ABSTRACT

Cite this article as:
Akgiin Cagliyan G, Yaylal
GF, Soyer N, Hacioglu

S, Cagliyan O, Giiler N.
Relationship Between
Endocrinopathies and
Ferritin Levels in Adult
Turkish Patients with Beta
Thalassemia Major: A
Single-Center Experience.
Erciyes Med J

2021; 43(1): 37-42.

Erciyes Med ] 2021; 43(1): 37-42 + DOI: 10.14744/etd.2020.33427
ORIGINAL ARTICLE — OPEN ACCESS

@ (DS | This work s licensed under a Creative Commons Attribution-NonCommercial 40 International License.
BY NC

Relationship Between Endocrinopathies and
Ferritin Levels in Adult Turkish Patients with Beta
Thalassemia Major: A Single-Center Experience

Gilsum Akgun Cagliyan' ©, Guzin Fidan Yaylali? @, Nur Soyer® @, Sibel Hacioglu' &, Omer Cagliyan @,
Nil Guler' ©

Objective: Despite regular transfusions and iron-chelation therapies, endocrine complications still remain an important
cause of morbidity in patients with beta thalassemia major (BTM). We aimed to evaluate the relationship between endocrine
complications and serum ferritin levels in adult patients with BTM.

Materials and Methods: The endocrine test results of adult patients with BTM were retrospectively reviewed. Normality test-
ing was performed using the Shapiro-Wilk test. For the analysis, we used an independent samples t-test when parametric test
assumptions were met; otherwise we used Mann-Whitney U test. A p value of <0.05 was considered statistically significant.
Results: A total of 66 adult patients with BTM. (female: 56.1%, male: 43.9%, mean age: 25.8+6.6 years) were evaluated.
The mean ferritin level was 1504.9+861 ng/ml (range 304-5464 ng/ml). Of the patients, 60.6% had endocrinopathy. The
rates of hypogonadism was 51.5%, hypothyroidism was 16.7% (subclinical hypothyroidism: 13.6%, central hypothyroidism:
3.03%), hypoparathyroidism was 10.6%, diabetes mellitus was 7.6%, vitamin D insufficiency was 40.9%, vitamin D deficien-
cy was 33.3%, low bone mass was 56.1%, and that of low IGF-1 was 57.6%. We found a significant relationship between
ferritin levels and the presence of hypogonadism, low bone mass, and low IGF-1 levels (p<0.001). Patients used higher doses
of deferasirox due to iron overload (p<0.001). Patients needed higher deferasirox doses to decrease ferritin levels.
Conclusion: Among adult patients with BTM, endocrinopathies were prevalent in patients with elevated ferritin levels.
Patients with BTM should undergo regular testing for endocrine disorders, and ferritin levels must be kept under control.
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INTRODUCTION

Beta thalassemia major (BTM) is a congenital hemoglobinopathy. Mutations in the beta-globin chains result in
chronic hemolytic anemia and the need for regular blood transfusions, which constitutes a significant health prob-
lem. The leading treatment approaches include regular and sufficient erythrocyte transfusions and iron-chelation
therapy (1, 2).

The complications that can be observed in thalassemia occur in relation to the disease itself or to the administered
therapies. The most common complications affecting the patients’ life span are related to the transfusions (iron
overload). Complications, such as endocrine disorders (hypogonadism, diabetes mellitus, hypothyroidism, growth
retardation, osteoporosis), heart disease, chronic liver disease, thrombophilia and infections, etc., can also be
observed (3, 4). In patients with BTM, morbidity and mortality rates considerably decreased due to an effective
iron-chelation therapy. Complications are inevitable in patients who receive regular transfusions, but undergo in-
sufficient chelation therapy. Improvements in the treatment options for patients with thalassemia have increased
life spans. However, endocrinopathies are still the most significant complications that could affect the patients’
quality of life (5-7). The present study thus evaluates endocrine complications in adult Turkish patients with BTM.

MATERIALS and METHODS

We conducted a retrospective registry study. A total of 66 adult patients with BTM were followed-up in Denizli
State Hospital. The age, gender, height, weight, transfusion interval, hemoglobin, platelet count and biochemical
test results, insulin-like growth factor-1 (IGF-1), calcium, phosphorous, albumin, vitamin D, parathyroid hormone
(PTH), thyroid stimulating hormone (TSH), free triiodothyronine (T3), free thyroxine (T4), follicle stimulating
hormone (FSH), luteinizing hormone (LH), estradiol, testosterone, and ferritin levels of the patients were retrieved
from the archived records. A fasting blood glucose >126 mg/dL and a postprandial blood glucose level >200
mg/dL were defined as diabetes mellitus (DM). IGF-1 levels were evaluated according to age- and gender-specific
reference ranges.
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Table 1a. Demographic data and laboratory findings of 66 patients with thalassemia major

Mean/Median Male Male
Mean (n=29) Median (n=29)
Age 25.2+6.8 22
Height (cm) 161.0+4.3 160
Weight (kg) 50.1+4.4 50
BMI (kg/m?) 19.2+1.2 19
Transfusion interval (day) 21.4+0.7 21
Hemoglobin (g/dL) 9.2+0.6 9.2
Ferritin (ng/mL) 1597+996 1467

BMI: Body mass index

We regularly evaluated all the patients at every visit, during which
transfusion and chelator therapies were planned. We evaluated
ferritin levels every 3 months. Furthermore, endocrine tests were
routinely conducted every 6 months. Additionally, we consulted
the results to the department of endocrinology. The blood samples
of the patients were collected in the morning, whereas blood sam-
ples of female patients were obtained during the menstrual period
to evaluate FSH, LH, etc. Biochemical analyses were performed
using the Abbott Architect 2000 Autoanalyzer.

We defined subclinical hypothyroidism as a TSH level >4 mlU/L
with normal {T4 levels. Bone mineral density (BMD) was deter-
mined from an X-ray absorptiometry (DXA) of the lumbar verte-
brae and hip. Since the patients were young, we used z scores to
determine the bone mass. Z scores were determined as SDs from
an age- and sex-matched population. Z score =—2 was considered
normal, whereas a Z score<—2 indicated a low bone mass. We
defined vitamin D deficiency as serum 25(OH)D in concentrations
<20 ng/mL, and a vitamin D insufficiency as a serum 25(OH)D
concentration of between 20 and 30 ng/mL.

Patients with hypocalcemia, hyperphosphatemia, and decreased or
inappropriately normal PTH levels were considered to have prima-
ry hypoparathyroidism. We evaluated the mean of serum ferritin
levels within the last 24 months. Serum ferritin level ranged from
normal to 300 ng/mL. We defined iron overload as an increase in
the ferritin level, exceeding 1000 ng/mL in patients. A diagnosis
of hypogonadism was established based on the basal FSH, LH, es-
tradiol, and testosterone levels, together with the clinical findings of
the patients (delayed sexual development, short stature, decreased
libido, inability to have a child, menstrual disturbances, etc.).

The data was analyzed using SPSS Statistics version 25 software.
The results were presented as mean+SD and median (min—max
values). For normality testing, we used the Shapiro-Wilk test.
When parametric test assumptions were met, we used the inde-
pendent samples t-test; otherwise we used the Mann-Whitney U
test. A p value of <0.05 was considered statistically significant.
No procedures were performed and no interventions were made
during this study due to the retrospective study design.

We obtained an informed consent from all patients. The ethics

Female Female Normal range
Mean (n=37) Median (n=37)
26.3+6.4 26
153+5.4 152
45.8+6.8 43
19.4+1.8 19 20-25
21.5+0.8 21
9.3+0.4 9.4 Male: 13-16.5
Female: 12-16
1432+774 1202 Male: 30-300

Female: 15-150

Committee of the Pamukkale University Faculty of Medicine ap-
proved the study. Number of decision was 60116787-020/77268,
dated November 20, 2017.

The study included 66 patients with BTM, including 29 males
(43.9%) and 37 females (56.1%). The mean age was 25.8+6.6
years (range 18-43 years). The mean transfusion interval was
21.5+0.8 days (range 20-24 days). The mean serum ferritin lev-
el was 1504.9+861 ng/mL (range 304-5464 ng/ml). Of the to-
tal, 40 patients (60.6%) had undergone splenectomy. The mean
height was 165.3+3.8 (158-174) cm in males and 153.7+5.0
(145-170) cm in females. We found a short stature in 40 patients
(60.6%). The demographic data and laboratory findings are shown
in Table 1a and 1b.

The mean age of onset of the iron-chelation therapy was 6.6+5.23
(2-19) years and median age was 5 years. Patients with BTM did
not use an iron chelator therapy regularly in the past. They did
not receive this therapy because of the difficulty in accessing the
drug. According to our records, they received therapy regularly
for the last 10 years. Fifty-five patients (83.3%) had used defera-
sirox, six patients (9.09%) had used deferasirox and desferrioxam-
ine, three patients (4.54%) had used deferiprone, and two patients
(3.03%) had used deferiprone and desferrioxamine as part of their
iron chelator therapy (Table 2). The mean deferasirox dose was
1463.1+497.5 mg (range 500-2250 mg).

At least one endocrinopathy was detected in 40 patients (60.6%).
The rates of hypogonadism was 51.5%, hypothyroidism was
16.7% (subclinical hypothyroidism: 13.6%, central hypothyroid-
ism: 3.03%), hypoparathyroidism was 10.6%, DM was 7.6%, vita-
min D insufficiency was 40.9%, vitamin D deficiency was 33.3%,
low bone mass was 56.1%, and low IGF-1 was 57.6%. The rela-
tionship between endocrine complications and ferritin level is pre-
sented in Table 3a.

We found a significant relationship between serum ferritin (Table
3a) levels and the presence of endocrine complications (p<0.001).
We detected different deferasirox doses in patients with or without
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Table 1b. Other laboratory tests

Mean=SD
FSH (mlU/mL) 4.2+2.8
LH (mlU/mL) 3.3+x2.9
TSH (mIU/L) 2.48+1.25
Estradiol (pg/mL female) 41.5+34.1
Testesterone (ng/mL male) 2.6x£2.3
PTH (ng/L) 46.2+22.9
Calcium (mg/dL) 9.1+0.4
Phosphor (mg/dL) 4.0+0.5
Vitamin D (ug/L) 24+8.9
IGF-1 (ng/mL) 101.2+43.1

FSH: Follicle stimulating hormone; LH: Luteinizing hormone; TSH: Thyroid stimulating hormone; PTH: Parathyroid hormone; IGF-1: Insulin-like growth factor-1; SD:

Standard deviation; min.: Minimum; max.: Maximum

Table 2. Use of chelator therapy

Chelator n %

Deferasirox 55 83.3
Desferrioxamine and deferasirox 9.09
Deferiprone 4.54
Desferrioxamine and deferiprone 2 3.03

endocrinopathies (p<0.001). There is an indirect relationship be-
tween endocrinopathies and iron chelator therapies (deferasirox,
deferiprone, etc.) Among the patients with BTM, serum ferritin lev-
els were higher in those with endocrinopathies than in those with-
out endocrinopathies. Patients needed higher deferasirox doses to
decrease ferritin levels (Table 3b). Even though we used maximum
doses of deferasirox, 42 of 66 patients’ ferritin levels were above
1000 ng/mL. Patients with endocrinopathies had higher ferritin
levels and they used higher doses of deferasirox.

We defined hypogonadism by evaluating FSH, LH, estradiol, and
testosterone levels. Of the 66 patients with BTM, 34 (51.5%) were
found to have hypogonadism: 16 (47%) males and 18 (52.9%)
females. In addition, 28/34 (82.3%) of the patients had a delayed
sexual development. Moreover, 12 of 18 (66.6%) female patients

Normal range

Folicular phase: 4-10 (female),
1-19 (male)
Folicular phase: 2-10 (female),
1-9 (male)
0.4-4
Folicular phase: 27-122 (female)
1-7.8
15-65
8.5-10.2
2.5-4.4
>30
>115
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Median /(min.-max.)

3.25(0-11.2)

2.97 (0-17.1)

2.21 (0.58-7)
31.8(0.1-127)
1.02 (0-6.8)
45.2 (7.2-141)
9.2 (7.9-10.2)
4.1(2.5-5.3)
19.5 (3.5-39)
87.65 (13.8-211)

Table 3a. The relationship of serum ferritin and endocrinopaties

Endocrinopaties

Hypogonadism (n=34)+

Hypogonadism (n=32) -

Hypothyroidism (n=11)+

Hypothyroidism (n=55)-
Hypoparathyroidism (n=7)+
Hypoparathyroidism (n=59)-

Diabetes mellitus (n=5)+

Diabetes mellitus (n=61)-

Vitamin D insufficiency/deficiency (n=49)+
Vitamin D insufficiency/deficiency (n=17)-
Low bone mass (n=37)+

Normal bone mass (n=29)-

Low IGF-1 levels (n=38)+

Normal IGF-1 Levels (n=28)

Ferritin (ng/mL) P
Mean+SD

2058.02+835.68
<0.001
917.34+345.06
1647.09+700.27
1476.54+892.52
1467.85+464.09
1507.14+910.85
1894.40+552.00
1473.04+877.00
1546.09+942.07
1401.05+£626.87
1963.70+867.20
<0.001
919.68+348.12
1958.00+844.20
<0.001
890.14+356.65

=0.306

=0.636

=0.136

=0.745

SD: Standard deviation; IGF-1: Insulin-like growth factor-1

Table 3b. Relationship between deferasirox dose and the presence of endocrinopathies

Endocrinopathy (+/-) (n=36/n=35)
Hypogonadism (+/-) (n=32/n=29)

Deferasirox dose (mg)

Mean+=SD (+) Mean=SD (-)
1715.2+401.5 1100+388.6
1812.5+£290.9 1077.5£378.5
1812.5+£282.6 960+235.8

Bone mineral density (low/normal) (n=36,/n=25)

IGF-1 (low/normal) (n=37/n=24)

SD: Standard deviation; IGF-1: Insulin-like growth factor-1

1709.4+388.7

1083.3+401.5

<0.001
<0.001
<0.001
<0.001
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had primary amenorrhea, and 6 (33.3%) of 18 patients had other
menstrual disturbances. Furthermore, 25/34 (73.5%) of the pa-
tients had a short stature, and 29/34 (85.2%) of them had de-
creased libido. No patients with hypogonadism had a child. In pa-
tients with hypogonadism, the mean estradiol level was 13.0+£8.7
pa/mL and the mean testosterone level was 0.5+0.3 ng/mL. We
found a significant relationship between ferritin levels and the pres-
ence of hypogonadism (p<0.001).

Of the total, nine patients (13.6%) had subclinical hypothyroid-
ism and two (3.03%) had central hypothyroidism, making a total
of 11 patients with hypothyroidism (16.7%). In addition, five pa-
tients (7.6%) had DM and seven (10.6%) had hypoparathyroid-
ism. No significant relationship was found between ferritin levels
and hypothyroidism, DM, or hypoparathyroidism (p>0.05). Also,
no significant relationship was found between ferritin levels and
TSH and T4 levels (p>0.05). Of the total, 27 patients (40.9%)
had a vitamin D deficiency and 22 patients (33.3%) had a vitamin
D insufficiency. However, we did not find a relationship between
25(0OH)D levels and ferritin levels (p>0.05). The mean calcium and
phosphorus levels were 9.1+0.4 mg/dL and 4.0+0.5 mg/dL, re-
spectively. The mean 25(0OH)D and PTH levels were 24+8.9 ug/L
and 46.2+22.9 ng/L, respectively.

BMD was normal in 29 patients (43.9%) and low in 37 patients
(56.1%). The mean Z score was —1.18+1.68 (range —3.3+0.9).
Ferritin levels were higher in patients with a lower bone mass.
We detected a considerable difference in ferritin levels between the
patients with normal BMD and those with low BMD (p<0.001).
We detected higher ferritin levels in patients with a lower bone
mass. We found relationships between low bone mass and vitamin
D deficiency/insufficiency (p=0.047), hypothyroidism (p=0.011)
and hypogonadism (p=0.001). We did not identify a relationship
between low bone mass and hypoparathyroidisim (p=0.061).

We found IGF-1 levels to be below the lower limit of normal in 38
patients (57.6%). The mean level of IGF-1 was 101.2+43.1 ng/
mL. A significant relationship was found between ferritin levels
and IGF-1 levels (p<0.001). Higher ferritin levels were detected
in patients with low IGF-1 levels than in patients with normal
IGF-1 levels.

Our study is a retrospective study. The study included the first au-
thor’s patients in the mandatory service period in Denizli State
Hospital. The absence of T2 magnetic resonance is the limitation
of our study. In addition, we evaluated the BMD only by using
DXA. We did not evaluate impaired glucose tolerance.

Endocrine complications still constitute a significant cause of mor-
bidity in patients with BTM (8). Even though the patients in the
present study received regular transfusions with a mean transfusion
interval of 21.5+0.8 days, and iron chelating therapies over the
last 10 years, endocrinopathies was detected. We discovered a sig-
nificant relationship between serum ferritin levels and the presence
of endocrinopathies.

Vitamin D deficiency/insufficiency was noted in 74.2% cases in
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our study. In previos studies, the rate of vitamin D deficiency/in-
sufficiency in patients with BTM was reported to be in the range of
37%-78.2% (1, 9-13). The findings of the present study are con-
sistent with those of previous studies. In the general population,
vitamin D deficiency is common because of the life style (14). The
rate of vitamin D deficiency/insufficiency in patients with BTM was
similar to that of the general population. Patients with BTM must
receive vitamin D replacement on a regular basis.

In this study, hypogonadism was detected in a total of 34 patients
(51.5%), while the rate of hypogonadism among patients with
BTM in previous studies was in the range of 46.8%-76%. Our
findings are similar to those reported in previous studies (2, 15,
16). High ferritin levels in patients with BTM is an important risk
factor for hypogonadism (17-19). We identified a significant rela-
tionship between ferritin levels and the presence of hypogonadism
(p<0.001). Patients should be evaluated in terms of hypogonad-
ism if they have high ferritin levels. Therefore, gonadal tests (FSH,
LH, estradiol, testosterone) and ferritin levels must absolutely be
followed-up in all patients. Patients with hypogonadism should be
consulted at endocrine clinic for hormone replacement therapy.

The rates of subclinical hypothyroidism and central hypothyroid-
ism were 13.6% and 3.03%, respectively in the present study, with
an overall hypothyroidism rate of 16.7%. No patient had overt
hypothyroidism. Our findings are similar to those reported in pre-
vious studies. Dhouib et al. (20) in their study reported the rate of
hypothyroidism to be 18%. In the study by Haghpanah et al. (21),
the rate of hypothyroidism was identified as 22.9%. Of their pa-
tients, 19.9% had subclinical hypothyroidism and 1% had central
hypothyroidism. One must keep in mind the possibility of central
hypothyroidism, although it is a rare complication in patients with
BTM. The rate of hypoparathyroidism in the present study was
reported as 10.6%. Similar to our findings, the reported rate of hy-
poparathyroidism in previous studies ranges from 8.5% to 11.1%
(17, 22). Thyroid and parathyroid evaluation should be regularly
performed in all patients. Central hypothyroidism is a rare state,
which should be kept in mind.

The rate of DM was 7.6% in the present study, whereas the rate
of DM in previous studies ranged between 7% and 16.1% (2, 23,
24). These reports are similar to our findings. No significant rela-
tionship was found between ferritin levels and hypothyroidism, DM
or hypoparathyroidism. This may be linked to the small number of
patients and the prevalence of complications. Nevertheless, DM is
a serious complication causing morbidity in BTM patients. For this
reason, a close watch is necessary.

We detected low bone mass in 56.1% of the patients. The rate of
low bone mass (Z score<—2) in previous studies was reported to be
in the range of 50.7%-61.1% (25, 26). The findings of the present
study are similar to those of previous studies. We found a signifi-
cant difference in terms of serum ferritin levels between patients
with normal BMD and patients with low bone mass (p<0.001).
Toxic effects of iron in osteoblasts could cause a decrease in the
bone mass, thus careful evaluation of ferritin levels is required. Low
bone mass is an important reason for morbidity in patients with
BTM (19), but the etiology of low bone mass are multifactorial
(hypogonadism, ineffective erythropoietic activity, hypothyroidism,
physical activity, zinc deficiency, vitamin D deficiency etc.) in pa-
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tients with BTM (27). In this study, we discovered the relationships
between low bone mass and vitamin D deficiency/insufficiency,
hypothyroidism and hypogonadism. BMD should be followed at
regular intervals with DXA. If low bone mass is detected, it should
be treated not only for low bone mass, but also for the etiology of
low bone mass.

We found low IGF-1 levels in 57.6% of the patients. Previous
studies have reported 50%-67% of patients with low IGF-1 levels,
similar to the findings of the present study (28, 29). Iron overload,
chronic anemia, chronic liver disease, nutrition, hypothyroidism,
and hypogonadism are all factors that contribute to growth hor-
mone deficiency in patients with BTM (19, 27, 28). That being
said, the presence of a significant relationship between ferritin lev-
els and IGF-1 levels of the patients is a remarkable finding. Records
of ferritin levels should be kept regularly. However, IGF-1 levels
were affected by many factors, therefore, testing IGF-1 levels alone
is not sufficient to evaluate the growth hormone status in adult
patients with BTM.

We found that there is an indirect relationship between endocr-
inopathy and iron chelator therapies (deferasirox, deferiprone,
etc.). Among the BTM patients, serum ferritin levels were higher
in those with endocrinopathies than those without endocrinop-
athies. Higher doses of deferasirox were needed by patients to
decrease ferritin levels. Even though we used maximum doses of
deferasirox, 42 of 66 patients levels of ferritin were above 1000
ng/ml. Therefore, we found increased endocrinopaties. Patients
with endocrinopaties had higher ferritin levels and they used higher
doses of deferasirox. Endocrinopaties could occur in spite of using
maximum doses. Patients with endocrinopaties could need higher
doses of deferasirox to decrease higher ferritin levels.

To conclude, endocrine complications remains a matter of con-
cern, despite the use of iron chelator therapies in adult patients
with BTM. The present study showed that patients with BTM and
elevated ferritin levels are at a greater risk of endocrinopathies.
Patients with BTM should undergo regular and close follow-up for
endocrine complications. Hormone replacement therapies must
be managed in collaboration with endocrinologists. Ferritin levels
must be controlled with iron chelator therapies.

We thank the biostatistics specialist, Hande Senol
for helping to evaluate the statistical section and tables.

The Pamukkale University Non-Interven-
tional Clinical Research Ethics Committee granted approval for this study
(date: 20.11.2017, number: 60116787-020/77268).

Wiritten informed consent was obtained from patients
who participated in this study.

Externally peer-reviewed.

Concept — GAC; Design — GAC, GFY; Supervi-
sion — NS, GAC; Resource — GAC; Materials — GAC; Data Collection and/
or Processing — GAC; Analysis and/or Interpretation — GAC, OC; Litera-
ture Search — NS, GAC; Writing — GAC; Critical Reviews — GAC, SH, NG.

The authors have no conflict of interest to declare.

The authors declared that this study has received
no financial support.

10.

11.

12.

13.

14.

15.

16.

Akgun Cagliyan et al. Endocrinopathies and Ferritin in Thalassemia

Bordbar M, Bozorgi H, Saki F, Haghpanah S, Karimi M, Bazrafshan A,
et al. Prevalence of endocrine disorders and their associated factors in
transfusion-dependent thalassemia patients: a historical cohort study in
Southern Iran. J Endocrinol Invest 2019; 42(12):1467-76. [CrossRef]
Yaghobi M, Miri-Moghaddam E, Majid N, Bazi A, Navidian A, Kalkali
A. Complications of Transfusion-Dependent p-Thalassemia Patients in
Sistan and Baluchistan, South-East of Iran. Int J Hematol Oncol Stem
Cell Res 2017, 11(4): 268-72.

He LN, Chen W, Yang Y, Xie YJ, Xiong ZY, Chen DY, et al. Ele-
vated Prevalence of Abnormal Glucose Metabolism and Other Endo-
crine Disorders in Patients with B-Thalassemia Major: A Meta-Analysis.
Biomed Res Int 2019; 2019: 6573497. [CrossRef]

Chirico V, Rigoli L, Lacquaniti A, Salpietro V, Piraino B, Amorini M, et
al. Endocrinopathies, metabolic disorders, and iron overload in major
and intermedia thalassemia: serum ferritin as diagnostic and predictive
marker associated with liver and cardiac T2* MRI assessment. Eur J
Haematol 2015; 94(5): 404-12. [CrossRef]

De Sanctis V, Roos M, Gasser T, Fortini M, Raiola G, Galati MC;
[talian Working Group on Endocrine Complications in Non-Endocrine
Diseases. Impact of long-term iron chelation therapy on growth and
endocrine functions in thalassaemia. J Pediatr Endocrinol Metab 2006;
19(4): 471-80.

Varma N, Sharma P. Controversies in Pediatric and Adolescent Hema-
tology. Indian J Med Res 2015; 141(6): 848-9. [CrossRef]

Soliman AT, Yassin MA, De Sanctis V. Final adult height and endo-
crine complications in young adults with B-thalassemia major (TM) who
received oral iron chelation (OIC) in comparison with those who did not
use OIC. Acta Biomed 2018; 89(2-S): 27-32.

Di Maggio R, Maggio A. The new era of chelation treatments: effec-
tiveness and safety of 10 different regimens for controlling iron over-
loading in thalassaemia major. Br J Haematol 2017; 178(5): 676-88.
Dejkhamron P, Wejaphikul K, Mahatumarat T, Silvilairat S, Charoenk-
wan P, Saekho S, et al. Vitamin D deficiency and its relationship with
cardiac iron and function in patients with transfusion-dependent thal-
assemia at Chiang Mai University Hospital. Pediatr Hematol Oncol
2018; 35(1): 52-9. [CrossRef]

Nasir C, Rosdiana N, Lubis AD. Correlation between 25-Hydroxyvita-
min D and Lipid Profile among Children with Beta Thalassemia Major.
Open Access Maced J Med Sci 2018; 6(10): 1790-4. [CrossRef]
Fahim FM, Saad K, Askar EA, Eldin EN, Thabet AF. Growth Parame-
ters and Vitamin D status in Children with Thalassemia Major in Upper
Egypt. Int J Hematol Oncol Stem Cell Res 2013; 7(4): 10-4.

De Sanctis V, Soliman AT, Canatan D, Elsedfy H, Karimi M, Daar S, et
al. An ICET- A survey on Hypoparathyroidism in Patients with Thalas-
saemia Major and Intermedia: A preliminary report. Acta Biomed
2018; 88(4): 435-44.

Wood JC, Claster S, Carson S, Menteer JD, Hofstra T, Khanna R, et
al. Vitamin D deficiency, cardiac iron and cardiac function in thalassae-
mia major. Br J Haematol 2008; 141(6): 891-4. [CrossRef]

Solak [, Cihan FG, Mercan S, Kethuda T, Eryilmaz MA. Evaluation of
25-Hydroxyvitamin D Levels in Central Anatolia, Turkey. Biomed Res
Int 2018; 2018: 4076548. [CrossRef]

Albu A, Barbu CG, Antonie L, Vladareanu F, Fica S. Risk factors asso-
ciated with hypogonadism in B-thalassemia major patients: predictors
for a frequent complication of a rare disease. Postgrad Med 2014;
126(5): 121-7. [CrossRef]

Deller S, Mistry R, Burbridge W, Pancham S, Wright C, P De. Endo-
crine complications of thalassemia and its treatment: a local experi-
ence. Endocrine Abstracts 2014; 34: P61. [CrossRef]


https://doi.org/10.1007/s40618-019-01072-z
https://doi.org/10.1155/2019/6573497
https://doi.org/10.1111/ejh.12444
https://doi.org/10.4103/0971-5916.160741
https://doi.org/10.1111/bjh.14712
https://doi.org/10.1080/08880018.2018.1424280
https://doi.org/10.3889/oamjms.2018.388
https://doi.org/10.1111/j.1365-2141.2008.07135.x
https://doi.org/10.1155/2018/4076548
https://doi.org/10.3810/pgm.2014.09.2806
https://doi.org/10.1530/endoabs.34.P61

42

17.

18.

19.

20.

21.

22.

23.

Akgln Cagliyan et al. Endocrinopathies and Ferritin in Thalassemia

Habeb AM, Al-Hawsawi ZM, Morsy MM, Al-Harbi AM, Osilan AS,
Al-Magamsi MS, et al. Endocrinopathies in beta-thalassemia major.
Prevalence, risk factors, and age at diagnosis in Northwest Saudi Ara-
bia. Saudi Med J 2013; 34(1): 67-73.

De Sanctis V, Soliman AT, Daar S, Di Maio S, Yassin MA, Canatan D, et
al. The experience of a tertiary unit on the clinical phenotype and man-
agement of hypogonadism in female adolescents and young adults with
transfusion dependent thalassemia. Acta Biomed 2019; 90(1): 158-67.
De Sanctis V, Soliman AT, Canatan D, Tzoulis P, Daar S, Di Maio S, et
al An ICET-A survey on occult and emerging endocrine complications
in patients with B-thalassemia major: Conclusions and recommenda-
tions. Acta Biomed 2019; 89(4): 481-9.

Dhouib NG, Ben Khaled M, Ouederni M, Besbes H, Kouki R, Mellouli
F, et al. Growth and Endocrine Function in Tunisian Thalassemia Major
Patients. Mediterr J Hematol Infect Dis 2018; 10(1): e2018031.
Haghpanah S, Jelodari S, Karamifar H, Saki F, Rahimi R, De Sanctis
V, et al. The frequency of hypothyroidism and its relationship with
HCV positivity in patients with thalassemia major in southern Iran.
Acta Biomed 2018; 89(1): 55-60.

Borgna-Pignatti C, Cappellini MD, De Stefano P, Del Vecchio GC,
Forni GL, Gamberini MR, et al. Survival and complications in thalas-
semia. Ann N Y Acad Sci 2005; 1054: 40-7. [CrossRef]

Liang LY, Lao WQ, Meng Z, Zhang LN, Hou LL, Ou H, et al. [Analysis
of the influence of iron overload in glucose metabolism in thalassemia

24.

25.

26.

27.

28.

29.

Erciyes Med ) 2021; 43(1): 37-42

major patients]. Zhonghua Er Ke Za Zhi 2017; 55(6): 419-22.
Olivatto GM, Teixeira CRS, Sisdelli MG, Zanetti ML, Silveira RCCP,
Gongalves CV. Characterization of thalassemia major and diabetes
mellitus patients at a reference center in Brazil. Hematol Transfus Cell
Ther 2019; 41(2): 139-44. [CrossRef]

Vogiatzi MG, Autio KA, Schneider R, Giardina PJ. Low bone mass in
prepubertal children with thalassemia major: insights into the patho-
genesis of low bone mass in thalassemia. J Pediatr Endocrinol Metab
2004; 17(10): 1415-21. [CrossRef]

Shamshirsaz AA, Bekheirnia MR, Kamgar M, Pakbaz Z, Tabatabaie
SM, Bouzari N, et al. Bone mineral density in Iranian adolescents and
young adults with beta-thalassemia major. Pediatr Hematol Oncol
2007; 24(7): 469-79. [CrossRef]

Fung EB. The importance of nutrition for health in patients with trans-
fusion-dependent thalassemia.Annals of the New York Academy of
Sciences 2016; 1368(1): 40-8. [CrossRef]

De Sanctis V, Soliman AT, Candini G, Yassin M, Raiola G, Galati MC,
et al. Insulin-like Growth Factor-1 (IGF-1): Demographic, Clinical and
Laboratory Data in 120 Consecutive Adult Patients with Thalassaemia
Major. Mediterr J Hematol Infect Dis 2014; 6(1): e2014074. [CrossRef]
Soliman A, De Sanctis V, Yassin M, Abdelrahman MO. Growth hor-
mone - insulin-like growth factor-I axis and bone mineral density in
adults with thalassemia major. Indian J Endocrinol Metab 2014; 18(1):
32-8. [CrossRef]


https://doi.org/10.1196/annals.1345.006
https://doi.org/10.1016/j.htct.2018.08.005
https://doi.org/10.1515/JPEM.2004.17.10.1415
https://doi.org/10.1080/08880010701533702
https://doi.org/10.1111/nyas.13003
https://doi.org/10.4084/mjhid.2014.074
https://doi.org/10.4103/2230-8210.126525

