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Abstract Bone mineral density (BMD) seems not to be
decreased in young patients given long-term suppressive
doses of levothyroxine (LT,), but information regarding the
bone microstructure in these patients is lacking. The aim of
this study was to determine whether supraphysiologic doses
of LT,, initiated during childhood or adolescence for treat-
ment of differentiated thyroid carcinoma (DTC), have any
detrimental effects on bone microarchitecture as evaluated
by high-resolution peripheral quantitative computed tomog-
raphy (HR-pQCT). Seventeen patients (27.3 £ 7.1 years
old) with DTC with subclinical hyperthyroidism since ado-
lescence and 34 healthy volunteers matched for age, sex,
and body mass index were studied by dual-energy X-ray
absorptiometry (DXA) to determine the areal BMD at the
lumbar spine, hip, and proximal third of the radius. Volu-
metric BMD and structural parameters of the trabecular
and cortical bone were assessed by HR-pQCT of the distal
radius and distal tibia. DTC patients were given suppres-
sive doses of LT, starting at a mean age of 12.6 years, and
the mean duration of treatment was 14.2 years. In DTC
patients, clinical parameters did not correlate with DXA or
HR-pQCT parameters. No differences were found between
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the patients and controls with respect to BMD and Z scores
at any site evaluated by DXA, and no differences were
found in the bone microstructure parameters evaluated by
HR-pQCT. This cross-sectional study suggests that long-
standing suppressive therapy with LT, during the attain-
ment of peak bone mass may have no significant adverse
effects on bone density or microarchitecture.
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Introduction

Differentiated thyroid carcinoma (DTC), both papillary and
follicular, is rare in pediatric patients, with an incidence
between 2.6 and 12.9 % [1]. Primary treatment comprises
thyroidectomy followed by radioiodine ablation and supra-
physiologic doses of levothyroxine (LT,) with the purpose
of suppressing serum TSH and therefore inhibiting the
growth of residual neoplastic tissue and preventing pro-
gression of thyroid cancer and relapse. Despite increased
relapse-free survival, long-term subclinical hyperthyroid-
ism may be related to side effects on bone mineral density
(BMD) and cardiac function, especially in the elderly [2].

TSH-suppressive therapy has not been associated with
decreased BMD in premenopausal women and men as
evaluated by dual-energy X-ray absorptiometry (DXA)
[3-6]. A study with young patients also did not suggest a
detrimental effect of LT, on the attainment of peak bone
mass [7]. However, DXA is based on a two-dimensional
interpretation of a three-dimensional structure, and cannot
evaluate bone microarchitecture.

To our knowledge, no study has addressed whether sup-
pressive doses of LT, for treatment of thyroid cancer, initi-
ated before the attainment of peak bone mass, affects the
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three-dimensional microstructure of bone using the new
technique of high-resolution peripheral quantitative com-
puted tomography (HR-pQCT), and this is the purpose of
our study.

Materials and methods

This cross-sectional observational study was conducted
from December 2011 until July 2012 in non-Caucasian
patients with DTC by the National Institute of Cancer in
Rio de Janeiro, Brazil. The strict selection criteria were
as follows: (1) age 20-50 years, and all women needed
to have regular menses; (2) diagnosis and surgical treat-
ment of DTC before age 16 years; (3) treatment with LT,
at suppressive doses for at least 5 years before entry to the
study. All patients underwent total thyroidectomy plus '3'I
ablation and were counseled to maintain suppressive LT,
therapy. They were reevaluated two to three times per year,
and LT, doses were adjusted to maintain serum TSH lev-
els under 0.1 mU/] and free thyroxine (FT,) levels within
the normal range. Age- and sex-matched healthy individu-
als, who did not have a history of thyroid dysfunction and
had serum TSH levels within the reference range, were
recruited as a control group. The exclusion criteria for
all participants were as follows: pregnancy, alcoholism,
chronic gastrointestinal diseases, renal or hepatic impair-
ment, and exposure to medications that affect bone (anti-
convulsants, glucocorticoids, or antiosteoporotic drugs).
The National Institute of Cancer and the Federal University
of Rio de Janeiro ethics committees approved the study,
and all participants provided informed consent.

Body mass index (weight divided by the square of
height) was calculated. Serum TSH levels were measured
in the control group to confirm normality. In DTC patients,
mean serum TSH and FT, levels during the last 5 years of
follow-up were recorded for analysis. TSH and FT, were
measured using third-generation chemiluminescent immu-
nometric assays (Immulite® 2000; Siemens Healthcare,
Camberley, UK); the reference ranges were 0.4—4.0 pIU/ml
and 0.8-1.9 ng/dl, respectively.

The BMD at the lumbar spine (L1-L4), femoral neck,
total femur, and proximal third of the radius of the nondom-
inant arm was measured by DXA with a Prodigy-GE densi-
tometer (GE Lunar Prodigy Advance; GE Healthcare, Mad-
ison, WI, USA). BMD was expressed in absolute values (g/
cm?) and as standard deviations (SD) from the expected
BMD for the age-matched population (Z score) according
to the National Health and Nutrition Examination Survey
IIT (NHANES III) database. The criteria for low bone mass
for age was a Z score of —2 SD or lower [18]. The coef-
ficient of variation for the BMD measurements in normal
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subjects at our institution is 1.5 % in the lumbar spine and
1.8 % in the femoral neck.

The volumetric BMD and the microarchitecture were
measured in the nondominant distal radius and the distal
tibia using a three-dimensional HR-pQCT system (Xtrem-
eCT; Scanco Medical, Briittisellen, Switzerland). This sys-
tem uses a two-dimensional detector array combined with a
0.08-mm point-focus X-ray tube, thus making possible the
simultaneous acquisition of a stack of parallel computed
tomography slices with a nominal resolution (voxel size) of
82 um. From each skeletal site, 110 slices were obtained,
and these produced a three-dimensional representation of
approximately 9 mm in the axial direction. An anteroposte-
rior scout view was used to define the measured region, and
a reference line was manually placed at the endplate of the
radius and tibia. The first computed tomography slice was
9.5 and 22.5 mm proximal to the reference line for the dis-
tal radius and the distal tibia, respectively. The attenuation
data were converted to equivalent hydroxyapatite densities.
The scans were evaluated and excluded if motion artifacts
were discovered.

The outcome variables that were used in our analysis
included the volumetric BMD (grams of hydroxyapatite
per cubic centimeter) for the entire, trabecular, and corti-
cal regions; the cortical thickness (CtTh; mm); and the
trabecular bone volume (BV) fraction [ratio of BV to total
volume (TV); %], trabecular thickness (TbTh; mm), tra-
becular number (TbN; mm’l), trabecular separation (TbSp;
mm), and SD of the TbSp (mm). TbN is defined as the
inverse of the mean distance between the midline of the tra-
beculae. TbTh and TbSp are calculated on the basis of TbN
and the derived BV/TV [i.e., TbTh = BV/TV/TbN and
TbSp = (1 — BV/TV)/TbN]. For the cortical region, the
mean CtTh was calculated as the cortical volume divided
by the outer bone surface. The reproducibility of density-
based measurements is generally less than 1 %, and is typi-
cally between 3 and 5 % for bone structure parameters [8].

Statistical analysis

Data were analyzed using SPSS for Mac OS, version 20
(SPSS, Chicago, IL,USA) and are expressed as the mean +
SD. The Kolmogorov—Smirnov test was performed to ana-
lyze the distribution pattern of numerical variables. The
groups were compared using an unpaired ¢ test or a Mann—
Whitney U test, as appropriate. The Spearman rank-order
test was performed to evaluate the correlations between
clinical parameters (age at onset of TSH-suppressive ther-
apy, duration of subclinical hyperthyroidism, and mean
TSH levels) and all DXA and HR-pQCT parameters. A
level of 0.05 or below was considered significant in all sta-
tistical procedures.
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Results

Among the 830 patients with DTC regularly seen in the
National Institute of Cancer in Rio de Janeiro, 65 under-
went surgery before they werel6 years old. Twenty-three
DTC patients fulfilled the inclusion criteria, and six were
excluded (one was pregnant, one had uncompensated
hypoparathyroidism and used LT, irregularly, and four
refused to participate). Therefore, the DTC group com-
prised 16 patients with papillary carcinoma and one
patient with follicular carcinoma. Fifteen of the patients
were women and two were men, aged 2042 years
(mean 27.3 £ 7.1 years) at the start of the study. They
were given TSH-suppressive therapy starting at a mean
age of 12.6 &+ 2.2 years, and therapy was maintained for
14.2 £ 7.2 years. The minimal and maximal LT, doses to
achieve effective TSH suppression were 1.98 and 3.64 pg/
kg/day, respectively. The mean TSH and FT, levels in the
last 5 years were 0.17 = 0.16 ulU/ml, and 1.59 =+ 0.14 ng/
dl, respectively. The control group comprised 34 healthy
individuals (31 females and 3 males, aged 20-43 years).
None of the participants were taking calcium or vitamin D
supplements.

No differences were found between DTC patients and
controls concerning age, anthropometric data, and densito-
metric data, even after the exclusion of the male patients.
None of the participants, regardless of the group, had
lower than expected BMD at any site evaluated by DXA
(Table 1).

No significant correlations were found between age at
onset of TSH-suppressive therapy, duration of subclinical

Table 1 Anthropometric, biochemical, and densitometric data of 17
differentiated thyroid carcinoma (DTC) patients and 34 healthy con-
trols

DTC patients Controls p
Age (years) 274+64 299 £ 6.4 0.19
BMI (kg/m?) 234+38 249 +3.8 0.27
TSH (uIU/ml) 0.16 £ 0.22 1.79 £ 0.96 <0.001
LS BMD (g/cm?) 1.204 £ 0.14 1.183 £ 0.12 0.76
LS Z score 0.15+£1.02 —0.19 £ 1.01 0.20
FN BMD (g/cm?) 1.058 £0.17 1.029 +0.13 0.72
FN Z score 024 £1.13 —0.04 £0.88 0.70
TF BMD (g/cm?) 1.068 £ 0.15 1.038 £ 0.93 0.24
TF Z score 0.5+ 1.15 0.11 £ 1.50 0.37
R33% BMD (g/cm?) 0.825 £ 0.07 0.860 £ 0.08 0.20
R33% Z score —0.42 £ 0.69 —0.43 £0.74 0.84

The data are the mean =+ standard deviation

BMD bone mineral density, BMI body mass index, FN femoral neck,
LS lumbar spine, R33% proximal third of radius, TF total femur

hyperthyroidism, and mean TSH levels in the last 5 years
and bone parameters namely, absolute BMDs, BMD
Z scores, and HR-pQCT data, even after the exclusion of
the male patients.

Microstructure parameters did not significantly dif-
fer between groups, even after the exclusion of the male
patients (Table 2).

Discussion

This is the first study to evaluate whether suppressive doses
of LT, initiated during adolescence to treat DTC affect
BMD as well as bone microarchitecture using HR-pQCT.
The hypothesis was that the subclinical hyperthyroidism in
childhood and adolescence could limit the acquisition of
optimal peak bone mass. The results confirm no effect on
BMD or bone structure.

Childhood and adolescence are periods of rapid skeletal
growth and bone mineral accrual, through modeling and

Table 2 Bone microarchitecture evaluated by high-resolution periph-
eral quantitative computed tomography at the distal radius and dis-
tal tibia in 17 differentiated thyroid carcinoma (DTC) patients and 34
healthy controls

DTC patients Controls P
Tibia
D100 (mg HA/cm?) 319.5+£499 323.0 +£56.0 0.90
Dcomp (mg HA/cm®) 9432 4+ 32.6 920.3 £ 152.2 0.77
CtTh (um) 1.20£0.17 1.19£0.26 0.97
Dtrab (mg HA/cm®) 169.5 £ 31.1 169.3 £+ 40.7 0.64
BV/TV (%) 0.14 +0.03 0.14 +0.03 0.64
TbN (1/mm) 1.82 +0.30 1.79+0.43 0.91
TbTh (mm) 0.08 £ 0.01 0.08 £0.02 0.66
TbSp (mm) 0.49 £0.10 0.53 £0.27 0.93
TbSp 1/N SD (mm) 0.22 +0.08 0.22 £ 0.06 0.64
Radius
D100 (mg HA/cm?) 333.6 £ 44.7 316.8 +49.9 0.30
Dcomp (mg HA/cm®)  945.2 4+ 225.2 900.0 £ 66.5 0.08
CtTh (um) 0.81 £0.15 0.74 +0.2 0.08
Dtrab (mg HA/cm®) 162.6 +26.1 168.1 £ 40.8 0.97
BV/TV (%) 0.14 £ 0.02 0.15 £ 0.05 0.62
TbN (1/mm) 1.95+0.22 1.91 £ 0.39 0.99
TbTh (mm) 0.70 £ 0.01 0.77 £ 0.01 0.54
TbSp (mm) 0.45 £ 0.06 0.46 £0.10 1.00
TbSp 1/N SD (mm) 0.18 £ 0.04 0.19 £ 0.05 0.76

Data are the mean £ standard deviation (SD)

BV/TV trabecular bone volume to tissue volume, CtTh cortical thick-
ness, D100 average bone density, Dcomp cortical density, Dtrab tra-
becular density, HA hydroxyapatite, ThN trabecular number, T7bSp
trabecular separation, 7bSp 1/N SD inhomogeneity of network, ThTh
trabecular thickness
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remodeling. In childhood, bone acquisition occurs slowly,
whereas the greatest acquisition of bone occurs during
puberty: approximately 85-90 % of final adult bone mass
is acquired before the age of 20 years [9]. After this peak,
BMD remains relatively stable in men and until menopause
in women [10]. A lower than expected bone mass during
puberty contributes to osteoporosis in later life [9, 10].

Overt hyperthyroidism is clearly detrimental to bone.
Osteoporosis has traditionally been attributed to the high
circulating levels of thyroid hormone and results from
high bone turnover, with a disproportionate increase in
bone resorption compared with bone formation. Studies in
both adults [11, 12] and children [13, 14] with untreated
hyperthyroidism demonstrated significantly decreased
BMD compared with the levels in healthy controls. In these
patients, decreased BMD occurs particularly in areas rich
in cortical bone [14—16]. However, the skeletal effects of
subclinical hyperthyroidism are a matter of debate.

Previous studies in patients with well-differentiated thy-
roid cancer receiving suppressive LT, therapy have shown
conflicting results: no decrease in BMD at any age [5, 6],
bone loss only in postmenopausal women [17], or delete-
rious effects in both premenopausa and postmenopausal
patients [18, 19]. Systematic reviews of BMD in these
patients have reported diverse conclusions [3, 4].

There are very few data addressing subclinical hyperthy-
roidism and bone mass in pediatric patients. Radetti et al.
[20] showed a significant reduction of bone mineral con-
tent in 20 children and adolescent girls taking high doses
of LT, (120 ug/m*/kg) for 6-96 months for nontoxic goiter,
Hashimoto’s thyroiditis, or thyroid cancer compared with
controls. On the other hand, 1 year of therapy with LT, in
doses of 1.2-1.5 mg/kg (adjusted to keep TSH levels in the
normal to low range and FT, levels in the normal to high
range) had no negative impact on bone density and remod-
eling in a group of 21 adolescent girls with euthyroid dif-
fuse goiter [21]. In the last two studies, the patients were
younger than 20 years and had not yet achieved peak bone
mass. Our results agree with those of Poomthavorn et al.
[7], who reported no detrimental effect on peak bone mass
attainment in 18 young adults receiving suppressive doses
of LT, during adolescence for Hashimoto’s thyroiditis and
euthyroid goiter.

Published data on bone microarchitecture and hyperthy-
roidism are limited. Histomorphometric analyses of iliac
crest biopsy specimens in 22 hyperthyroid patients demon-
strated a preponderance of osteoclastic resorption in corti-
cal bone, leading to an increase of cortical porosity, which
improved after 4 months of antithyroid medication. The
amount of trabecular bone was unchanged [15].

Quantitative computed tomography (QCT) is a three-
dimensional tool for imaging bone density that permits the
investigator to distinguish between cortical and trabecular
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bone. Two studies assessed bone mass in patients with
hyperthyroidism using QCT. Numbenjapon et al. [14]
assessed 18 children and adolescents using QCT performed
before the start of antithyroid therapy, and showed that cor-
tical bone density was significantly lower in the patients
than in the controls. In another study, Numbenjapon et al.
[16] studied 15 children and adolescents undergoing treat-
ment with antithyroid medication and analyzed them with
QCT before treatment and 1 and 2 years after treatment;
they demonstrated a significant improvement and nor-
malization of cortical bone density after 1 and 2 years,
respectively.

HR-pQCT is a new medical imaging tool that evalu-
ates the bone microstructure at the distal radius and distal
tibia, and it is thus considered to be a virtual bone biopsy.
Its allows the measurement of volumetric BMD and details
of the trabecular and cortical bone components, such as
trabecular BV fraction (BV/TV), TbTh, TbN, TpSp, and
CtTh. HR-pQCT has been used to identify modifications
of the bone structure that are not captured by BMD meas-
urements [8]. For these reasons, we believe that HR-pQCT
would be able to detect early and discrete alterations in the
bone microarchitecture of the young patients included in
our study.

Our study had certain limitations. The cross-sectional
study design did not allow us to ensure that all patients
maintained adequate TSH suppression during the critical
period of peak bone mass acquisition. Owing to the rarity
of DTC in the pediatric population, the sample size was
small, which may have made a beta error in data interpre-
tation. We thus speculate if the alterations in cortical bone
microstructure would be significant in larger samples.

In conclusion, the present study shows that long-stand-
ing TSH suppression for treatment of DTC since childhood
or adolescence may have no significant adverse effects on
bone density accrual or bone microarchitecture. More pro-
spective studies are needed to confirm these findings.
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