggest that
in SCD monitoring for iron overload (SF and LIC)
in relation to hepatic function, echocardiography, and
glucose homeostasis, can improve early detection and
management of complications.
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