
nature publishing group

Effect of iron overload on impaired fertility in male patients
with transfusion-dependent beta-thalassemia
Mei-Jou Chen1, Steven Shinn-Forng Peng2, Meng-Yao Lu3, Yung-Li Yang4, Shiann-Tarng Jou3, Hsiu-Hao Chang3,
Shee-Uan Chen1, Dong-Tsamn Lin4 and Kai-Hsin Lin3

BACKGROUND: To investigate the fertility of male patients
with transfusion-dependent beta-thalassemia, and to use
magnetic resonance imaging (MRI) as a novel method to
assess the iron overload status of testis in such patients.
METHODS: Twenty-one male patients with transfusion-
dependent beta-thalassemia and five normal male controls
enrolled in this study. Hormonal profiles, iron levels, MRI
testicular dimension, MRI T2 values, parameters for sperm
quality, and sperm DNA fragmentation (SDF) of participants
were measured.
RESULTS: The MRI T2 values of the testis were significantly
lower in transfusion-dependent beta-thalassemia patients
than in normal controls (P= 0.027), and they correlated to
serum ferritin levels in all enrolled subjects (R2 = 0.258,
P= 0.008). There were significantly lower sperm concentra-
tions (P= 0.037), a lower percentage of sperm with normal
morphology (P= 0.001), and a higher percentage of SDF
(P= 0.009) in transfusion-dependent beta-thalassemia patients
without hypogonadotropic hypogonadism and with sponta-
neous spermatogenesis compared with normal controls. The
percentage of SDF was significantly correlated with serum
ferritin levels in transfusion-dependent beta-thalassemia
male patients with spontaneous spermatogenesis (R2 = 0.48,
P= 0.009).
CONCLUSION: Our study is the first demonstration of iron
deposition in the testis of patients with transfusion-dependent
beta-thalassemia based on imaging, and such findings might
explain the high prevalence of impaired fertility in above
patients with normal pituitary function.

Beta-thalassemia is a disorder of hereditary chronic anemia
derived from a defect in beta-globin chain production (1).

Transfusion-dependent beta-thalassemia, also known as beta-
thalassemia major, most often results from homozygosity or

compound heterozygosity of a mutant beta-thalassemia allele.
Most patients with transfusion-dependent beta-thalassemia
require regular red blood cell transfusions, which starts within
the first year of life (2,3). Repeated red blood cell transfusions
lead to iron deposition in various organs and tissues,
primarily including the liver, heart, and endocrine glands,
thus causing tissue damage and organ dysfunction (1).
Although the combination of transfusion and iron-chelating
therapy has markedly extended the life expectancy of these
patients, iron overload after repeated red blood cell transfu-
sions causes long-term morbidity and mortality.
A lack of sexual maturation and loss of gonadal function

occur frequently in these patients, which may reflect the high
prevalence of hypogonadotropic hypogonadism (4,5) and the
predilection for iron deposition in the pituitary gland and
hypothalamus (6). Controversy still exists with respect to the
causes of gonadal dysfunction due to primary iron deposits in
the gonads or secondary to a hypogonadotropic state in
patients with beta-thalassemia major (7–9). Whereas preg-
nancy has been reported in women with transfusion-
dependent beta-thalassemia (10), paternity is less common
in men with transfusion-dependent beta-thalassemia and has
been addressed infrequently (11). Transfusions and advances
in iron-chelating therapy have significantly improved the
long-term survival and quality of life for patients with
transfusion-dependent beta-thalassemia (12,13); therefore, the
preservation of reproductive function and evaluation of male
patients with transfusion-dependent beta-thalassemia have
become an important issue (14,15).
The role of iron in the formation of reactive oxygen species

(ROS), including free radicals (16,17) in biologic systems that
result in human diseases, is well known (18). The harmful
effects of ROS on the sperm membrane, structural compo-
nents, and nucleus have also been reported (19). Previous
studies have demonstrated oligoasthenospermia (20,21) and
sperm DNA damage (17,22) in male patients with
transfusion-dependent beta-thalassemia, and reported a decline

1Department of Obstetrics and Gynecology and Livia Shangyu Wan Scholar, National Taiwan University Hospital, National Taiwan University, College of Medicine, Taipei,
Taiwan; 2Department of Medical Imaging, National Taiwan University Hospital, National Taiwan University, College of Medicine, Taipei, Taiwan; 3Department of Pediatrics,
National Taiwan University Hospital, National Taiwan University, College of Medicine, Taipei, Taiwan; 4Department of Laboratory Medicine, National Taiwan University Hospital,
National Taiwan University, College of Medicine, Taipei, Taiwan. Correspondence: Hsiu-Hao Chang (changhh2001@ntu.edu.tw)
The first two authors contributed equally to this work
H.-H.C. and M.-J.C. designed the study, recruited patients, analyzed and interpreted data, and drafted the manuscript. S.S.-F.P. collected and analyzed MRI data and drafted the
manuscript. All the authors participated in the interpretation of data and manuscript drafting, editing, and critical discussion.

Received 12 July 2017; accepted 29 October 2017; advance online publication 13 December 2017. doi:10.1038/pr.2017.296

Copyright © 2018 International Pediatric Research Foundation, Inc. Volume 83 | Number 3 | March 2018 Pediatric RESEARCH 655

Clinical Investigation | Articles

mailto:changhh2001@ntu.edu.tw
http://dx.doi.org/10.1038/pr.2017.296


in testicular function in such patients; however, whether or not
gonadal dysfunction in transfusion-dependent beta-thalassemia
due to direct iron overload on the testis has not been
determined.
The conventional tool to evaluate the iron overload status is

to measure the serum ferritin level in patients with
transfusion-dependent beta-thalassemia; however, the serum
ferritin level cannot reflect the iron status in specific organs.
Magnetic resonance imaging (MRI) is now widely used in the
assessment of organ-specific iron overload, and helps to
improve patient compliance with iron chelation therapy (23),
but has not yet been used to evaluate the iron burden in male
gonads. In this study, we determined the fertility of male
patients with transfusion-dependent beta-thalassemia in
terms of semen quality and integrity of sperm DNA, and
used MRI as a novel method to assess the iron content status
of testis in such patients.

METHODS
Study Design and Population
Male patients with transfusion-dependent beta-thalassemia, 420
years of age, were enrolled non-selectively in the study. All patients
received blood transfusions at regular intervals (every 4–5 weeks) to
maintain a hemoglobin level of at least 9.5 gm/dl before each
transfusion. Desferoxamine, deferiprone, or deferasirox were used as
iron-chelating therapy depending on the serum ferritin level and
patient tolerance. No participants were on steroid treatment or
medications known to cause hyperprolactinemia or other known
endocrinopathies. Patients with a history of genital surgery,
epididymo-orchitis, varicocele, drug abuse, tobacco use, venereal
disease, or concomitant medical problems known to be associated
with decreased fertility were excluded from this study. Controls
consisted of healthy, age-matched male volunteers without a history
of problems with puberty or fertility. This study was approved by the
Institutional Review Board of the National Taiwan University
Hospital. Every participant provided written informed consent.

Patient Assessment
The clinical data, including blood transfusion, average serum ferritin
levels for the previous 12 months, most recent cardiac T2* value
within previous 12 months, and iron overload-related morbidities
(hepatitis C virus infection, diabetes, and hypogonadotrophic
hypogonadism) of patients with transfusion-dependent beta-thalas-
semia at the time of blood sampling, were obtained by reviewing the
medical records. We defined the clinical diagnosis of diabetes
mellitus as a fasting plasma glucose ≧ 126 mg/dl. Hypogonadotropic
hypogonadism was defined as luteinizing hormone (LH) and follicle-
stimulating hormone (FSH) levels o2 IU/l, a testosterone concen-
tration o3 ng/ml, no spontaneous spermatogenesis, and an
abnormal LH response to the LH-releasing hormone test.
Blood samples were obtained from all participants for laboratory

investigations, which included serum levels of LH, FSH, testosterone,
prolactin, estradiol, inhibin B, and ferritin. Semen samples were also
obtained from all participants. Each participant collected one semen
sample into a sterile container after at least 48 h of abstinence from
ejaculation. Most samples were provided on site or were delivered to
the laboratory within 60 min of collection. Semen samples were then
analyzed in accordance with the World Health Organization (WHO)
guidelines (24,25). Integrity of sperm DNA was assessed by the
sperm chromatin dispersion test using the Halosperm kit (INDAS
Laboratories, Madrid, Spain) to analyze sperm DNA fragmentation
(SDF) (26). Briefly, intact spermatozoa were immersed in an agarose
matrix on a slide that was pretreated with an acid solution to
denature DNA in those sperm cells with fragmented DNA. Then, the

slide was treated with lysis buffer to remove nuclear membranes and
proteins. Removal of nuclear proteins resulted in nucleoids with a
central core and a peripheral halo of dispersed DNA loops. In the
absence of massive DNA breakage, it produced nucleoids with large
halos of spreading DNA loops, emerging from a central core.
However, the nucleoids from spermatozoa with fragmented DNA
either do not show a dispersion halo or the halo is minimal. A
minimum of 500 spermatozoa per sample was scored for percentage
of SDF under the × 100 objective of the microscope (27). The timing
of blood and semen sample collection was before red blood cell
transfusion for patients with transfusion-dependent beta-
thalassemia.
The MRI T2 values of the testis were assessed with a 1.5-Tesla MRI

scanner (GE Signa HDx, 1.5 T MRI; GE Healthcare, Milwaukee, WI)
using breath-hold, multiecho, multiplanar spin-echo (MEMPSE)
pulse sequence (28) in all participants. Details of the MRI parameters
have been previously described (28). Axial MEMPSE images were
acquired using the following parameters after instructing the
patients to hold their breath: time to repeat (TR)= 300 ms; time to
echo (TE)= 3, 5, 8, 12, 18, and 30 ms; slice thickness/spacing
between slices= 10 mm/5 mm; bandwidth= 62.5 Hz; field of
view= 48 cm; matrix= 64 × 64, slice number= 8; and scan
time= 16 s × 7. A 1,000 ml bag of normal saline solution was imaged
with each patient to provide an external long T2 reference for
correcting instrumental gain drift and signal intensity variations
caused by bandwidth changes, as previously described (28). T2
measurements were recorded of the slice containing the mid-portion
of both testes. An experienced radiologist (experience of T2
measurement for 48 years) who was blinded to the results of
patient gonadal function and ferritin levels performed the T2
measurement by using the region of interest method. The region of
interest was defined by drawing an area within the central portion
while avoiding the vascular structures, as shown in Figure 1. A single
exponential curve-fitting method was used, as expressed in
Equation (1):

S ¼ S0e
�TE=T2 (1)

where S represents the observed signal intensity, S0 is the signal
intensity at TE= 0, T2 is the transverse relaxation time, and TE
represents the echo times. The T2 value of each participant was
calculated by the average of T2 measurements for three slices near
the mid-portion of both testes. The testicular size (dimension) was
measured and defined as the longest diameter of the testis by MRI.

Figure 1. MEMPSE T2 map performed in the axial plane of a 32-year-
old male with transfusion-dependent beta-thalassemia. Region of
interest is drawn at the central portion of the mid-testis. MEMPSE,
multiecho, multiplanar spin-echo.
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Statistical Analysis
The numeric variables are presented as the untransformed median
and range. The categorical variables are presented as the number
with the percentage in parentheses. The Shapiro–Wilk W test was
used to identify whether or not all of the variables are normally
distributed. Log transformation was performed on variables with a
significant deviation from a normal distribution before further
analysis. Non-parametric testing was applied for comparisons of age
between the patient and control groups. Student’s t-test or one-way
ANOVA was applied for comparisons of parameters after log
transformation between the patient and control groups. The
Spearman’s rank correlation and univariate linear regression analyses
were performed to assess the relationship between biochemical
parameters, MRI T2 values, and seminologic parameters after log
transformation to correct the heterogeneity of variance. A statistically
significant difference was defined as a Po0.05.

RESULTS
Clinical Characteristics
There were 21 male patients with transfusion-dependent beta-
thalassemia and five normal healthy male controls enrolled in
this study. Among 21 patients, 7 had hypogonadotropic
hypogonadism and were under regular testosterone replace-
ment (Table 1). Therefore, the prevalence of hypogonadotropic
hypogonadism was 33.3% (7/21) among our patients. The age
distributions were not different between patients and normal
controls. The clinical characteristics of all enrolled subjects are
listed in Table 1.

Endocrine, Gonadal, and Iron Profiles
The hormonal profiles, serum ferritin levels, MRI testicular
dimension, and T2 values of our study subjects were validated
to be not normally distributed by Shapiro–Wilk W test.
Therefore, we compared above parameters between patients
and normal control subjects by Student’s t-test after log
transformation. The LH, testosterone, prolactin, and serum
ferritin levels were significantly higher in transfusion-
dependent beta-thalassemia male patients without hypogona-
dotropic hypogonadism than normal controls (Table 2). The
FSH, estradiol, inhibin B levels, and the MRI testicular
dimension revealed no significant difference between
transfusion-dependent beta-thalassemia male patients with-
out hypogonadotropic hypogonadism and normal controls
(Table 2). The mean serum ferritin levels of all our 21
transfusion-dependent beta-thalassemia patients (2116.7 ng/
ml, range 541–12,932 ng/ml) were significantly higher
(Po0.01) than those of normal controls (239 ng/ml, range
170–304 ng/ml). In addition, the MRI T2 values of the testis
were significantly lower in transfusion-dependent beta-
thalassemia patients than in normal controls (Figure 2a).
Furthermore, the MRI T2 values of the testis were

significantly, but modestly, correlated with the serum
ferritin levels in all enrolled subjects (R2= 0.258, P= 0.008,
Figure 2b). Among our 21 patients with transfusion-
dependent beta-thalassemia, the MRI T2 values of the testis
were not correlated with cardiac T2* values (R2= 0.007,
P= 0.726, Figure 2c).

Sperm Quality Assessment
Among the 14 transfusion-dependent beta-thalassemia male
patients without hypogonadotropic hypogonadism, 13
patients were noted to have spontaneous spermatogenesis
and 1 patient had azoospermia. According to the WHO
reference values for normal human semen characteristics (29),
three (23.1%) patients had low sperm concentration
(o15 × 106/ml), five (38.5%) patients had low percentage of
total motile sperm (o40%), six (46.2%) patients had low
percentage of sperm with rapid motility (o32%), and two
(15.4%) patients had low percentage of sperm with morpho-
logically normal forms (o4%) among the 13 transfusion-
dependent beta-thalassemia patients without hypogonadotro-
pic hypogonadism and with spontaneous spermatogenesis.
The above parameters for sperm quality were all in normal
range for our control subjects. In addition, the parameters for
sperm quality, including percentage of SDF, of our study
subjects were validated to be not normally distributed by
Shapiro–Wilk W test. We then compared these parameters of

Table 1. Clinical characteristics of male patients with transfusion-dependent thalassemia and normal control subjects

Patients (n= 21) Control (n= 5) P value

Age in years (median, range) 24.6 (20.8–37.3) 31.4 (20.1–34.8) 0.229

Hypogonadotrophic hypogonadism 7 0

Hepatitis C 2 0

Diabetes 5 0

Table 2. Endocrine, gonadal, and iron profiles for transfusion-
dependent beta-thalassemia patients without hypogonadotropic
hypogonadism and normal control subjects

Mean (range) P value

TDbT without HH
(n= 14)

Normal controls
(n= 5)

LH (mIU/ml) 5.8 (3.9–9.5) 3.1 (2–4.9) 0.001

FSH (mIU/ml) 7.1 (3.5–14.9) 3.9 (2–6.1) 0.78

Testosterone
(ng/ml)

4.6 (1.8–7.3) 2.9 (1.8–4.6) 0.032

Prolactin (ng/
ml)

10.5 (5.1–17.2) 5.4 (4.5–7.7) 0.002

Estradiol (pg/
ml)

29.5 (22–42.9) 28.2 (0–48.7) 0.21

Inhibin B (pg/
ml)

512.6 (172–758) 505.8 (392–676) 0.908

Testis size (cm) 3.3 (2.4–4) 3.2 (2.7–3.6) 0.544

Serum ferritin
(ng/ml)

1601.4 (704–3,794) 239 (170–304) o0.001

FSH, follicle-stimulating hormone; HH, hypogonadotropic hypogonadism; LH, lutei-
nizing hormone; TDbT, transfusion-dependent beta-thalassemia.
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the 13 transfusion-dependent beta-thalassemia patients with-
out hypogonadotropic hypogonadism and with spontaneous
spermatogenesis to normal control subjects by Student’s t-test
after log transformation (Figure 3). There were significantly

lower sperm concentrations, a lower percentage of sperm with
normal morphology, and a higher percentage of SDF in
transfusion-dependent beta-thalassemia patients without
hypogonadotropic hypogonadism and with spontaneous
spermatogenesis than in normal controls (Figure 3). There
were no significant differences in the percentage of total
motile sperm and the rapid motility of sperm between study
and control subjects. For the MRI T2 values of testis, they
were significantly lower in transfusion-dependent beta-
thalassemia patients with spontaneous spermatogenesis than
in normal controls (Figure 3).
The FSH levels were negatively correlated with the sperm

concentration in transfusion-dependent beta-thalassemia
patients without hypogonadotropic hypogonadism and
with spontaneous spermatogenesis (R2= 0.778, Po0.01,
Figure 4a). The percentage of SDF was significantly
correlated with serum ferritin levels in these patients
(R2= 0.48, P= 0.009, Figure 4b).

DISCUSSION
Men with hypogonadotropic hypogonadism are unable to
have spontaneous spermatogenesis and androgen production.
Because pituitary function is vulnerable to iron deposition in
iron overload syndrome, transfusion-dependent beta-thalas-
semia males have a high prevalence of hypogonadotropic
hypogonadism due to dysfunction of the pituitary gland (30).
In the current study, we found that the sperm concentration
and proportion of sperms with normal morphology were
significantly lower, but the SDF rate was significantly higher
in transfusion-dependent beta-thalassemia male patients
without hypogonadotropic hypogonadism than in normal
healthy men. In addition, iron loading, as represented by
elevated circulating ferritin levels, was significantly and
positively correlated with the SDF proportion in
transfusion-dependent beta-thalassemia males without hypo-
gonadotropic hypogonadism. The above findings confirm that
even though pituitary function might be spared from elevated
iron loading after chronic blood transfusion in transfusion-
dependent beta-thalassemia patients undergoing iron-
chelating therapy and medical care, the gonadal function in
males might be sensitive to and adversely affected by chronic
iron loading.
Iron exhibits ferromagnetic characteristics, relaxes water

hydrogen, and has been proposed to act like a magnetic
resonance (MR) contrast agent. Therefore, iron could be
detectable in vivo using MR T2 or R2 quantification (31).
Using the MR T2 or R2 technique is considered the current
gold standard method for detection and quantification of iron
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deposition in myocardium, liver, and brain tissue in patients
with iron overload, and has been validated by histologic
evaluation (32–34). The MRI T2 and R2 techniques have also
been applied to determine the severity of the iron burden
causing liver and cardiac injury, and to evaluate the efficacy of
iron chelator treatment in patients with thalassemia major
(23,35). A small series of seven male patients with
transfusion-dependent thalassemia that compared the MRI
R2 value of the anterior pituitary gland to sperm quality
reported a relatively higher MRI R2 value of the anterior
pituitary gland in male patients with concurrent high ferritin
and low FSH/LH levels in three patients with azoospermia

(14). The MRI T2 technique has not yet been applied to
investigate the association between iron loading and gonadal
function. Our study is the first study to apply the MRI T2
technique in investigating the iron deposition of the testis.
The T2 transverse relaxation time and the inverse rate (R2

(= 1/T2)) are both conventional quantifiable MRI measures
to be utilized as a surrogate to assess iron deposition. Serum
ferritin has been found to have poor correlation with the MRI
findings of the heart and liver in patients with iron overload
disorders (36). In this study, we found a significant, although
modest, correlation between ferritin levels and the MRI T2
values of the testis in all study subjects. This finding may be

150.00

80.00

25.00

20.00

15.00

10.00

5.00

0

80.00

60.00

%
 o

f r
ap

id
 m

ot
ili

ty
Te

st
is

 T
2 

(m
s)

40.00

20.00

0

120.00

*100.00

80.00

60.00

40.00

20.00

0

60.00

40.00

20.00

0

100.00

S
pe

rm
 c

on
ce

nt
ra

tio
n 

(m
ill

io
n/

m
l)

%
 o

f t
ot

al
 m

ot
ili

ty

50.00

0

Control TDbT with spermatosis

Control TDbT with spermatosis Control TDbT with spermatosis Control TDbT with spermatosis

Control TDbT with spermatosis Control TDbT with spermatosis

60.00

50.00

40.00

%
 o

f n
or

m
al

 fo
rm

s

S
D

F
 (

%
)

30.00

20.00

10.00

P= 0.001

P= 0.009

P= 0.046

P= 0.161 P= 0.164P= 0.037

0

Figure 3. Semen parameters, sperm DNA fragmentation (SDF), and MRI T2 value of testis in transfusion-dependent beta-thalassemia (TDbT) patients
with spontaneous spermatogenesis (n=13) and in normal control subjects (n=5). MRI, magnetic resonance imaging.

2.50
a b

1.25

R 2=0.778, P< 0.01 R 2=0.48, P=0.009

1.00

0.75

0.50

0.25

2.80 3.00 3.20 3.40

Log (serum ferritin)

2.00

Lo
g 

(s
pe

rm
 c

on
ce

nt
ra

tio
n)

Lo
g 

(p
er

ce
nt

ag
e 

of
 S

D
F

)

1.50

1.00

0.50

0.00
0.50 0.60 0.70 0.80 0.90

Log (FSH)

1.00 1.10 1.20

Figure 4. Distributions of endocrine, sperm quality and iron profiles in transfusion-dependent beta-thalassemia male patients without
hypogonadotropic hypogonadism and with spontaneous spermatogenesis (n= 13). (a) Correlation between the sperm concentration and serum
follicle-stimulating hormone (FSH) value in above patients. (b) Correlation between the percentage of sperm DNA fragmentation (SDF) and serum
ferritin level in above patients.

Testicular iron overload in thalassemia | Articles

Copyright © 2018 International Pediatric Research Foundation, Inc. Volume 83 | Number 3 | March 2018 Pediatric RESEARCH 659



because of different human tissues have different iron uptake/
clearance kinetics, which have been found in other studies
(36,37). In addition, like previous studies that reported a
higher MRI R2 value in the vulnerable organs (heart, liver,
and pituitary gland) in patients with thalassemia major
(14,23,35), the MRI T2 value of the testis revealed a
significantly lower level in transfusion-dependent beta-
thalassemia males compared with that in control subjects in
this study. These findings suggest the MRI T2 technique is a
novel and capable tool to detect and evaluate iron overload
status in male gonads for patients with transfusion-dependent
beta-thalassemia.
Transfusion-related iron overload in relationship to the

decreased reproductive capacities has been reported both in
males and females with transfusion-dependent beta-thalasse-
mia (14,21,22,38,39). Some studies (21,38,39) have reported
an inverse relationship between gonadal function and iron
loading represented by the surrogate-circulating reproductive
hormone and iron profiles as testosterone, estradiol, anti-
Mullerian hormone, and ferritin levels. Previous studies have
reported that nearly one-half of males with transfusion-
dependent beta-thalassemia have oligospermia/azoospermia
and abnormal sperm quality that is primarily due to
concurrent hypogonadotropic hypogonadism (14,21,22) from
iron overload. Previous studies have also reported an
increased sperm DNA damage ratio, an increased proportion
of abnormal sperm morphology, a lower sperm concentration,
and lower motility in males with transfusion-dependent beta-
thalassemia than age-similar control subjects. Such impair-
ment of testicular function may be attributed to the damage of
iron on the pituitary gland indirectly or on the testis directly.
The detrimental effect of iron overload on the pituitary gland
and testis might be due to oxidative stress through the
accumulation of ROS production, generation of hydrozylation
radicals, and mitochondrial function disturbance (40,41) as
also has been demonstrated on various tissues, including
hepatocytes, pancreatic cells, endothelial cells, and thyroid
gland in patients with transfusion-dependent beta-thalasse-
mia and the general population (1,42,43). In this study we
demonstrated that such an inverse association between
ferritin and the reported sperm function parameters still
existed in transfusion-dependent beta-thalassemia male
patients with normal pituitary function and spermatogenesis.
Some studies showed that both Sertoli cells and sperms in
testis expressed voltage-gated calcium channels on their
plasma membrane (44,45), which may become the portals
for iron entry in iron overload condition as seen in other
tissues (46). This could explain our observations that testis
and its function are vulnerable to the iron overload status.
The limitations of this study included the small number of

enrolled subjects, the concentrations of ROS, antioxidants,
and the unavailability of iron in semen; moreover, the
confounding effect of iron chelators on the testicular function
and sperm integrity of patients could not be excluded.
In addition, although we demonstrated that sperm quality
was impaired in adult male with transfusion-dependent

beta-thalassemia, the onset of this functional decline is still
unknown. A longitudinal study with a larger sample size
might be necessary to determine the onset of the decline in
gonadal function and to provide better recommendations for
patients with transfusion-dependent beta-thalassemia.
In conclusion, by using MR T2 quantification techniques,

we demonstrated that the iron loading representing by the
circulating ferritin levels is positively correlated with the
testicular MR T2 values, and testicular MR T2 values are
significantly lower in patients with transfusion-dependent
beta-thalassemia than normal controls. We also found a
significantly lower sperm concentration and lower ratio of
sperm with normal morphology, and higher SDF ratio in
transfusion-dependent beta-thalassemia male patients with-
out hypogonadotropic hypogonadism when compared with
those in normal controls. In addition, the SDF ratio was also
significantly correlated to serum ferritin levels in our
transfusion-dependent beta-thalassemia male patients with
spontaneous spermatogenesis. Therefore, this study demon-
strated that transfusion-dependent beta-thalassemia males
have a high proportion of fertility impairment and iron
overload might contribute to disturbed sperm quality and
testicular tissue injury. Such findings might explain the high
prevalence of impaired fertility in transfusion-dependent
beta-thalassemia patients with normal pituitary function and
can be generalized to other patients with iron or metal
overload syndrome.
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