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Abstract

Background: Thalassemia are a heterogeneous collection of genetic disorders categorized by decreased or absent production of one or more
globin chains that make up a hemoglobin molecule.

Objective: The main aim of the present study was to evaluate the growth pattern and growth failure rate in children with hyper transfused
B thalassemia major those on chelating therapy in comparison with serum ferritin level in the Yemeni society for thalassemia and genetic blood
disorder.

Methods: In this comparative descriptive study, the growth parameters (height, weight) and serum ferritin of 109 patients aged 2-18 years (52
males 47 females) with B-thalassemia major in The Yemeni society for thalassemia and genetic blood disorder - Sana‘a, were taken, In which the
growth was compared with normal growth charts for the same age and gender according to WHO then the growth pattern is camper with serum
ferritin and degree of hemosiderosis.

Results: Growth retardation below 5 centiles were found in (67.889%) of total surveyed Patients for both height and weight in both gender,
in details there are (71.60%) are short and under 5th centile in compare with height of normal children at same age and gender (38.46% is female
patients and 61.53% is male patients) and there are (67.9%) are underweight and under 5th centile in compare with weight of normal children at
same age and gender (37.83% is female patient and 62.16% is male patients).

Conclusion: Growth failure (underweight and short stature) significantly occurs in thalassemia patients compared to normal children of the
same age and sex, and such growth retardation was more in Yemeni patients compared with same studies on other countries than Yemen.

Keywords: Thalassemia; Genetic blood disorder; Yemeni patients.

world population carries a+ thalassemia. Around 1.1% of couples
worldwide are at risk for having children with a hemoglobin
disorder and 2.7 per 1000 conceptions are affected, affected birth
prevalence is assessed at 2.55 per 1000. Most affected children
born in high-income countries survive with a chronic disorder,

Introduction

Inherited blood disorder considers as big health problem that
we couldn’t be omitted because of the chronic course of disease
with severe clinical picture and complication that may lead to

death or even sever disfiguration include growth restriction
causing deep social and sociological harm in the affected
individual. Regarding hemoglobin disorder epidemiology there
is at least 5.2% (and over 7% of pregnant females) in the world
carry a significant difference in of hemoglobin disorders[1].

Hemoglobin S accounts for 40% of carriers but causes
over 80% of disorders because of localized very high carrier
prevalence: around 85% of sickle-cell disorders and over 70% of
all affected births occur in Africa. In addition, at least 20% of the

while most born in low-income countries die before the age of
5 years. Hemoglobin disorders donate the equivalent of 3.4% of
mortality in children aged under 5 years worldwide or 6.4% in
Africa. Annually there are About 56 000 have a major thalassemia,
including at least 30000 who need regular transfusions to
stay alive and 5500 who die perinatal caused by a thalassemia
main|[1,2].

Each year there are 1.33 million at-risk pregnancies. In
principle, all need the agreement of prenatal diagnosis. about
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12% of children born with transfusion-dependent 3 thalassemia
are actually transfused, and less than 40% of those transfused
obtain suitable iron-chelation therapy. About 100 000 patients
are currently living with regular transfusions, and at least 3000
die once a year in their teens or early 20s from uncontrolled iron
overload[1].

In Yemen, hemosiderosis is the main cause of growth
retardation, this study is aimed to assess the growth pattern
and growth failure rate in Yemeni children with { thalassemia
major which tend to be exaggerated especially among the poor
who unfortunately make the majority of patients. and among the
obvious deteriorated in health services in general and prolonged
instability in my country due to war with the absence of essential
drugs like chelating drugs this problem appears obviously
causing major tragedy among my patients. Growth is a dominant
biological activity during the first two years or so of human life,
including, of course, nine months of prenatal life.

Growth is an increase in the size of the body as a whole or
the size attained by specific parts of the body. It is an important
distinguishing of all living organisms. The term development
is repeatedly used along with growth and even measured
synonymous by some people.

Growth means the increase in the size of the various parts
and organs of the body by multiplication of cells and intercellular
mechanisms during the period commencing from fertilization
to physical maturity. Changes in size are results of three
underlying cellular processes: (a) an increase in cell number or
hyperplasia; (b) an increase in cell size or hypertrophy; (c) an
increase in intercellular substances or accretion. The increase
in number is a function of cell division (mitosis), which involves
the replication of DNA and the subsequent migration of the
replicated chromosomes into functional and identical cells. The
increase in cell size involves an increase in functional units within
the cell, mainly protein and substrates, as is especially evident in
the muscular hypertrophy that occurs with regular resistance
exercise.

According to Watson and Lowery “ growth means an increase
in the physical size of the whole or any of its parts.” It can be
measured in terms of centimeters and kilograms or metabolic
balance i. e. retention of hydrogen and calcium in the body. Juan
Comas defines it “ as the objective manifestation of hypertrophy
and hyperplasia of the organism constituent tissues and is
determined by postnatal body size[3].

Progress refers to the increase of functional capacity in
perfect form resulting from the production of specialized tissues
from unspecialized ones. The term progress has been variously
defined by scientists. Comas (1960) regards progress as a quality
peculiar to living matter that carries it through the process of
progressive evolution to a state of perfect function. Hurlock
(1941) considers progress as changes in its progressive series
which are orderly and coherent and which lead to maturity. It
is, in fact, the consequence of cellular differentiation that the
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character and its specificity result into perfect function[3].

Maturation often described as the process of becoming
mature, or progress toward the mature state.

Maturity, however, varies with the biological system measured.
Sexual maturity is fully functional reproductive capability[3].

Factors Affecting Growth

The integrated nature of growth and maturation is largely
maintained by a constant interaction of genes, hormones,
nutrients and other factors. These factors also influence physical
performance. Some are hereditary in origin. Others, such as
season, dietary restriction, severe psychological stress, originate
in the environment and simply affect the rate of growth at the
time they are acting. Others again, such as socio-economic class,
reflect a complicated mixture of hereditary and environmental
influences and probably act throughout the whole period of
growth [3].

Thalassemia

The term “thalassemia” refers to a group of blood diseases
characterized by decreased or absent synthesis of normal
globin chains. According to the chain whose synthesis is
impaired, the thalassemia are called a-, 8-, y-, § -, 6B-, or ey &f-
thalassemia. Most thalassemia are inherited as recessive traits
[4]. Thalassemia occurs in approximately 4.4 of every 10,000
live births. a-thalassemia is most common in individuals of
African and Southeast Asian descent, while 3-thalassemia is most
common in individuals of Mediterranean, African, and Southeast
Asian descent . About 5% of the world’s population has a globin
variant, but only 1.7% has a- or B-thalassemia trait. Thalassemia
trait affects 5-30% of people in these ethnic groups[2].

Endocrinopathy & growth retardation in thalassemia

The most common endocrine irregularities in patients with
thalassemia include hypo-gonadotropic hypogonadism, growth
hormone deficiency, and diabetes mellitus.

Hypothyroidism, hyperparathyroidism and low levels of
adrenal androgen secretion with normal glucocorticoid reserve
have been described[5]. Normalratesofprepubertal linear growth
is detected in patients with regular transfusion programs, but
poor pubertal growth and impaired sexual maturation have been
observed in well- transfused patients[6,7]. Pituitary dysfunction
causes hypogonadotropic hypogonadism, which usually causes
abnormal sexual maturation in them. Primary gonadal failure has
also been reported occasionally. Growth failure causes by growth
hormone (GH) deficiency (hypothalamic and/or pituitary) and
hypothyroidism. Delayed sexual maturation and bone disorders
cause by DFO toxicity[8,9]. Growth retardation may improve with
the administration of exogenous growth hormone. Hypo secretion
of adrenal androgen, delay in pubertal development, zinc
deficiency, and free- hemoglobin- induced inhibition of cartilage
growth have also been implicated in the impairment of growth
in patients with thalassemia major[5]. The use of iron-chelating
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drugs has been shown to delay the development of iron-induced
damage of cardiac and liver tissue, resulting in improved survival,
butthe prevention of endocrine damage isless clear. Deferoxamine
(DFO) is a siderophore (an iron-binding compound) produced by
the bacterium Streptomyces pilosus. It is not absorbed orally and
is rapidly cleared; consequently, subcutaneous or intravenous
administration is necessary[11]. Iron chelating therapy should
be started before clinically significant iron accumulation when
patients have received between 10 and 20 red-cell transfusions.
Early initiation of DFO, before the age of 10 years, assures normal
puberty in the majority of patients[12]. However, the initiation of
DFO at a young age could be associated with bone toxicity, which
could decrease growth[13].

The main causes of growth retardation in thalassemia
patients are

¢ Growth failure causes by growth hormone (GH) deficiency
(hypothalamic and/or pituitary) due to iron overload.

e Growth failure causes by hypothyroidism also as a
complication of iron overload.

¢ complication of using chelating agent before the third year
of life ( deferral )

¢ other causes like genetic, environmental and nutritional.
Iron Overload and Iron Chelation

Background on Iron Overload, Assessment of Iron
Overload, and Iron Chelation

Red cell transfusion is the mainstay of treatment for
thalassemia major; however, over time this therapy results in
significant iron overload. Once the body’s ability to store iron is
exceeded, free iron accumulates and participates in the formation
of reactive hydroxyl radicals, which cause denaturation of
proteins and membrane damage. Iron overload, iron overload
is the major cause of morbidity and mortality in transfused
thalassemia patients. If untreated, it is fatal in the first or second
decade of life [14,15]. Chelation therapy should be started in
patients with ferritin over 1000 ug/l; however, once chelation has
been initiated, the ferritin should be maintained between 1000 -
1500 ug/1[16,17].

Definitions

Hyper transfusion regimen; lifelong regular blood transfusions,
usually administered to maintain the pre-transfusion hemoglobin
level above (11-12 g/dl) to ensure near-normal physical activity
and growth [18].

Aims and objectives

The study was conducted with the following aims and objectives:
To assess the growth retardation in Yemeni hyper- transfused
B-thalassemia major patients whose on chelating thereby and its
relation with serum ferritin in the Yemeni society for thalassemia
and genetic blood disorder.
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Specific objectives

e To identify growth patterns in hyper- transfused
B-thalassemia major patients whose on chelating thereby
according to height and weight.

¢ To identify the age group of apparent growth restriction.

e To
hemosiderosis among hyper transfused (- thalassemia major
patient.

identify patient serum ferritin and degree of

¢ To identify the relation of serum ferritin and growth
restriction among patients.

Method & materials
Study design

A Cross-sectional descriptive study.
Study population

The Yemeni society for Thalassemia And genetic Blood disorders
- Sana’a, it is the only society for genetic blood disorder in Sana’a
and it received more than 2531 patients.

Inclusion Criteria

The study involves all hyper transfused  thalassemia major
patients in the society those requested and received in the society
at the time of study and come with inclusion criteria.

Exclusion criteria

Hyper-transfused 8 thalassemia major patients. The age group
of 2-18 years. On chelating therapy or need chelating thereby.
Serum ferritin more than 1000 pug/L

Sample size

Other types of genetic blood disorders like SCA or other types
of thalassemia. All B-thalassemia patients did not come with
a selected age group. All 3-thalassemia patients not on chronic
blood transfusion. All -thalassemia patients on chronic blood
transfusion with ferritin level was less than 1000 pg/L.

Selection of cases

All hyper transfused 3 -thalassemia patients those come with
inclusion criteria at the time of study who were 109 patients.

Data collection technique

There is no technique for case selection and all hyper
transfused 3 -thalassemia patients whose admit in the society at
study time and followed the study criteria will be involved.

Study period
from 1 /1 /2018 to 30/1 /2019.
Data analysis

After designing the master - Sheets, all variables were
introduced into the computer. The 21st version of statistical
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package for social sciences (SPSS) was used for data analysis.
Every patient body weight and height with age were compared
with the Who growth charts.

Study ethics

Approval consent from each patient and their parent is taken
and, All personal information was hidden and taking into account
their privacy.

Figures and tables
Height on centile

The study showed that seventy-eight (71.60%) of total study
child is short and under 5th centile in compare with length of
normal children at same age and gender, while nine children is
on 5th centile and six (6.6%) on 10th centile and six (5.5%) are
under 25th centile and seven (6.4%) on 25th centile and one
(0.9%) on 50th centile and two (1.8%) on 75th centile.

Among all under 5th centile patient, there are thirteen
(63.9%) female child and forty-eight (77.4%) male child while
among children on 5th centile there are six ( 12.8%) female and
three (4.8% ) male, and among children on 10th centile there are
two (4.2% ) females and four (6.5%) males, and there are three (
6.4%) female and three ( 4.8%) male under 25th centile and four
(8.5%) females and three ( 4.8%) males on 25th centile, and only
one (2.1%) female on 50th centile, and one ( 2.1%) female and
one (1.7%) male on 75th centile. Figure 1
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Figure 1: Total distribution of study sample according to
height regarding gender

Weight on centile

The study showed that seventy-four (67.9%) of total study
children are short and under 5th centile in compare with the
weight of normal children at same age and sex, while eleven
(10.1%) child are on 5th centile and nine (8.3%) on 10th centile
and twelve (11.1%) on 25th centile and three(2.8%) on 50th
centile

weight on centile for sex

Sex differentiation among all under 5th centile
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Patient, there are a twenty-eight female child and forty-six
male child while among children on 5th centile there are six
female and five male, and among children, on 10th centile, there
are five females and four males, and six females and six males on
25th centile, and two female and one male on 50th centile. Figure
2
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Figure 2: Distribution according to weight regarding gender.

Hemosiderosis among study sample

The study showed eighty-seven ( 79.5%) of children suffer
from severe hemosiderosis however twenty (18,4%) of children
have moderate hemosiderosis and only two (1.8%) child with
mild hemosiderosis. Figure 3
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Figure 3: Hemosiderosis among study patients.
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Growth retardation with serum ferritin

Mean serum ferritin in patients with height and weight more
than 5th centile was 4239 and with height and weight of fewer
than 5th centile were 5867.

Mean serum ferritin

Mean serum ferritin at patients more than 5th centile was
4976 pg/L and mean serum ferritin at patient more than 5th
centile was 2648 pg/L.

Growth Retardation for Age Group

The study showed that there are seventy-four (67.889% ) of
total surveyed Patients who are below 5th centile for both length
and weight in both sexes. The majority of them beyond the age
group of 8 - 18 years forty-seven (63.5%), while twenty-seven
(36.5%) beyond the age group of 2-7 years. Figure 4
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Figure 4: Hemosiderosis among study patients.
Discussion

This study explores the growth pattern in hyper transfused
(- thalassemia major patient and its relation with serum ferritin
using a cross-sectional method.

Evaluation of the growth pattern among (3 thalassemia
major patients

According to study results the majority of the study patients
seventy-four ( 67.889% ) of total surveyed Patients are below 5th
centile for both length and weight in both sex and in detail there
are seventy-eight (71.60%) of total study children are short and
under 5th centile in compare with length of normal children at
same age and sex ( 38.46% is female patients and 61.53% is male
patients ) and seventy-four (67.9%) of total study children are
short and under 5th centile in compare with weight of normal
children at same age and sex ( 37.83% is female patient and
62.16% is male patients). This percentage is, unfortunately, is
higher than the percent showed by study in Jordon prepared
by Faiez N. Hattab, with name *Patterns of physical growth and
dental development in Jordanian children and adolescents with
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thalassemia major[19] show that there are 41.9% (13/31) of
total surveyed thalassemia patients are under the 5 percentile in
both age and sex. There is study in Iran publish with name *The
Study of Growth in Thalassemia Patients and its Correlation with
Serum Ferritin Level* by Hashemi A MD, Ghilian R MD, Golestan
M MD, Akhavan Ghalibaf M MD, Zare Z MD, Dehghani MA Msc[20],
show that (65.71%) of thalassemia patients had height less than
five percentile which also is less than the result of the total height
of Yemeni thalassemia patients. While in study in Egypt named
*Growth pattern in children with beta-thalassemia major and its
relation with serum ferritin, IGF1 and IGFBP3* by Mona Ramadan
Nasr, Nermin Ali Ebrahim, Manal Sayed Ramadan, Omnia
Salahedin show a total of 57.6% of BTM group had retarded
linear growth which is also less than our result[21], but one study
done in India is the closest result to us this study is * Growth
retardation and nutrition in children with thalassemia major* by
Vasundhara Kumari, SK Upadhyay, Vineeta Gupta, K Satya Piplani,
BD Bhatia show 72.9% of children below 5 percentile for height
and 60.8% below 5 percentile for weight[22].

Evaluation ofthe relation ofage and growthretardation

The most obvious age of growth retardation is after the age of
8 years in which the study show that the age group of 8-18 years
is the most ages affected by growth retardation with (63.5%) of
total growth-retarded patient This result agrees with another
study in India named *Growth Retardation in Thalassemia Major
Patients* by Anita Saxena that show Growth faltering sets in at a
much younger age and becomes apparent by 8 years of age[23].

Assessment of the relation of serum ferritin and
growth retardation in g thalassemia patients

In assessing the relation of growth retardation with serum
ferritin the study show ( 79.5%) of children suffer from severe
hemosiderosis however twenty (18,4%) of children have
moderate hemosiderosis and only two (1.8%) child with mild
hemosiderosis and the mean serum ferritin at patients more than
5th centile was 4976 pg/L and mean serum ferritin in patient
more than 5th centile was 2648 pg/L. while the Irish study*The
Study of Growth in Thalassemia Patients and its Correlation with
Serum Ferritin Level* by Hashemi A MD, Ghilian R MD, Golestan M
MD, Akhavan Ghalibaf M MD, Zare Z MD, Dehghani MA Msc, show
the mean serum ferritin at patients with height and weight more
than 5 percentile was 2252+/-1040 and with height and weight
less than 5 percentile was 2962+ /-1606 . actually this supports
the fact that patients with high serum ferritin during childhood
have more risk to develop growth retardation but our patients
shown much more serum ferritin in the camper with patients in
the previous study[24].

Conclusion

The study reveals that the majority of Yemeni (3-thalassemia
major patients are short and under nutrition in comparing
with other healthy children or even in comparison with
the thalassemia patient in another country, despite regular
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transfusions and chelation therapy. Growth faltering sets in at a
much younger age and becomes apparent with older age. On the
other side, the study showed the majority of the hyper transfused
patient are suffers from severe hemosiderosis in which almost all
of them are growth retarded. Poor socioeconomic background
compounds and exaggerates the problem. It’s clearly that there
is a lack of optimal care involving early diagnosis, proper and
careful use of transfusion therapy, excellent care and treatment
for hemosiderosis and chelating therapy, early detecting of
growth retardation and manage.

Recommendation
The study recommends the following

¢ Give the optimal care for thalassemia patients in order to
prevent hemosiderosis.

¢ The chelating drug should be available and acceptable at
any time and for every patient.

e Take care and treat cases of growth retardation in a
thalassemia patient involving early diagnosis and treatment.
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