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Abstract

Introduction: Thalassaemia is a group of genetic disorders
of blood, characterized by decreased synthesis of one of two
types of poly peptide chain (a or B) that form a normal adult
human haemoglobin molecule (Hb A- a2 R32). This results in
decreased filling of red cell with haemoglobin and anaemia.
Retardation of growth and delayed sexual maturation can
occur as a complication of thalassaemia. The objectives of this
study were to study the pattern of growth failure and sexual
maturity rate (SMR) in children with B-thalassaemia major,
and to compare it with controls. Material and Methods: In this
case-control study conducted simultaneously at two centres
at Bebe Nanki Mother And Child Care Centre, Amritsar and
Sri Guru Ram Das Charitable hospital, Amritsar, the growth
parameters (height,weight and sexual maturation ) and serum
ferritin levels of a total of 114 patients aged 8-16 years (64
males and 50 females) with B-thalassaemia major were
compared with those of 100 healthy controls of the same
age and gender. Results: Underweight was observed in
89(78.1%) of patient group and 9(9%) of control group. Short
stature was observed in 64(56.1%) patients and 7(7%) of
the control group. The mean age of menarche for female
thalassaemia patients was 12.11+2.1 years and for control
females was 11.42+1.11years, The SMR were delayed in
108(95%) of patients and in 6 (6%) of controls. The level of
serum ferritin was found to be significantly associated with
delayed SMR in thalassaemia patients. Conclusion: Growth
failure and delayed SMR significantly occur in thalassaemia
patients, when compared to the controls. Adequate chelation
therapy can help in controlling serum ferritin levels and thereby
facilitating normal physical growth and sexual development in
chronically transfused thalassaemia patients.

Key words: Growth retardation, serum ferritin, SMR
thalassaemia.

Introduction

he thalassaemia are inherited disorders of Haemoglobin (Hb)
synthesis resulting from an alteration in globin chain production
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leading to impaired synthesis of the B globins. The use
of regular blood transfusions and chelation therapy
with deferoxamine in the past few years has prolonged
survival and transformed thalassaemia major from a
fatal disease in early childhood to a chronic iliness.

However, complications are still frequent and affect
the patients' quality of life. There are multiple factors
for retarded growth and delayed sexual development
in thalassaemia patients. It includes chronic hypoxia
secondary to anaemia and growth hormone insufficiency
due to defective biosynthesis of somatomedin in the
liver. Other factors contributing to the growth failure
are decreased insulin-like growth factor1 (IGF1), sex
steroid deficiency, hypogonadism, hypothyroidism.
hypoparathyroidism and diabetes mellitus'2.

Development of secondary sex characteristics in
children with thalassaemia is markedly delayed than
the expected development criteria, secondary to chronic
hypoxia and iron overload?®.

In thalassaemia major, multiple transfusions and
inappropriately increased iron absorption associated
with ineffective erythropoiesis leads to accumulation
of iron. Threshold values for iron toxicity are serum
ferritin >2500 ng/mL and transferrin saturation >75%.4
(reference) When the iron-carrying capacity of transferrin
is exceeded by the excessive and regular outpouring
of catabolic iron, non-transferrin-bound iron starts to
increase®.

Transfusion regimens maintaining pre-transfusion
haemoglobin above 9-10 gm/dL are effective in
suppressing erythroid marrow expansion. Repeated
transfusions in thalassemic patients and subsequent
iron accumulation leads to complications including
growth retardation, gonadal dysfunction, and delayed
appearance of secondary sex characteristics®®.

Using subcutaneous infusions of deferoxamine
for at least 4-6 days a week reduces excessive
iron and prevents cardiac, hepatic and endocrine
diseases™®. Growth failure has been attributed to
growth hormone (GH) deficiency (hypothalamic or
pituitary), hypothyroidism, delayed sexual maturation,
hypogonadism, diabetes mellitus, zinc deficit, low
haemoglobin levels, bone disorders and deferoxamine
toxicity.

The aim of this study was to evaluate the height,
weight, gonadal function, and sex maturity rating, as
well as their relationship to serum ferritin levels, in
thalassemic patients and to compare it with controls.
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Material and Methods

This was a cross-sectional, controlled study
conducted at the Thalassaemia Wards of Bebe Nanki
Mother and child Care Centre, Government medical
college, Amritsar and the paediatric ward at Sri Guru
Ram Das Charitable hospital, Amritsar. The objectives
of this study were to determine growth parameters and
pubertal development in patients with thalassaemia
major, and to compare it with controls. The study was
conducted over a period of six months from the 1st
January 2015 to the 30" June 2015.

A hundred and forty patients with thalassaemia
are registered with the thalassaemia ward under Bebe
Nanki Mother and Child Care Centre, Government
medical college, Amritsar. Seventy eight (44 males and
34 females) children with B-thalassaemia major aged
8—16 years who attended thalassaemia ward during the
study period were enrolled in this study.

About 58 patients of thalassaemia are registered
with the paediatric department at Sri Guru Ram Das
Charitable hospital, Amritsar. Thirty six (20 males and
16 females) patients with B -thalassaemia major, aged
8—16 years, who attended thalassaemia ward during the
study period were enrolled in this study.

Cases of thalassaemia intermedia, thalassaemia
minor and co-existent hypothyroidism were excluded
from the study, after investigating for haemoglobin
electrophoresis and thyroid function tests. Written
consent was taken from parents of each child in the
case and control groups, enrolled in this study.

Information was collected on a pre-designed
questionnaire from parents of the patients via a face-
to-face interview and included age, gender, residence,
duration of thalassaemia, family history, and the age of
onset of menarche.

Sexual maturity rating (SMR) was determined
according to Tanner method® using data collected by
history taking and careful physical examination. Height
and weight were measured by standard clinical methods.
The Indian Academy of Paediatrics (IAP) growth curves
were used as reference standards. Weight and height
measurements were compared with the normal. For
estimation of serum ferritin, 5ml venous blood samples
were obtained between 8:30-9:00 a.m., by venipuncture,
using plain tubes, and the samples were analyzed in
laboratory.

Agroup of control matched for age and gender were
selected from three schools chosen by simple random
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sampling (primary & secondary schools) in Amritsar city.
Before inclusion in the study, thalassaemia was ruled
out in the control group by haemoglobin electrophoresis.
Data were entered into Statistical Package for Social
science (SPSS) program for Windows version |. The
results were statistically analyzed by calculating the
p-value. Statistical significance was set at 0.05.

Results

In the present study, the age and gender of the
patients are in between 8-16 years, males constitute 64
(63%) and female 50 (37%)

The results of our study show that Underweight
was observed in 89 (78.1%) of patients as compared
to 9 (9.0%) of the control group, (p-value= 0.000), while
Short stature were found in 64(56.1%) of patients and
7(7.0%) of controls (p-value= 0.000), both of these
parameters were of statistically significant.

In the present study, the SMR were delayed in
99(86.9%) of patients while it was delayed only in 6
(6.0%) of controls of the same age and sex, this was
statistically of high significance (p-value=0.00).

Table 4 shows relation of serum ferritin levels with
SMR rating and age of menarche. Out of 13 patients
with serum ferritin levels less than 2000mg/dl, only 3
(23.1%) showed delayed SMR. As the serum ferritin
levels increased, the percentage of patients with delayed
SMR increased significantly. All the patients (100%) with
ferritin above 5000mg/dl showed delayed SMR.

Regarding the correlation of serum ferritin level
and the onset of menarche in the present study, the
age of onset of menarche was delayed in a total of 43
females, out of which 25 (58.1%) of patients had serum
ferritin level between 2000-5000mg/dl in comparison
to14(100%) of patients whose serum ferritin is more
than 5000mg/dl and this was statistically significant
(p-value<0.001).

Table 1: Age and gender distribution of the patients and controls

Gender Study group (n=114) Control group (n=100)
Number Number %
Male 64 51 51.0
Female 50 49 49.0

Table 2: Weight and height percentiles of the patients and controls

Variable Study group (n=114) Control group (n=100)
Weight (Kgs) Number Percentage (%) Number Percentage (%) p-value
Less than 5" percentile 89 78.1% 9 9.0 <0.001
5th-95" percentile 55 21.9% 84 84.0
More than 95" percentile 0 7 7.0
2. Height (cms) <0.001
Less than 5" percentile 64 56.1% 7 7.0
5%-95th percentile 50 43.9% 91 91.0
More than 95" percentile 0 2 2
Table 3: Distribution of SMR and menarche in patients and controls
Variable Study group (n?=114) Control group (n?=100) Chi square
SMR Number Number % p-value
Appropriate for age 15 94 94 <0.001
Delayed for age 99 6 6.0
Menarche Study Group (n=50) Control group (n=49)

Number Number % <0.001
Normal 7 44 89.8
Delayed 43 5 10.2
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Table 4: Relation of variables of sexual maturation with serum ferritin levels

SMR (males and females)

Age of Menarche (females)

Serum Ferritin  Normal (n=16?) Delayed (n=987?)

Serum ferritin Normal (n=7) Delayed (n=43)

<2000 (n=13) 10 (%?76.9%) 3 (23.1%) <2000 (n=7) 3 (42.9%) 4 (57.1%)
2000-5000(n=71) 6 (8.4%) 65 (91.6%) 2000-5000 (n=29) 4 (13.8%) 25 (86.2%)
>5000(n=30) 0 (0%) 30 (100%) >5000(n=14) 0 (0%) 14 (100%)
P value < 0.001 <0.001
Discussion was statistically significant (p-value =0.001) and similar

Table 2 compares the height and weight percentiles
for the thalassaemia patients and controls. Many
factors are responsible for short stature in patients
with thalassaemia, the most important of which are
dysfunction of the GH-IGF-I axis and desferoxamine-
induced bone dysplasia. The patients of thalassaemia
showed poor weight and height percentiles.

This observation is in concordance with previous
studies across the world'®""2 indicating that
thalassaemia patients have risk factors for growth
failure as a result from direct relation to iron toxicity
especially on endocrine glands. Other important factors,
contributing to growth failure are failure to initiate
intensive chelation therapy below 10 years of age and
other factors like anaemia, hypersplenism, Folate,
Calcium and Zinc deficiency'®'*'5. In a study by Gulati
et al, height standard deviation (SD) score of patients
(-2.2 £ 1.5) was significantly lower than that of normal
controls (-1.0 £ 0.7, p<0.001).

Table 3 shows the distribution of sexual maturation
in patients and controls. The SMR rating was assessed
for both females and males, and details of menarche
were compared among females. Itis important to mention
that some of the thalassaemia patients presented with
complete lack of secondary sexual characters. This is
consistent with other studies'?'3. Hypogonadism is the
most frequent endocrine complication, mostly due to
gonadotrophins deficiency secondary to iron overload.
Sex steroid treatment for induction of puberty and/or
maintenance of sexual characteristics is necessary.
In some patients absence of pubertal development is
due to gonadotropin insufficiency, probably secondary
to previous
hypergonadotrophic hypogonadism due to the toxic
effect of chemotherapeutic agents on the gonads. Both
groups need hormonal replacement therapy.

iron overload; other patients exhibit

Regarding the menarche, in the present study, the
age of onset of menarche was delayed in 43 (86.0 %)
of patients in comparison to 5 (10.2%) of controls. This
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to another study in which 74% of thalassaemia patients
have delayed onset of menarche'. In a prospective
study on Indian thalassaemia patients by Gulati et al, it
was observed that 10 of 11 thalassaemia adolescents
had hypogonadism™. On the other hand, in a study
performed in an industrialized country, 28 out of 33
thalassaemia patients achieved normal puberty'”.

Table 4 shows the relation of serum ferritn levels
with delayed SMR and menarche. Serum ferritin was
observed to be an independent direct marker for the
delay in sexual maturation in both males and females.
This is in concordance with other studies which
concluded that patients with transfusion-dependent
thalassaemia major tend to have abnormal growth and
sexual maturation at puberty, presumably as a result of
pituitary iron overload (1®.

Further, it was observed that 100% of thalassaemia
with serum ferriitn levels above 5000 had delayed SMR
scores, whereas only 23% of those with serum ferritin
lower than 2000 had delayed SMR scores. Similar
observations were made in the female thalassaemia
patients. All females with ferritin above 5000mg/dI levels
showed delayed menarche (100%).

Thisisinspite ofnewertransfusionregimensforbeta-
thalassaemia, where in the pre-transfusion haemoglobin
concentration is not allowed to fall below 95 g/I. This
allows adequate control of anaemia, with a relatively
low rate of iron accumulation. Another study supports
our result and concluded that high serum ferritin levels
during puberty are a risk factor for hypogonadism, and
high serum ferritin levels during the first decade of life
predict final short stature'®.

Multiple endocrinopathies, includinghypogonadism,
hypothyroidism and diabetes mellitus, occur mainly in
patients who have high serum ferritin levels?°. Prognosis
for survival is greatly improved if the serum ferritin is
kept below 2000 ng/L by regular chelation, in chronically
transfused thalassaemia patients.
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Conclusion

We concluded that majority of children with B-
thalassaemia major attending thalassaemia wards at
both the centers had significant retardation of growth
pattern and delayed sexual maturity. Also, high serum
ferritin levels significantly contributed to delayed puberty
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