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ORIGINAL ARTICLE

Polyneuropathy Associated with Age of Starting the Transfusion and Serum
Ferritin Level in Iranian Patients with Thalassemia Major and Intermedia

Aziz Eghbalia , Kazem Ghaffarib , Roya shaykh Bayglooc , Aygin Eghbalid and Ali Ghasemie

aClinical Research Development Center of Aliasghar Hospital, Iran University of Medical Sciences, Tehran, Iran; bDepartment of Basic and
Laboratory Sciences, Khomein University of Medical Sciences, Khomein, Iran; cDepartment of Pediatrics, Amir Kabir Hospital, Arak University
of Medical Sciences, Arak, Iran; dSchool of Medicine, Iran University of Medical Sciences, Tehran, Iran; eDepartment of Biochemistry and
Hematology, Faculty of Medicine, Semnan University of Medical Sciences, Semnan, Iran

ABSTRACT
Considering the importance of managing patients with b-thalassemia and the importance of early
detection of disease complications, we examined the rate of sensorimotor neuropathy in patients with
b-thalassemia and the risk factors related to it. This cross-sectional study included 44 blood transfu-
sion-dependent b-thalassemia patients aged 5 years and older. Nerve conduction studies (NCSs) were
performed via standard procedures for both motor and sensory nerves. Neuropathy was observed in
14 patients (31.8%). NCS results for sensorimotor nerves in patients were within normal range. In motor
NCS results, increased ulnar nerve amplitude was observed in patients with increasing age, and pero-
neal nerve delay in patients with an increase in serum ferritin level (p< 0.05). In sensory NCS results,
delayed ulnar and sural nerves latencies were found in patients with an increase in serum ferritin level
(p< 0.05). We provide data that sensorimotor neuropathy exists in thalassemia patients. It seems that
with the increase of serum ferritin level and the age of patients, neuropathy becomes more obvious,
while other factors such as gender, body mass index, and the number of transfusions may not be asso-
ciated with neuropathy.
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Introduction

b-Thalassemias are heterogeneous disorders that develop
secondary to congenital defects in the b-chain of hemoglo-
bin (Hb). Decrease or absence of b-globin synthesis leads to
imbalance of globin chains. b-Thalassemia is characterized
by chronic hemolytic anemia, expansion of compensatory
hematopoiesis and ineffective erythropoiesis [1,2]. One of
the main methods of treating patients with thalassemia is
regular packed red blood cell transfusions [3,4]. Under these
conditions, iron accumulates in the heart, liver, spleen, and
other tissues, which is responsible for many clinical compli-
cations in patients [2]. Serum ferritin greater than 300 ng/ml
in males and greater than 150 to 200 ng/ml in menstruating
females can be indicative of iron overload [5]. However,
serum ferritin levels can also be elevated for a variety of rea-
sons, including inflammation, infection, and liver disease; it
is known as an acute phase reactant [6].

Accordingly, iron chelation is required to prevent or
reverse iron overload in patients with transfusion-dependent
thalassemia [7]. Today, oral deferasirox (DFX) and deferi-
prone (DFP) and parenteral deferoxamine mesylate (DFO)
are available as the main iron chelating agents. Treatment of
b-thalassemia patients with iron chelation has led to
improved life expectancy and prognosis of patients, although
clinical complications and functional disorders have also

been reported in some patients [2,8]. These complications
include neuroinflammation, neurodegeneration, endocrino-
pathies, peripheral neuropathy, renal disease, myopathy, and
hepatic failure [9–11]. Even previous studies have shown
that clinical complications differ between iron chelators [10].
A previous study done through journal search with deter-
mined MeSH term was done in PubMed and Scopus
showed that DFP in reducing myocardial iron load and
DFO in reducing liver iron load are superior to other iron
chelators [12].

On the other hand, a wide range of eye complications
including optic neuropathy, cataracts and visual field defects
have been counted for DFO [13]. In addition, high doses of
deferoxamine directly cause neurotoxicity in patients with
thalassemia. For the reasons mentioned, there have been
changes in the treatment of iron overload in the past decade,
and today DFX is used as the first line of treatment in heav-
ily iron-overloaded patients with b-thalassemia [14].

Considering the importance of managing patients with
b-thalassemia and the high prevalence of b-thalassemia
major in Iran and the importance of early detection of dis-
ease complications, we investigated the rate of sensorimotor
neuropathy in patients with b-thalassemia, in addition to
evaluating the risk factors associated with sensorimotor
neuropathy such as age, age of starting blood transfusion,
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gender, chelation therapy, serum ferritin level, body mass
index (BMI), height, and transfusion frequency. Nerve con-
duction study (NCS) results of patients with neuropathy
were compared with normal control group data.

Materials and methods

This cross-sectional study included 44 blood transfusion-
dependent b-thalassemia patients aged 5 years and older,
which was conducted in Amirkabir Children’s Hospital,
Arak, Iran, between July 2018 and June 2019. Seventeen
healthy people were selected as the control group. The NCS
results in patients with neuropathy were compared with nor-
mal controls of the same age and gender who had visited
our clinic and had not been diagnosed with any disease.
Baseline characteristics were similar in both groups with
regard to gender and age (P> 0.05, data not shown).

The local ethics committee, in accordance with the
Declaration of Helsinki, approved the study protocol. Before
data collection, informed consent was obtained from the
parents of all patients. In addition, we also obtained
informed consent from older patients. This study was
approved by the Ethics Committee of Arak University of
Medical Sciences (Ethical committee code number:
IR.ARAKMU.REC.1394.101).

Exclusion criteria: patients less than 5 years old, any type
of known neurological disease, family history of neurological
disease, history of taking medications that may affect nerve
conduction study results, acute fever in the last 3 weeks,
infection, renal failure, history of chemotherapy, diabetes
mellitus, patients with high creatinine kinase levels, vitamin
B12 deficiency and folic acid deficiency. Patients did not
receive antioxidant agents during the study. An experienced
neurophysiologist retrieved the patients’ clinical information
by taking a detailed history through a direct interview and
reviewing the patients’ medical records, including the age of
blood transfusion, sensory disorders such as numbness and
paresthesia, BMI, height, weight, and deep tendon reflexes
and the type of iron chelating agents.

NCSs were performed with an EMG device (Nemus,
Biomedica, model number 00655, Galileo NT software ver-
sion 3.71/00, Italy). Median, ulnar, peroneal and tibial nerves
(both right and left) were used for motor NCSs. Surface
electrode recordings were obtained from the abductor polli-
cis brevis (on testing the median nerve), the abductor digiti
minimi (on testing the ulnar nerve), and the abductor hallu-
cis (on testing peroneal nerve). Median (finger-wrist), ulnar,
and sural nerves were used for sensory NCSs. Sensory NCS
of the sural nerve stimulating at the calf and of median or
ulnar nerve stimulating at the wrist and elbow were
recorded. Distal sural delay was determined by stimulating
the lateral edge of the foot and recording in the lateral mal-
leolus, and distal latencies from the wrist or ankle to the
corresponding muscles of the hand or foot in the motor
nerves and to the digits in the sensory nerves [15]. Adhesive
tape was used to fix the recording electrodes on the skin.
The site of electrodes for stimulation and recording was
determined based on previous studies [16,17]. In this study,

surface electrodes were used that did not require skin prep-
aration. The temperature of the room was maintained at
32 �C during the measurements. For action potential pick-
up, the nerve-recording electrode was stimulated ultra-max-
imally using a square wave current with a duration of 0.2
milliseconds.

Neurological manifestations during the study included
hypotonia of the lower and upper limbs, deep tendon
reflexes, tremors in hands, headache, tingling, numbness,
paresthesia, and pain in the hands and feet.

Hematological and biochemical profile in the last
6months were calculated for all patients.

Data were expressed as mean ± SD for numerical varia-
bles. The Spearman rank-order correlation coefficient was
used to evaluate the correlation of variables. One-way ana-
lysis of variance was used to compare the mean of the varia-
bles. The statistical significance of the differences in patients
with and without neuropathy was calculated using Pearsonʼs
v2 test or Fisherʼs exact test. Multivariate logistic regression
model was carried out to evaluate variables that might have
influenced sensorimotor NCSs. The data were analyzed
using Package for the Social Sciences (SPSS) software, ver-
sion 20 (Chicago, Illinois, USA). P< 0.05 was considered
statistically significant.

Results

The mean ± SD age of the patients was 24.1 ± 4.2 years. The
studied patients included 27 (61.4%) females and 17 (38.6%)
males (Table 1). Male to female ratio was 0.6. Of the 44
patients studied, 39 (88.6%) had thalassemia major and 5
(11.4%) had thalassemia intermedia, and all of them were
under repeated packed red blood cells (PRBCs) transfusion.
All patients were treated with DFX. The mean ± SD duration
of receiving iron-chelating agents was 12.3 ± 4.4 years with a
range from 6 to 25 years. Mean serum ferritin levels was
2216.8 ng/ml with range from 143–9088 ng/ml. In our study,
the highest prevalence of neuropathy was in patients with a
transfusion starting age of over 5 years.

Ten patients (22.7%) had undergone splenectomy. All
patients had a normal fasting blood sugar during the fre-
quent routine testing over the past five years. Weights
ranged from 29 to 65 kilograms, with a mean of 48.3 kilo-
grams. The Hb concentrations in the patients, averaged over
the last 5 years, ranged from 6.2 to 12.4 g/dL, with an aver-
age of 8.8 g/dL. Based on the Hb concentration, the transfu-
sion of PRBCs was performed. All patients were transfused
with 10–15ml of PRBCs per kg of body weight. Seventy-one
percent of patients received blood transfusion every 2weeks
and the rest of patients received blood every 3 or 4weeks.
All patients used Desferal as an iron-chelating agent in the
past. In the present study, only one patient had extramedul-
lary erythropoiesis.

In total, NCS results showed the occurrence of neur-
opathy in 14 (31.8%) patients, of which two (4.5%) patients
had sensory neuropathy, and nine (20.4%) patients had
motor neuropathy. Three patients (6.9%) showed motor and
sensory neuropathy at the same time.
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In total, 34.3% of all studied patients had neurological
symptoms. Pain in the hands and feet (16, 36.3%), tingling
(15, 34.1%) and headache (12, 27.3%) were the main neuro-
logical symptoms among the patients, respectively. Thus,
some patients with normal NCS can have neurological mani-
festations. Deep tendon reflexes were absent, although five
patients (11.4%) showed hypotonia (Table 2).

There were no statistically significant differences in age at
presentation, gender, weight, height, BMI, transfusion fre-
quency, type of iron-chelating agents, and clinical manifesta-
tions in the patients with and without neuropathy
(P> 0.05). However, a significant difference was observed in
terms of age at the start of blood transfusion and serum fer-
ritin levels between patients with and without neuropathy
based on NCS results (P< 0.05). A relationship was
observed between the age of patients and the prevalence of
neuropathy based on NCS results (p¼ 0.03). As the age of
the patients increased, the prevalence of neuropathy based
on NCS results in the patients increased, so that all patients
over 40 years of age had neuropathy. NCS results for sen-
sorimotor nerves in patients were within normal range. We
also compared NCS results for sensorimotor nerves in
patients grouped by age, sex, age at the start of transfusion,
serum ferritin level, type of iron chelating agents, BMA,
height, and the number of transfusions (Tables 3 and 4).

There was no significant difference in NCS results for
motor nerves in patients grouped by gender, age of starting
blood transfusion, type of iron-chelating agents, BMI, height,
and the transfusion frequency (p> 0.05). However, in motor
NCS results, increased ulnar nerve amplitude was observed
in patients with increasing age, and peroneal nerve delay in
patients with an increase in serum ferritin level (p< 0.05)
(Table 3).

There was also no observed significant difference in sen-
sory NCS results in patients grouped by age, gender, age of
starting blood transfusion, type of iron-chelating agents,

BMI, and height (p> 0.05). However, in sensory NCS
results, delayed ulnar and sural nerves latencies were found
in patients with an increase in serum ferritin level (p< 0.05)
(Table 4).

Spearman’s rank-order correlation coefficient of NCS
data for sensorimotor nerves is shown in Figure 1. Peroneal
motor nerve, ulnar sensory nerve and sural sensory nerve
conduction latencies were found to correlate positively with
serum ferritin (r¼ 0.3, p¼ 0.036; r¼ 0.4, p¼ 0.040; r¼ 0.4,
p¼ 0.043; respectively). We also found a positive correlation
between ulnar motor nerve conduction amplitude and age
(r¼ 0.3, p¼ 0.031).

Multivariate logistic regression showed independent asso-
ciation between the serum ferritin and peroneal motor nerve
conduction latency (p¼ 0.031; OR ¼ 1.673, 95% CI ¼
0.153–15.701), independent of the age, gender, age of start-
ing blood transfusion, type of iron-chelating agents, BMI,
height, and transfusion frequency.

When we compared the NCS results of the patients with
neuropathy and the control group there was no any statistic-
ally significant difference in the median, ulnar, and peroneal
motor nerve conduction latencies (Table 5). However, in
motor nerve studies, we found a statistically significant delay
in the tibial nerve and lower velocities in the median nerve
in patients with neuropathy compared to controls. No sen-
sory abnormality was observed in the median, ulnar, and
sural nerve conduction latencies and velocities of the
patients. The sensory amplitudes in the ulnar nerve, but not
the median and sural nerves, were lower in the patients with
neuropathy than in the controls (Table 5). Interestingly, in
the control group, 25% of subjects had asymptomatic
neuropathy.

Discussion

We present results that support the existence of polyneurop-
athy in patients with thalassemia major. This study is the
first reevaluation of neuropathy in the era of new iron chela-
tors including DFX in Iran. In the current study, 13% of our
patients had signs and/or symptoms that could be attributed
to neuropathy and NCS data showed that 31.8% of patients
had evidence of neuropathy. Although we found both sen-
sory and motor nerve abnormality in this study, Sawaya
et al. [15] reported only sensory nerve abnormality in thalas-
semia patients. In previous studies, the prevalence of neur-
opathy was reported between 22–78% [2]. Stambolis et al.

Table 1. Baseline clinical data among studied cases.

Data Patients with neuropathy (n¼ 14) Patients without neuropathy (n¼ 30) p-value

Age at presentation, yrs 1.6 ± 0.4 1.5 ± 0.2 0.836
Age of starting the transfusion, yrs 1.9 ± 1.1 1.1 ± 0.8 0.042
Transfusion Frequency, times/year
�10 10 26 0.222
<10 4 4

Female/male 9/5 18/12 0.786
Jaundice, n 9 21 0.868
Serum ferritin, ng/ml 2480.1 ± 84.8 2051.6 ± 49.4 0.039
BMI, kg/m2 18.8 ± 3.7 20.1 ± 4.3 0.287
Height, (cm) 124.4 ± 9.1 126.7 ± 6.7 0.624
Weight (kg) 24.7 ± 4.3 25.6 ± 3.8 0.863

n: number of patients; BMI: body mass index; Bold indicates p< 0.05.

Table 2. Frequency of neurological manifestations.

Symptoms and signs Number (%)

Hypotonia 5 (11.4)
Deep tendon reflexes 0
Tremors in hands 0
Headache 12 (27.3)
Tingling 15 (34.1)
Numbness 1 (2.3)
Paresthesia 1 (2.3)
Pain in the hands and feet 16 (36.3)
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showed abnormalities in NCS results in about 52% of
patients, while only 25% of patients were symptomatic [18].
Khosravi and colleagues reported the peripheral neuropathy
in b-thalassemia major in 65 patients who received regular
blood transfusion and DFO chelating therapy, at least for
ten years. The percentage of patients with peripheral neur-
opathy was 66.15%. The authors found that there was

significant association between aging and peripheral neur-
opathy, but there was no significant association with gender,
serum ferritin level and splenectomy [19]. Also, El-Tagui
et al. reported that 63.3% of patients had motor neuropathy
in the absence of sensory neuropathy or myopathy [17],
whereas in this study, two patients (4.5%) had sensory
neuropathy.

Table 3. The relationship between the results of motor NCSs and the studied variables.

N, (%)

Median Nerve Ulnar Nerve Tibial Nerve Peroneal Nerve

L (MS) V (M/S) A (mv) L (MS) V (M/S) A (mv) L (MS) V (M/S) A (mv) L (MS) V (M/S) A (mv)

Age, yrs
5-14 9 (20.5) 3.3 55.1 9.1 2.4 57.9 5.3 3.8 46.3 7.3 4.3 48.9 4.1
15-24 24 (54.5) 3.1 55.3 9.2 2.6 54.6 6.2 3.8 45.7 7.2 4.4 48.3 4.3
25-40 9 (20.5) 3.3 55.0 9.1 2.5 56.3 7.8 3.7 45.5 7.2 4.5 48.5 4.0
>40 2 (4.5) 3.2 55.2 9.1 2.3 55.5 8.6 3.8 46.1 7.2 4.4 48.7 4.4

Gender,
Female 27 (61.4) 3.3 55.1 9.1 2.5 54.1 6.5 3.8 45.5 7.2 4.4 48.4 4.3
male 17 (38.6) 3.2 55.1 9.1 2.4 54.3 6.4 3.8 45.3 7.2 4.5 48.5 4.2

Age of starting blood transfusion, yrs
<1 36 (81.8) 4.3 55.6 9.2 2.5 56.8 7.1 3.8 46.7 7.4 4.5 48.8 4.2
1-5 5 (11.4) 3.3 54.2 8.8 2.3 54.3 6.7 3.6 44.3 7.2 4.4 48.3 4.2
>5 3 (6.8) 3.2 55.3 9.1 2.4 55.5 6.2 3.7 42.6 7.3 4.2 47.2 4.1

Serum ferritin, ng/ml
<1000 17 (38.6) 3.1 56.2 9.3 2.3 55.8 7.7 3.5 45.4 7.2 2.7 48.5 4.2
1000-2500 19 (43.2) 3.1 55.4 9.1 2.2 55.5 6.8 3.8 44.7 7.3 3.3 48.6 4.2
>2500 8 (18.2) 3.5 55.1 8.4 2.5 55.2 6.1 3.9 44.3 7.1 4.6 48.3 4.1

BMI, kg/m2

<20 25 (56.8) 3.3 55.1 9.1 2.2 55.5 6.5 3.8 45.4 7.2 4.4 48.5 4.1
>20 19 (43.2) 3.1 55.1 9.1 2.3 55.4 6.3 3.8 45.5 7.2 4.2 48.5 4.1

Height, (cm)
<150 15 (34.1) 3.2 55.2 9.1 2.5 55.5 6.4 3.8 45.4 7.2 4.3 48.4 4.1
150-180 23 (52.3) 3.2 55.1 9.1 2.4 55.6 6.4 3.8 45.5 7.3 4.4 48.5 4.1
>180 6 (13.6) 3.3 55.2 9.2 2.5 55.6 6.5 3.8 45.4 7.3 4.4 48.4 4.1

Transfusion frequency, times/year
�10 36 (81.8) 3.4 55.4 9.1 2.6 55.8 6.4 3.9 45.3 7.1 4.6 48.3 4.2
<10 8 (18.2) 2.9 55.7 9.2 2.1 56.6 6.9 3.7 45.8 7.3 4.1 48.9 4.1

Data are mean values. NCS; nerve conduction study; N: number of patients; L: Latency; V: Velocity; A: Amplitude; BMI: body mass index; ms: millisecond; m/s:
meter per second; lV: microvolt; Bold indicates p< 0.05.

Table 4. The relationship between the results of sensory NCSs and the studied variables.

N, (%)

Median Nerve Ulnar Nerve Sural Nerve

L-FW (MS) V –FW (M/S) A-FW (mv) L (MS) V (M/S) A (mv) L (MS) V (M/S) A (mv)

Age, yrs
5-14 9 (20.5) 2.8 56.5 20.5 2.6 53.7 15.8 2.5 48.7 19.8
15-24 24 (54.5) 2.7 57.3 20.4 2.7 54.1 15.9 2.6 48.5 19.9
25-40 9 (20.5) 2.9 55.4 20.5 2.5 53.9 15.8 2.4 48.4 19.8
>0 2 (4.5) 2.8 56.1 20.3 2.6 53.8 15.7 2.5 48.6 20.0

Gender,
Female 27 (61.4) 2.8 56.3 20.5 2.6 53.8 15.8 2.5 48.5 19.8
male 17 (38.6) 2.8 55.5 20.5 2.5 53.8 15.8 2.5 48.5 19.8

Age of starting blood transfusion, yrs
<1 36 (81.8) 2.8 56.4 20.3 2.9 53.8 15.8 2.7 48.6 19.9
1-5 5 (11.4) 2.7 55.7 20.5 2.5 53.8 15.9 2.6 48.7 19.7
> 3 (6.8) 2.7 55.5 20.5 2.1 53.6 15.2 2.4 48.6 19.7

Serum ferritin, ng/ml
<1000 17 (38.6) 2.1 56.7 20.8 2.4 53.6 15.9 2.5 48.4 20.1
1000-2500 19 (43.2) 2.5 55.5 20.3 2.7 53.8 15.6 2.7 48.6 19.7
>500 8 (18.2) 3.2 53.3 19.4 3.3 54.0 15.1 3.1 48.9 19.1

BMI, kg/m2
<20 25 (56.8) 2.8 55.5 20.5 2.4 53.5 15.7 2.4 48.5 19.7
>0 19 (43.2) 2.8 55.5 20.5 2.5 53.6 15.8 2.4 48.5 19.7

Height, (cm)
<150 15 (34.1) 2.7 55.4 20.4 2.6 53.4 15.8 2.5 48.4 19.8
150-180 23 (52.3) 2.8 55.3 20.5 2.6 53.5 15.7 2.4 48.4 19.8
>180 6 (13.6) 2.8 55.4 20.5 2.5 53.4 15.8 2.5 48.5 19.7

Transfusion frequency, times/year
�10 36 (81.8) 2.8 55.3 20.4 2.8 53.0 15.7 2.6 48.5 19.7
<10 8 (18.2) 2.5 56.2 20.6 2.2 54.2 15.8 2.4 48.8 20.0

Data are mean values. NCS: nerve conduction study; N: number of patients; L: Latency; V: Velocity; A: Amplitude; BMI: body mass index; FW: finger-wrist;
ms: millisecond; m/s: meter per second; lV: microvolt; Bold indicates p< 0.05.
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Our results reveal a statistically significant delay in the
tibial motor latency, but no delay in the median, ulnar, and
peroneal nerve motor latencies in the patients with neur-
opathy than in the controls. On contrast, Sawaya et al. [15]
in their study to evaluate the frequency of peripheral neur-
opathy in beta thalassemia patients, reported that their
studied patients had a significant delay in the sensory distal
latencies.

The reason for the difference in the results can be attrib-
uted to the difference in the age of the studied patients, the
type of thalassemia major or intermedia, transfusion fre-
quency, the type of chelating drug, environmental effects
and the more appropriate treatment of the underlying
disease.

Considering that in our study, the highest prevalence of
neuropathy was in patients with the age of starting

Figure 1. a) Significant positive correlation between age and amplitude ratio of ulnar motor nerve in patients with beta thalassemia, b) significant positive correl-
ation between serum ferritin and latency ratio of peroneal motor nerve in patients with beta thalassemia, c) significant positive correlation between serum ferritin
and latency ratio of ulnar sensory nerve in patients with beta thalassemia, d) significant positive correlation between serum ferritin and latency ratio of sural sensory
nerve in patients with beta thalassemia.

Table 5. Sensorimotor NCS results in patients with neuropathy and healthy controls.

Motor nerves Sensory nerves

Latency (ms) Median Ulnar Tibial Peroneal Median Ulnar Sural

Patients (N¼ 14) 3.3 ± 0.3 2.5 ± 0.4 3.8 ± 0.7 4.3 ± 0.5 2.6 ± 0.4 2.5 ± 0.6 2.4 ± 0.3
MIN- MAX 2.7-4.4 1.8-3.1 2.6-5.7 2.5-5.3 1.6-4.2 1.7-4.2 1.6-3.3
Control (N¼ 17) 2.7 ± 0.2 2.2 ± 0.5 2.1 ± 0.7 3.8 ± 0.6 1.6 ± 0.7 2.0 ± 0.4 1.8 ± 0.7
MIN- MAX 2.3-3.5 1.3-2.6 1.2-3.7 1.9-4.0 1.1-3.1 1.3-2.9 1.2-2.7
P value 0.358 0.367 0.021 0.437 0.513 0.419 0.618
Velocity (m/s)
Patients (N¼ 14) 55.1 ± 3.7 55.5 ± 4.8 45.4 ± 5.8 48.4 ± 2.4 55.4 ± 3.5 53.7 ± 5.2 48.4 ± 3.8
MIN- MAX 49-64 46-62 38-52 39-52 47-68 48-61 45-57
Control (N¼ 17) 58.1 ± 3.2 56.1 ± 5.5 47.5 ± 4.2 49.9 ± 3.3 57.3 ± 4.1 55.1 ± 4.3 49.1 ± 3.9
MIN- MAX 51-63 48-66 39-55 41-55 48-67 50-63 45-58
P value 0.008 0.568 0.637 0.461 0.715 0.563 0.891
Amplitude (lV)
Patients (N¼ 14) 9.1 ± 0.7 6.5 ± 1.4 7.2 ± 2.1 4.2 ± 0.6 20.5 ± 3.8 15.8-2.8 19.7 ± 3.3
MIN- MAX 7.4-11.3 4.1-9.1 5.6-9.8 2.6-6.5 15.3-23.7 10.1-21.0 15.6-24.8
Control (N¼ 17) 11.2 ± 1.1 7.5 ± 1.1 7.5 ± 1.3 4.5 ± 0.5 21.2 ± 4.6 19.1 ± 2.4 20.5 ± 1.8
MIN- MAX 9.0-13.4 5.3-9.2 5.7-10.8 2.9-7.0 17.0-25.1 15.2-24.0 14.9-24.6
P value 0.234 0.368 0.412 0.778 0.891 0.032 0.697

Data are mean ± SD values. NCS: nerve conduction study; ms: millisecond; m/s: meter per second; lV: microvolt; N: number; MAX: maximum;
MIN: minimum; Bold indicates p< 0.05.
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transfusion above 5 years, it is possible that the faster start
of blood transfusion will delay the progression toward neur-
opathy in thalassemia patients and even have a protective
effect. In a study from Lebanon, the authors claimed that
the sensory amplitudes were significantly higher in thalas-
semia patients who had received blood transfusion. They
stated that blood transfusion can delay or protect against the
development of polyneuropathy in thalassemia patients [15].

Sensorimotor NCS results were in the normal range in all
of the patients receiving DFX. Consistent with our results,
in a study on the prevalence of neuropathy in 27 patients
with beta-thalassemia major and intermedia, in which
approximately 96% of patients received DFX, the authors
reported that only 3% patients had motor neuropathy and
sensorimotor NCS results were in normal range in all of the
patients [11]. Studies have shown the relationship between
peripheral neuropathy and some variables in patients with
thalassemia major. Wong et al. found a high level of serum
ferritin in thalassemia patients with neuropathy [20]. In a
study from Greece, the authors claimed that age over
20 years and having hematocrit values less than 30.0% are
risk factors for neuropathy [18]. In another study, Sawaya
et al. revealed sensory neuropathy in beta thalassemia
patients is related to aging and insufficient treatment. They
reported that the hemoglobin level did not affect the status
of the patients’ nerves [15].

The difference in the prevalence of neuropathy in differ-
ent studies can be due to the difference in the age of the
studied patients, the type of chelating drug and the more
appropriate treatment of the underlying disease. Ethnic and
racial diversity and environmental effects can also be
another reason for the difference in the prevalence of neur-
opathy in patients with thalassemia major in different stud-
ies. Thus, in a study in Turkey, no neuropathy was reported
in patients with thalassemia major [21], which was contrary
to the results of our study. Risk factors related to neur-
opathy in some diseases such as diabetes [22], ischemia [23],
and sickle cell disease (SCD) [24] have been described,
which may explain the risk factors of neuropathy in other
conditions such as thalassemia major. In a study, the authors
claimed that neuropathy in diabetic patients may be subclin-
ical for several years and its late diagnosis leads to an
increased risk of mortality [25]. Neuropathy risk factors in
diabetes mellitus patients include age [26], hypertension
[27], smoking, high triglyceride levels [28] and BMI [29]. In
another study, Brandow et al. revealed neuropathy in SCD is
related to older age, hydroxyurea use and female gender
[30]. The effect of frequent blood transfusion and iron over-
load on the development and progression of neuropathy in
SCD remains unknown [24].

In this study, we found that patients with older age had
significantly longer motor ulnar nerve amplitude than
younger patients. Our results were in agreement with
Bayhan et al. [11] who reported that thalassemia patients
over 20 years of age had longer motor ulnar nerve ampli-
tude. Similar results have been reported in previous studies
in thalassemic patients [15,18]. These data are consistent
with previously published data in SCD patients where older

age is a risk factor for the development of neuropathy
[24,30]. The reason why the prevalence of neuropathy
increases with age remains unknown and is also an area of
active research.

The mean serum ferritin level in our study was
2216.8 ng/ml, which was different from the mean serum fer-
ritin level in the study conducted by Ari et al. and Hesham
et al. The current study showed that patients with higher
ferritin levels had significantly longer peroneal motor nerve,
ulnar sensory nerve and sural sensory nerve conduction
latencies than patients with lower ferritin levels. Similar
report has been shown in a previous study [11]. Iron over-
load should be considered in the etiology of these latencies;
however, much is unknown and this is an active area of
investigation. Anomalies in various other sensorimotor
nerves have also been reported in other studies [15,31].

In patients with thalassemia major, it occurs due to iron
overload; chronic hemolysis and frequent transfusion. These
two events can cause cell damage and neurotoxicity through
the production of free radicals. The increase of free iron and
iron overload can cause the formation of reactive oxygen
species and damage biological molecules such as lipids, pro-
teins and DNA [32]. Additionally, it has been shown that
deferoxamine administration may be associated with optic
and vocal nerve complications in a dose-dependent man-
ner [33].

In conclusion, we provide data that sensorimotor neur-
opathy exists in thalassemia patients. It seems that with the
increase of serum ferritin level and the age of patients, neur-
opathy becomes more obvious, while other factors such as
gender, BMA, and the number of transfusions are not asso-
ciated with neuropathy. According to the results of our
study, we recommend that a larger study be conducted con-
sidering the effect of different types of iron chelators as well
as the type of thalassemia major and intermedia to provide
a more reliable analysis. Considering the wide range of fer-
ritin, we suggest to investigate this issue in other studies
with larger sample size.
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