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Objective: This study aimed to detect metabolic bone disease and endocrinopathies in a
cohort of patients with transfusion-dependent thalassemia (TDT). Methods: This
prospective study was conducted between March 2020 - August 2021. Children with TDT
older than 5 years, receiving regular blood transfusion, underwent comprehensive
endocrine and metabolic bone disease evaluation, which included screening for short
stature, delayed puberty, diabetes mellitus, hypothyroidism, adrenal insufficiency and
hypoparathyroidism. Children older than 10 years also underwent. X-ray of thoracolumbar
spine, and dual energy X-ray absorptiometry (DXA) scanning. Results: Out of 37 patients
(19 males), with mean (SD) age 15 (6) years, hypogonadism was the commonest
endocrine deficiency seen in 15 (62%), followed by short stature, abnormal glucose
metabolism, subclinical adrenal insufficiency, hypothyroidism, and hypoparathyroidism.
Vitamin D insufficiency/deficiency was seen in 12 (60%) and hypocalcemia in 2 patients.
Low bone mass was seen in 8, and osteoporosis, as evidenced by vertebral fractures, in 4
patients. Of the four patients with vertebral fracture, three were aged <18 years, one was
symptomatic, two each had grade 1 and grade 2 fractures, one had multiple vertebral
fractures, and all four had hypogonadism and multiple endocrine deficiencies. Conclusion:
Vertebral fractures occur even in the second decade among patients with TDT, and are
often associated with endocrinopathies, most commonly hypogonadism. Early screening
and prevention of vertebral fractures is necessary.
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hronic endocrinopathies are one of the

commonest comorbidities reported in patients

with  transfusion-dependent  thalassemia

(TDT), especialy with increasing age.
Metabolic bone disease (MBD) is also a magjor health
concerninthisgroup of patients[1,2], withamuch higher
rate of traumatic and non-traumatic fractures[3,4]. Thisis
due to several factors, many of them preventable,
including vitamin D deficiency, inadequate physical
activity, and endocrinopathies [1]. While several studies
from Indiahave examined other endocrinedeficienciesin
thalassemia, |ess attention has been paid to bone health.
Prevention is often neglected because of lack of
awareness and lack of facilitiesto test. We undertook this
study to examine the burden of poor bone health in our
population, and whether the current guidelines for age at
complication screening are sufficient.

METHODS

This study was conducted in the Department of
Paediatrics, Kasturba Medical College, Manipal, from
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March, 2020 to August, 2021. Thirty-seven patients, aged
more than five years with TDT, who were on regular
transfusion were included in the study. Clearance from
institutional ethics committee and consent and/ or assent,
as applicable, were obtained before recruitment. During
admission for blood transfusion, these patients under-
went evaluation for underlying endocrine and metabolic
bone disease. Thisincluded detailed history, and physical
examination, particularly lookinginto growth and puberty.

Invited Commentary: Pages910-11.

The height, weight, and body mass index (BMI) of all
participants were measured by standard techniques and
wereinterpreted against Indian standards[5]. All patients
underwent screening for underlying delayed puberty,
diabetes mellitus, hypothyroidism, adrenal insufficiency,
and hypoparathyroidism. Twenty patients, older than 10
years, also underwent screening for metabolic bone
disease, which included serum 25(OH) vitamin D, X-ray
thoraco-lumbar spine, dual energy X-ray absorptiometry
(DXA) scan of lumbar spine.
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Short stature was defined as height <-2SDS (standard
deviationscore) [1]. Girlswith breast stage 1 after 13 years
of age, or boyswithtesticular volume<4 mL after 14 years
of age were diagnosed to have delayed puberty. Among
children who are already into puberty, failureto progress
to the next Tanner stage in 6 months was labelled as
arrested puberty. Patients without any sign of puberty
beyond 16 years were diagnosed to have hypogonadism
[1]. For thisreport, we used hypogonadism asan umbrella
termtorepresent delayed/arrested puberty and hypogona-
dism, asall these entitiesrepresent the same pathophysio-
logical processes at various ages. Diagnoses of impaired
glucose tolerance, impaired fasting glucose, diabetes
mellitus, hypothyroidism, adrenal insufficiency, hypopara-
thyroidism, and vitamin D deficiency were made as per
standard guidelines[6-8].

Lateral X-ray of thethoracolumbar spinewastakenin
patientsolder than 10 years. Anterior, middle and posterior
heightsof thevertebral bodiesfrom T6-L4 weremeasured,
and whenever the vertebral height ratio was <0.8, a
diagnosis of vertebral fracture was entertained, as per
Genant semi-quantitative method [9,10]. DXA scan of the
lumbar spine was done in the same patients, using the
Hologic Horizon W (SN303088M) machine, and BMD was
interpreted asper International Society for Clinical Densi-
tometry (ISCD 2019) criteria, after adjusting for height [11].

Hormonal assayswere performed using commercially
availabledectrochemiluminescenceimmunoassay (ECLIA)
kits, while calcium, phosphorous, alkaline phosphatase
were tested by spectrophotometric methods and plasma
glucose by hexokinase method.

Satistical analysis: EZR software version 3.2 (http://
cran.r-project.org/web/packages/Rcmdr/index.html)
was used for checking normality of dataand dataanalysis.

Table | Baseline Characteristics of Children With
Transfusion-Dependent Thalassemia (N=37)

Parameter Value
Ageat enrollment (y) 15(6)
Male? 19(51)
Weight SDS -1.66 (0.94)
Height SDS -1.28(1.35)
Body massindex SDS -1.28(0.84)
Pre-transfusion hemoglobin (g/dL) 7.05(0.95)
Transfusionindex (mL/kgly) 137(34.97)
Deferasirox dose (mg/kg/d) 15.68(9.1)
Serumferritin (ng/mL)P 2000 (1010, 3237)
<2000 17 (45)

21

RESULTS

The baseline characteristics of participants (n=37) are
described in Table |. Data of metabolic bone disorder
(patientsolder than 10 years, n=20) and endocrinopathies
(n=37) aregiveninTablel . Backache and bonepain was
seen in one patient, and low vitamin D (insufficiency/
deficiency) was noted in 12 (60%) patients; two of these
had hypocalcemia and one had hypoparathyroidism.
Lateral thoracolumbar X-ray revealed the presence of
vertebral fracture (3 biconcave, 1 crush) in four (20%)
patients, two each had grade 1 and 2 fractures. None of the
patientswith vertebral fractureshad ahistory of significant
trauma. Two patientswho had vertebral fractureswere 16-

Table Il Metabolic Bone Disease and Endocrinopathies in
Children With Transfusion-Dependent Thalassemia (N=37)

Parameter Value (%)
Metabolic bonedisease, n=20
Vitamin D status?
Sufficient 8(40)
Insufficient 6(30)
Deficient 6(30)
Vertebral fractures 4(20)
Bonemineral density status
Normal 8(40)
Low bonemass 8(40)
Osteoporosis 4(20)
Endocrinedeficiency, n=37
Hypogonadism, n=24 15(62)
Male 10(66)
Short stature 12(32)
Severeshort stature 3
Proportionate 3
Disproportionate 9
Abnormal glucosemetabolism 10(27)
Impaired fasting glucose 5(50)
Impaired glucosetolerance 3(30)
Diabetesmellitus 2(20)
Adrend insufficiency 9(25)
Primary 1
Secondary 8
Hypothyroidism 5(13)
Subclinica 3
Overt primary 1
Secondary 1
Hypoparathyroidism 12
At least one endocrinopathy 25(67)
Multiple endocrinopathies 13(35)

All values in mean (SD), @no. (%) or Pmedian (IQR). SDS — standard
deviation score.
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3serum 25-OH vitamin D: sufficiency, >20ng/mL, insufficiency, 12-
20ng/ mL, deficiency, <12ng/ mL.

VoLUME 59—DECEMBER 15, 2022



22

METABOLIC BONE DISEASE IN THALASSEMIA

WHAT THIS STUDY ADDS?

* We report high prevalence of asymptomatic vertebral compression fractures and osteoporosis among
adolescents and young adults with transfusion-dependent thalassemia.

year-old with concurrent hypogonadotropic hypogo-
nadism, short stature and IFG. Another 18-year-old with
vertebral fracture had DM, hypogonadotropic hypogona
dism, and vitamin D insufficiency. A 27-year-old malewith
hypogonadism, hypocalcemia, hypoparathyroidism and
vitamin D insufficiency had multiple biconcave fractures
from L4-L5. Among those with vertebral fractures, two
each had normal and low BMD z-scores. WhenBMD and
vertebral fractures were analyzed together, we observed
low bonemassin 8 (40%) children, and osteoporosisinthe
four (20%) patients who had vertebral fractures, after
adjusting for age, sex and height.

Twenty-five (67%) patientshad at |east oneendocrino-
pathy, and 13 (37%) had multiple deficiencies. A seven-
year-old male child, the youngest to have any endocrine
deficiency, had impaired fasting glucose and secondary
adrenal insufficiency. A 21-year-old male had four endo-
crinedeficiencies(short stature, hypogona-dism, diabetes
mellitus, secondary adrenal insufficiency).

Hypogonadism was the commonest endocrinopathy,
followed by short stature, impaired glucose metabolism,
adrenal insufficiency, impaired thyroid function and
hypoparathyroidism. Among the 12 (32%) participants
with short stature, 9 (75%) had disproportionate short
stature (short upper segment: 8, short lower segment: 1),
three had vertebral compression fractures. All the 12
patients with adrenal insufficiency were asymptomatic,
withthe8AM cortisol being significantly low (<5 mcg/dL)
in only three patients, and another six patients were
diagnosed by a stimulation test.

DISCUSSION

Magjor findings of our study are the high prevalence of
vertebral fragility fracturesand low BMD, and early onset
and high prevalence of multiple endocrine deficiencies,
especialy adrenal insufficiency.

Metabolic bone disease in TDT mostly affects
vertebral bodies leading to vertebra fractures. However,
vertebral fracturesaremostly asymptomatic, making active
screening theonly way for early recognition and treatment
[2,10]. The reported prevalence of vertebral fractures
rangesfrom 2-14%inthefew studiesavailable, mostly in
adults[4,10]. Earlier Indian studieswere mostly limited to
self-reporting of long bone fractures, and BMD was
reported without adjusting for height and vertebral
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fracture status[2,3]. Recently, astudy from Pune[4], which
examined 179 childrenwith TDT, found 21% asymptomatic
long bone fractures and 4.5% vertebral fractures.
However, BMD, pubertal status, or the presence of other
endocrinopathies, which canimpact bone health, were not
reported in this study.

Wefound thevertebral fracture prevalence (20%) to be
higher than in previous reports from India. Three of the
four patients were under 18 years of age, unlike previous
studies. Except for one, al others with fractures were
asymptomatic, reiterating the need for active screening. Al
four patientshad multiple endocrine deficienciesincluding
hypogonadism. In an overburdened system like our
country, meeting the ideal transfusion and serum ferritin
targetsis difficult, thus anemia and poor chelation, with
resulting morbidity, including MBD, islikely to becommon.
Asper ISCD guidelines[11], vertebral fracturesaloneare
sufficient to diagnose osteoporosis, in the absence of
traumaor local pathology. Inour situation, carefully done
X-raysof thelumbar spine, which are possibleto do across
the country, can helpinearly screening (after age 10 years)
and detection of vertebra fractures. Where BMD is
feasible, it will add to the overall assessment of bonehealth,
but should be interpreted only after correcting for height
and considering fracture history. BMD can till be normal
in spiteof vertebral fracture, asseenintwo of our patients.
A diagnosis of osteoporosis on uncorrected densitometry
criteria alone, in the absence of vertebral or long bone
fracturesmay beinappropriate[11]. Vitamin D deficiency,
hypogonadism, and hypothyroidism areall knownto have
significant del eterious effects on bone health. They all can
be easily and conveniently identified and corrected
without much expense. Wherever patients with thala-
ssemiaare being treated, regular clinical screening at the
time of transfusionsfor growth and pubertal staging must
be emphasi zed. Regular supplementation of vitamin D and
timely gonadal replacement would help improve bone
mineral accrud.

Another important aspect of our study is early onset
and high prevalence of multiple endocrinopathies and
adrenal insufficiency compared to earlier reports [13].
Subclinical adrenal insufficiency among TDT patients
varieswidely (0-45%) [1,14], with very limited datafrom
India. Despite the small sample size and wide age-range,
thehigh prevalence (25%) in our patientsisintriguing, and
suggests need for routine testing. The incidence of other
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endocrine deficiencies in our cohort is comparable with
existing literature[13]. Disproportionate short staturewas
common, perhaps due to vertebral compression fracture,
thediseaseitself, or direct irontoxicity of vertebrae.

Endocrine evaluation from a young age, and
comprehensive MBD screening with serum vitamin D,
BMD and vertebral fracture assessment arethe highlights
of our study. Lack of detailsabout dietary intake of calcium-
protein, physical activity which and unavailability of
growth hormonestimulation test arelimitation of our study.

The high and early occurrence of asymptomatic
vertebral fracturesin TDT underlines the need for early
screening for vertebral fractureswith at least spinex-rays.
Wherever, BMD is estimated, interpretation of data must
take into account, height of the patient and history of
fracture. The finding of vertebral fractures being usually
associated with hypogonadism and other endocrine
deficiencies emphasizes the urgent need for greater
awarenessand timely preventive strategies.
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