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Abstract

Thalassemia major is a genetic disorder and
blood transfusion is critical for survival in
these patients. Over the course of the past
three decades, hyper transfusion therapy in
these patients has shown has dramatically
extended life expectancy and improved quality
of life. Unfortunately, this type of therapy also
increased the incidence of complications due
to iron overload. The aim of this study was to
assess bone mineral density (BMD) in
patients with p-thalassemia major and to
determine their biochemical and hormonal
profiles that may affect BMD. A cross- section-
al study was carried out in Sanjay Gandhi —
PGIMS, a tertiary care hospital over period of 3
years on all p-thalassemia major patients
above 7 years receiving regular transfusion.
Patients with transfusion dependent anaemia
other than {3 thalassemia major were excluded.
Physical examination, laboratory tests and
bone density measurements were performed.
Then, the data were analyzed. The total num-
ber of children over 7 years of age with 3-tha-
lassemia major receiving regular blood trans-
fusions during the study period was 150. Mean
hemoglobin was 7.8+0.6g/dL and the mean
serum ferritin level 5295+2736 ng/mL. Short
stature was seen in 54.7% boys and 28.7% of
girls. Prevalence of lumbar osteoporosis and
osteopenia were 42.5% and 37.5%. Femoral
osteoporosis and osteopenia were present in
32.5% and 55% of the patients. Impaired puber-
ty, hypothyroidism, diabetes mellitus,
hypoparathyroidism were observed in 26%,
18%, 7%, and 15%, of patients, respectively.
Nearly 75% of patients had low bone mineral
density. Bone mineral density was significant-
ly associated with short stature (P=0.002),
hypogonadism (P=0.006), hypoparathyroidism
(P=0.038), hypothyroidism (P=0.044) and
vitamin D deficiency (P<0.001). High preva-
lence of complications among our tha-
lassemics signifies the importance of more
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detailed studies along with therapeutic inter-
ventions.

Introduction

Thalassemia is the most common mono-
genic disorder in the world.! Thalassemia
major (p-thalassemia) affects a significant
segment of the population in certain areas of
the world. Alterations in migration patterns
have changed the geographic distribution of
this disease and made it a worldwide health
problem with a high frequency in Africa, India,
Southeast Asia and the Mediterranean area.?

[-thalassemia is a group of recessively
inherited disorders of hemoglobin synthesis
characterized by reduced synthesis of the {3-
globin chain caused by a mutation. The
homozygous state results in severe anemia
which needs regular blood transfusion.® The
advent of safe transfusions and chelation ther-
apy has drastically prolonged the life of these
patients, thus transforming thalassemia from
a rapidly fatal disease of childhood to a chronic
illness compatible with a prolonged life.*
However, this hope brought with various com-
plications of repeated transfusions and iron
overload.

Thalassemia patients show a variety of bone
disorders including bone pain or deformity,
bone age delay, growth failure, rickets, scolio-
sis, spinal deformities, nerve compression,
pathologic fracture, osteopenia or osteoporo-
sis.>” Despite of regular transfusions and iron
chelation therapy in f-thalassemia patient’s
osteoporosis remains the most prevalent bone
complication.® Also, it is supposed that low
bone mass in patients with thalassemia is
more of a reflection of endocrine abnormali-
ties rather than hematological problems.’

Materials and Methods

The subjects were all patients with known [3-
thalassemia major (TM) with hemoglobin
electrophoresis and clinical manifestations
who had attended in patient department at
Department of Medical Genetics, Sanjay
Gandhi Post Graduate Institute of Medical
Sciences (SGPGIMS), Lucknow, India. The
diagnosis of thalassemia intermedia was
exclusion criteria of the study.

After enrollment, the subject’s medical his-
tory was documented by a review of previous
medical records. The subject interview ques-
tionnaire included items on demographics,
medical and surgical history (e.g. splenecto-
my), family history of endocrine complications
and medication usage. For female subjects,
menstruation history was also abstained. A
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medical record review was also done by the
research  coordinator  from  Hospital
Information System and by interviewing
patient’s, which included documentation of
transfusion and chelating history and recent
endocrine laboratory values.

The study protocol was approved by the ethics
committee of the SGPGIMS. Written informed
consent was obtained from parents or legal
guardian as age below 18 years and from the
subjects themselves over 18 years of age.

Anthropological measurement

Subjects were weighed using a digital scale
with light clothing without shoes (accuracy 0.1
kg). Height was measured in an upright posi-
tion without shoes by a stadiometer (accuracy
0.1 cm). Body mass index (kg/m?) was calculat-
ed by dividing body weight (kg) by the height
squared (m?).

Biochemical analysis

Serum calcium, phosphorus, alkaline phos-
phatase, albumin, and creatinine were meas-
ured by automated analyzer (Randox Ltd.,
London, UK). Serum calcium was corrected if
serum albumin was lower than 4 gm/dL.
Vitamin D was measured by enzyme linked
immunosorbent assay (IDS UK, Durley,
Hampshire, UK). Serum 250HD3 and intact
parathyroid hormone, thyroid stimulating hor-
mone were measured by commercially avail-
able kits. Hypovitaminosis D was defined as
per Lipps’ criteria: sufficiency >30 ng/mL,
insufficiency 20-30, deficiency 10-20, severe
deficiency <10 ng/mL.

Bone mineral density

Bone mineral density (BMD) of the lumbar
spine (L1-14), total hip and non-dominant
forearm was measured on dual X-ray energy
absorptiometry (DXA; Hologic, Inc., Bedford,
MA, USA) in patients greater than 12 years of
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age. Pediatric software was used for children
with a weight below 30 kg. The Z-score of BMD
at hip, lumbar spine and forearm was catego-
rized in three subgroups: i) normal: Z between
> -1 and above; ii) low bone mass: Z between
< -1 and -2; iii) severely low bone mass: Z
score below < -2.

Statistics

The data were analyzed using SPSS soft-
ware (IBM Corp., Armonk, NY, USA).
Correlation among variables was assessed
using chi-square and t-test. The patients expe-
riencing severe low bone mass were catego-
rized in subgroups and comparisons were done
among the subgroups by using chi-square of
fisher’s exact test. P-value less than 0.05
(P<0.05) was considered significant.

Results

One hundred fifty subjects (7-20 years old)
with p-thalassemia major undergoing regular
blood transfusion therapy were enrolled in the
study. The mean age of subjects was
16.66+5.45 years old. Study comprises of 83
males and 67 female thalassemic patients.
Short stature (height <5% percentile) was
present in 54.7% boys and 28.7% girls while
weight less than 5 percentile was present in
41.6% boys and 33.3% girls were found below
the 5% percentile. We found that 20% study
subjects had normal BMD whereas 37.5%
cases had Z score between 1.0 to -2.5 standard
deviation (SD) suggesting low BMD
(osteopenic). Z score was found below 2.5 SD
in 42.5% cases indicating osteoporosis at lum-
bar spine. An analysis of Spearman’s rank cor-
relation coefficient indicated a significant
influence of serum vitamin D on Z score of
BMD at lumbar spine in the studied group of
patients (r=0.422, P=0.031). Z score of BMD at
hips was found as normal, osteopenic and
osteoporotic in 12.5%, 55% and 32.5% respec-
tively. The osteopenia/osteoporosis were more
prevalent in the spine and there was no signif-
icant difference between sexes.

Biochemical hypocalcemia (s. total calcium
<8.5 mg/dL) was present in 27.5% subjects.
Hyperphosphatemia (s. Ip >5.5 mg/dL) was
present in 42.5% subjects. Serum creatinine
and serum albumin was found normal in all
cases. Vitamin D deficiency (s. 250HD,=10-20
ng/mL) and severe deficiency (<10 ng/mL)
was present in 80.6% and 12.9% subjects
respectively. Hypogonadism was the most com-
mon endocrine complication observed in 26%
patients following short stature (56.6% boys
and 27.7% of girls). Hypoparathyroidism was
found in 15% patients and hypothyroidism in
18% and 7% had diabetes mellitus of total.
Bone density was found to be significantly

associated with hypogonadism (P=0.006),
hypoparathyroidism (P=0.038), short stature
(P=0.002), hypothyroidism (P=0.044) and
vitamin D deficiency (P<0.001).

Discussion and Conclusions

Hypertransfusion regimens and early iron-
chelating therapy have improved the survival
of thalassemia major patients.! The marked
bone abnormalities previously described!! have
been substituted with less severe skeletal
lesions. Still, osteopenia with cortical thin-
ning, increased trabeculation of the spine and
severe osteoporosis remain serious complica-
tions in well-transfused and iron-chelated
patients.”? In particular, osteoporosis and bone
fractures tend to be present in a variable per-
centage of the patients from 20-33%.% Our
findings in a group of adult transfusion-depen-
dent patients show that the bone loss is a com-
mon feature in well-treated thalassemic
patients. Our study found similar results as
other previous studies which have reported
reduced bone mineral density of spine and hip
in over two thirds of the patients with -tha-
lassemia major and sickle cell disease®!416
from Israel, Italy, and Egypt. Therefore, bone
densitometry should be included in the period-
ical evaluation of patients with thalassemia in
order to help guide proper treatment in appro-
priate time.!”

Z-score of BMD at the lumbar spine was
found to be significantly lower in accordance
with previous studies that bone mineral loss is
more severe in the spinal column.!®2 The pos-
sible explanation behind this is differential
bone mineral loss can be the accelerated
hematopoiesis with progressive bone marrow
expansion, a process which involves the spine
more severely.

The etiology of thalassemia major-induced
bone mineral loss is multi-factorial and com-
plicated.?'? In concordance with previous
studies® present study suggest that there are
several significantly associated contributing
factors of low bone mass such as a patient’s
weight, age, duration of the disease, history of
hypogonadism or concurrent hypothyroidism
and diabetes.

In normal, peak bone mass is attained short-
ly after completion of puberty and is stable
until the third decade of life.???* Age-related
bone mineral loss initiates approximately just
after the age of 30 year*In contrary, in tha-
lassemics, this 0 starts earlier and with swift
progression. BMD Z-score significantly deteri-
orates with age, based on our study findings
and those of others.?*?>% There is possibility of
having high prevalence of endocrine complica-
tions at an early age due to suboptimal trans-
fusions and chelation therapy in patients with
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early age group. Quality of life is more strongly
affected in older patients. As it is well known
that in those patients whose lifespan is getting
longer, osteopenia and osteoporosis are major
causes of morbidity.?**" We have not observed
significant association between BMD and gen-
der is similar with Chapelon et al.’' and
Shamshirsaz et al®

Patient’s weight was a significant predictor
of BMD. Similar finding has been reported ear-
lier in various literature,2 who have shown
that body fat and lean mass were positive pre-
dictors for BMD Z-scores following adjustment
for possible confounding factors such as trans-
fusion status, age, sex, ethnicity, calcium
intake, and baseline physical activity. It seems
that there is a general consensus regarding
the protective effects of maintaining normal
body weight for BMD. In accordance with our
study findings, most previous reports found
that a patient’s height is also a significant pre-
dictor of BMD.23:2628

Present study showed that lower BMD values
are associated with history of hypothyroidism,
gonadal dysfunction or impaired puberty which
reflects that low BMD values are found more com-
monly in the background of endocrinopathies.
According to some authors?27% gonadal dysfunc-
tion probably has the most dominant role in the
pathogenesis of bone disease in thalassemia
major. So, for normal bone health can be
attained by management of endocrine compli-
cations. Christoforidis et al.*2 also stated that
management of possible endocrine complica-
tions is crucial in order to protect normal bone
health during adulthood.

Sex steroid not only plays crucial role in
maintaining acquisition of bone mass during
adolescence but also for the maintenance of
peak bone mass during adulthood.*
Hypogonadism is mostly observed in tha-
lassemics and therefore they lack sex hormones
in critical phases of growth, such as puberty,
this hinders in achieving optimal peak bone
mass. Short stature seemed to be more preva-
lent among our patients compared to other stud-
ies.* It has been emphasized that thalassemic
patients are often hypogonadal and therefore
the lack of sexual hormones in critical periods,
such as puberty, contributes to the failure to
achieve optimal peak bone mass and to main-
tain bone mineral density later in life.264%

In an Italian study reported delayed puberty
in 47% of females and 51% of males, arrested
puberty in 12.6% of females and 15.7% of
males, and secondary amenorrhea in 25% of
adult females.” Short stature (56.6% boys and
27.7% of girls) were also the most prevalent
endocrine disorder in our study, which were
followed by hypogonadism (26%), hypothy-
roidism (18%) hypoparathyroidism (15%) and
diabetes mellitus (7%).

Vitamin D deficiency may start early in TM
even before hypoparpthyroidism is estab-

[page 17]



lished. Vitamin D deficiency potentially con-
tributes to low bone mass in thalassemia.
Vitamin D deficiency (s.250HD;=10-20
ng/mL) and severe deficiency (<10 ng/mL)
was present in 80.6% and 12.9% subjects
respectively.

In conclusion endocrine evaluation in tha-
lassemic patients must be carried out regular-
ly, especially during adolescence and puberty.
As of the improved survival of thalassemic
patients, and the high incidence of multiple
endocrine complications, it is important to
carry out careful follow-up studies for the early
detection of any other associated complica-
tions to facilitate precise treatment.

The present study showed a high prevalence
of low BMD in thalassemia, suggesting that
they should be targeted for bone density
screening periodically and osteoporosis pre-
vention before permanent end organ bone
damage occurs. The disagreements on the pos-
sible role of different underlying factors or pre-
dictors indicate towards the necessity of fur-
ther studies in order to unveil the actual patho-
physiological brass tacks behind this serious
complication of thalassemia major.
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