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Abstract
Introduction Thyrotropin stimulating hormone (TSH) suppression in patients with differentiated thyroid cancer (DTC) aims 
to decrease the growth and proliferation of thyroid cancer cells. However, the effect of TSH-suppressive therapy on bone 
microarchitecture remains undefined.
Methods Cross-sectional study including 43 women with DTC undergoing TSH-suppressive therapy (sTSH) compared to 
20 women also on levothyroxine (LT4) therapy but with TSH in the low-normal range (nTSH) since the thyroid surgery. 
Bone mineral density (BMD) was measured by dual-energy X-ray absorptiometry (DXA), and trabecular bone score (TBS) 
was evaluated using the TBS iNsigth software. Fracture risk assessed by FRAX, with and without TBS, was calculated. The 
relationship between suppressive therapy-related parameters and bone parameters was investigated.
Results The TBS mean values were not significantly different in the sTSH and nTSH groups (1.273 ± 0.12 vs 1.307 ± 0.14, 
p = 0.7197). In both groups, postmenopausal women had degraded microarchitecture (TBS 1.216 ± 0.11 vs 1.213 ± 0.09, 
p = 0.9333), while premenopausal women had normal microarchitecture (1.328 ± 0.11 vs 1.401 ± 0.12, p = 0.195). The per-
centage of all postmenopausal women with degraded TBS was 54.7%, while the percentage of osteoporosis diagnoses was 
16.1%. The TBS-adjusted FRAX-probability of fracture was similar in sTSH and nTSH groups. Body mass index (BMI) 
and menopausal status were the only variables associated with TBS and BMD.
Conclusion Trabecular microarchitecture assessed by TBS was similar between women on long-term suppressive therapy in 
DTC and those on LT4 replacement therapy aiming at a TSH level within the low-normal reference range. Low TBS values 
were observed in postmenopausal women of both groups, suggesting that not only suppressed TSH levels but also a low-
normal TSH is associated with deteriorated bone microarchitecture in postmenopausal women following total thyroidectomy.
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Introduction

Differentiated thyroid cancer (DTC) is the most common 
endocrine malignancy worldwide, with an incidence that has 
increased by 300% over the last 3 decades [1]. After initial 
surgical treatment, suppressive therapy with levothyroxine 
(LT4) is often recommended, since the chronic reduction 
in levels of the thyrotropin-stimulating hormone (TSH) can 
inhibit the growth of residual neoplastic tissue and lead to 
regression of possible lymph node metastases [2]. How-
ever, there is a growing concern about the negative effects 
of prolonged maintenance of TSH suppression, especially 
the increased risk of osteoporosis and fractures [2, 3]. Thy-
roid hormones play a critical role in skeletal development, 
on the acquisition of peak bone mass and in maintenance of 
bone structure and strength. Thyrotropin, in turn, has a direct 
negative effect on bone remodeling, inhibiting bone resorp-
tion [4]. Consequently, several studies have shown a reduc-
tion in bone mineral density (BMD) and an increased risk 
of fractures among individuals with clinical and subclinical 
endogenous hyperthyroidism [2, 5]. In addition, the skel-
etal effects of subclinical hyperthyroidism associated with 
suppressive therapy of DTC are still controversial [6–14]. 
Likewise, the skeletal effects of different targets of TSH in 
the treatment of hypothyroidism are debatable, especially in 
postmenopausal women and the elderly [15–17].

Osteoporosis is characterized by low bone mass and the 
deterioration of the bone tissue microarchitecture [18]. Dual-
energy X-ray absorptiometry (DXA) is the most commonly 
used test for the diagnosis of osteopenia and osteoporosis 
[19]. Although low BMD by DXA is a strong predictor of 
fracture risk, many fragility fractures occur in individuals 
with a BMD in the osteopenic or even normal range [20]. 
Moreover, the standard DXA test does not discriminate 
trabecular from cortical bone compartments and does not 
assess bone microarchitecture, which limits its accuracy in 
determining bone strength [21]. The trabecular bone score 
(TBS) is a texture index that evaluates pixel gray-level varia-
tions in the lumbar spine DXA image. It provides an indirect 
measure of bone architecture and is highly correlated with 
direct assessments of the trabecular microarchitecture [21]. 
TBS can predict incident major osteoporotic fractures and 
vertebral and hip fractures in women and men independently 
of lumbar spine BMD measurements and clinical risk factors 
[21, 22]. A high TBS value corresponds to a stronger bone 
with well-structured trabecular architecture and, therefore, 
with resistance to fracture; conversely, a low TBS value 
corresponds to a weaker bone, with degradation in the tra-
becular architecture and, therefore, increased susceptibility 
to bone fractures [23].

Studies that assess bone quality through TBS in DTC 
patients are scarce [24–27]. We aimed to compare the TBS 

of pre and postmenopausal women with a diagnosis of 
DTC, dividing them into two groups: one with long-term 
TSH-suppressive therapy and the other with chronic LT4 
therapy and normal-low TSH levels since thyroid surgery. 
Clinical and laboratory parameters associated with suppres-
sive therapy and their correlations with TBS and BMD were 
investigated.

Materials and methods

Subjects

In this cross-sectional study, all women diagnosed with 
DTC from 1999 to 2016 had their medical records reviewed. 
Subjects were eligible for inclusion if they had a total thy-
roidectomy due to DTC regardless of radioiodine therapy, 
age between 18 and 80 years and body mass index (BMI) 
between 15 and 37 kg/m2, since the TBS analysis is not rec-
ommended in patients out of this BMI range [28]. Exclusion 
criteria included bone metabolic diseases such as definitive 
hypoparathyroidism and hyperparathyroidism, renal fail-
ure, significant liver disease, rheumatic and neurological 
diseases, pregnancy and lactation, bone metastases, other 
malignancies and current or previous use of drugs that 
interfere with bone metabolism. From the 84 women evalu-
ated, 21 were excluded due to TSH out of range (n = 7), 
BMI ≥ 37 kg/m2 (n = 3), and impossibility to perform the 
DXA test (n = 11). The final sample size available for analy-
sis comprised 63 women.

All patients included in this study were treated with LT4 
according to the initial risk stratification and response to 
therapy, as defined in the evidence-based guidelines [29]. 
Patients classified as intermediate risk or high risk, or those 
with persistent disease, received a dose of LT4 sufficient 
to suppress their TSH level below the normal TSH range 
(0.1–0.5 µUI/ml for mild suppression and < 0.1 µUI/ml for 
complete suppression). Those patients classified as low risk, 
who were not submitted to radioiodine therapy, and had neg-
ative tumor markers since the postoperative period received 
a dose of LT4 to maintain TSH levels in the low-normal 
range (0.5–2.0 µUI/ml) [3, 29].

Therefore, we defined two groups of women based on 
their mean TSH serum levels measured over an approximate 
period of 45 months. The suppressive therapy group (sTSH) 
was comprised of women with a mean TSH lower than 0.3 
µUI/ml and free thyroxine (FT4) within the reference range. 
The nonsuppressive group (nTSH) included women with 
mean TSH equal to or greater than 0.3 µUI/ml, and FT4 
within the reference range.

Trabecular bone score and BMD were analyzed using 
DXA, which was performed between January and Decem-
ber of 2017 in a single center. This study was approved by 
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the ethics and research committees of Federal University of 
Minas Gerais (UFMG) and Instituto Mário Penna and all 
subjects signed an informed consent form.

Clinical and anthropometric parameters 
and biochemical analysis

Clinical characteristics including the average dose of LT4 
per kilogram (kg) of weight, age at menopause, smoking, 
current calcium and vitamin D supplementation, diagno-
sis of diabetes mellitus, previous osteoporotic fractures 
and family history of hip fracture were recorded for all 
participants. Postmenopausal status was defined as the 
cessation of menstruation for more than 1 year. Weight 
and height were measured on a calibrated scale, with 
light clothing, and without shoes. Body mass index was 
calculated by determining the ratio between weight and 
height squared (kg/m2). All TSH measurements available 
in the medical records since the thyroidectomy, performed 
at a 6-month interval, were analyzed, except for those 
taken during thyroid hormone withdrawal or following the 
use of recombinant human thyroid-stimulating hormone 
(rhTSH). FT4 levels have been described in multiples 
of the upper limit of the reference range since different 
immunoassays have been used over time. After an over-
night fast, blood sampling were collected and the dosages 
of total calcium corrected for albumin, 25-hydroxyvita-
min D (25OHD) and parathyroid hormone (PTH) were 
obtained within 6 months of the DXA test. The major-
ity of TSH and FT4 measurements were performed by 
chemiluminescence assays (TSH, Immunotech S.A.S. 
to Beckman Coulter Company, Marseille, France; FT4, 
Beckman Coulter, Inc., Brea, CA, USA). The thyrotro-
pin assay had an analytical sensitivity of 0.001 μUI/mL 
and a reference range of 0.38–5.33 μUI/mL, while FT4 
had an analytical sensitivity of 0.20 ng/dl and a reference 
range of 0.89–1.76 ng/dl. Total calcium was measured 
by a colorimetric method (Beckman Coulter, Inc., Brea, 
CA, USA) with a reference range of 8.6–10.6 mg/dl and 
the values were corrected for albumin concentration. 
Serum intact PTH was analyzed using a chemilumines-
cence assay (Beckman Coulter, Inc., Brea, CA, USA), 
with reference range of 4.1–58.2 ng/dl. 25OHD was ana-
lyzed with a chemiluminescence assay (Abbott Ireland 
Diagnostic Division, Longford, Ireland) with an analyti-
cal sensitivity of 2.4 ng/dl.

Bone mineral density (BMD)

Areal bone mineral density of the femoral neck (FN-
BMD), total hip (TH-BMD) and lumbar spine (LS-BMD) 
was evaluated by DXA (Discovery W Hologic Inc., 

Waltham, MA, USA, software version 3.3) and expressed 
in grams/cm2, T-score and Z-score. T-score was calcu-
lated using the National Health and Nutrition Examina-
tion Survey (NHANES) young women as reference and 
osteoporosis, osteopenia and normal BMD were defined 
according to the World Health Organization’s criteria 
[30]. In premenopausal women, a Z-score equal to or less 
than  – 2 standard deviation (SD) was defined as low bone 
mass, while a Z-score above  – 2 SD was defined as nor-
mal. According to the Official Positions of the Interna-
tional Society for Clinical Densitometry (ISCD), it were 
excluded from the LS-BMD analyses vertebrae that had 
more than one SD difference in BMD from the adjacent 
vertebra and/or those vertebrae clearly abnormal [28]. 
The variation coefficients for BMD of the LS, TH and FN 
in our center are 1.81%, 0.96% and 1.04%, respectively.

Trabecular bone score (TBS)

The TBS was analyzed in the same region of interest (ROI) 
of the LS-BMD, using the TBS iNsigth software (TBS 
iNsight, Medimaps, Switzerland, version 2.1.2.0). TBS, 
expressed in values without units of measurement, was 
evaluated as previously described [28]. TBS was used 
to classify the subjects’ risk of fracture as suggested by 
McCloskey et al. [22]. Accordingly, a TBS above 1.310 
defined a low fracture risk (i.e., normal microarchitecture 
pattern), a TBS between 1.230 and 1.310 characterized an 
intermediate fracture risk (i.e., partially degraded pattern), 
and a TBS below 1.230 defined a high fracture risk (i.e., 
degraded pattern) [22, 31]. The variation coefficient for 
TBS in our center was 1.51%.

FRAX

The 10-year probability of hip fracture and major osteo-
porotic fractures (hip, clinical spine, distal forearm, and 
proximal humerus) was assessed using the FRAX (with 
BMD) model for Brazil (http:// www. abras so. org. br) [32]. 
FRAX and TBS-adjusted FRAX were calculated for all 
women with DTC aged more than 40 years.

Statistical analysis

Categorical variables were reported as numbers and per-
centages and assessed using Fisher’s exact test. Quantita-
tive variables, expressed as the mean and SD or medians 
and interquartile ranges (p25—p75), were compared with 
Student’s t test or Mann–Whitney tests, respectively. The 
variables were tested for normality using the Shapiro–Wilk 
test. The correlation between clinical and laboratory 

http://www.abrasso.org.br
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parameters of suppressive therapy with TBS and BMD was 
tested using Spearman’s correlation. A kappa coefficient 
was used to test the reliability between TBS and BMD. 
Multivariate regression analysis was performed to assess 
the determinants independently associated with TBS and 
BMD. Variables were entered into the multivariate model 
when the p value was < 0.20 in univariate analysis. A p 
value < 0.05 was regarded as statistically significant.

For the sample size calculation, the comparison of 
means of TBS between the groups with and without TSH 
suppression was used, considering an alpha error of 0.05, a 
statistical power of the bilateral test of 80% and a projected 
ratio of 2.5 of the sample sizes of the two groups. The 
required calculated sample was 17 patients for the control 
group and 42 patients for the case group [33].

Results

Subject characteristics

Sixty-three women with DTC, 32 of whom were pre-
menopausal (aged 21–55 years) and 31 postmenopausal 
(45–71 years), were divided in 2 groups (43 in the sTSH 
and 20 in the nTSH) and included in this study. Their clini-
cal, laboratory and densitometric characteristics are shown 
in Table 1. The groups were similar in age, BMI, age at 
menopause, previous osteoporotic fracture, family history 
of hip fracture, calcium and vitamin D supplementation, 
years since menopause, frequency of diabetes mellitus 
and smoking. The mean numbers of TSH measurements 
available in the sTSH and nTSH groups were 8.3 and 6.0, 
respectively. Lower serum TSH levels, higher multiple 
values of FT4 and higher doses of LT4 were present in 
the sTSH group, compared to nTSH. Serum levels of cal-
cium, 25OHD and PTH did not differ between the groups. 
The mean follow-up period after total thyroidectomy was 
similar between the groups and the median duration of 
TSH-suppressive therapy was 4 years in the sTSH group.

TBS and BMD

The TBS and BMD (mean ± SD) of both groups are 
included in Table 1. The mean TBS was not significantly 
different in the sTSH and nTSH groups (1.273 ± 0.12 vs 
1.307 ± 0.14, p = 0.7197). Similarly, using the TBS thresh-
olds suggested by McCloskey et al. [22], the frequency of 
women with high, intermediate and low risk of fracture 
was not different between the sTSH and nTSH groups. 
In both groups, with and without suppression, premeno-
pausal women had normal microarchitecture (1.328 ± 0.11 
vs 1.401 ± 0.12, p = 0.195), while postmenopausal women 

had degraded microarchitecture (TBS 1.216 ± 0.11 vs 
1.213 ± 0.09, p = 0.9333) (Table 2).

There were no significant differences in LS-BMD, FN-
BMD, or TH-BMD, as well as in the T-score (postmeno-
pausal) and Z-score (premenopausal) at all sites, between 
the sTSH and nTSH groups (Table 1). The rate of diag-
nosis of osteoporosis, osteopenia, or normal bone status 
among postmenopausal women was similar between the 
groups (p = 0.1554).

The TBS of all postmenopausal women (n = 31), from 
both groups, showed degraded microarchitecture in 17 
(54.8%), partially degraded in another 6 (19.3%) and nor-
mal values in 8 (25.8%) patients. In contrast, osteoporosis 
was diagnosed in only 5 (16.1%), osteopenia in 13 (41.9%) 
and normal BMD in 13 (41.9%) postmenopausal women 
(Fig. 1). Among the 13 women classified in the osteopenic 
range, the TBS was classified as a high risk of fracture in 
8 of them (61.5%) and as an intermediate risk of fracture 
in another 2 patients (6.45%). The agreement between the 
TBS and BMD classifications was weak but statistically 
significant (kappa = 0.253, p = 0.0261).

FRAX and TBS‑FRAX

The 10-year probability of hip fracture and major osteo-
porotic fracture was assessed using FRAX with and without 
adjustment for TBS in all women aged more than 40 years. 
From the 47 women evaluated, 2 were excluded due to 
incomplete data. The risk of hip fracture and major osteo-
porotic fracture, with or without TBS, were similar between 
the sTSH and nTSH groups (Table 3). Overall, the probabil-
ity of major osteoporotic fracture was greater when assessed 
by the TBS-adjusted FRAX than using FRAX without TBS.

Correlations

There were no significant correlations among TSH, FT4, and 
the duration of suppressive therapy with TBS and BMD in 
the premenopausal and postmenopausal women. The dose 
of LT4/weight did not correlate with TBS but was weakly 
correlated (r = 0.2455, p = 0.0480) with TH-BMD. However, 
this correlation disappeared when the model was adjusted 
for age and BMI (r = 0.0224, p = 0.8630).

Multiple linear regression analyses were performed to 
evaluate the independent association of clinical param-
eters with TBS and BMD. BMI and menopause status 
were the most significant predictors of TBS (β =  – 0.0539, 
p = 0.0016 and β =  – 0.0902, p = 0.0059), LS-BMD 
(β = 0.0420, p = 0.0411 and β =  – 0.1347, p = 0.0020), FN-
BMD (β = 0.0563, p = 0.0022 and β =  – 0.0914, p = 0.0130) 
and TH-BMD (β = 0.0489, p = 0.0059 and β =  – 0.0866, 
p = 0.0159), respectively. No significant associations of TBS 
or BMD with the parameters of TSH-suppressive therapy 
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were found (Table 4). LS-BMD, FN-BMD, and TH-BMD 
were associated with the dose of LT4/weight in the univari-
ate analysis, but not in the multivariate analysis.

Table 1  Clinical, biochemical 
and densitometric 
characteristics of DTC women

DTC differentiated thyroid cancer, sTSH suppressive TSH therapy group, nTSH low-normal TSH group, 
BMI body mass index, BMD bone mineral density, TBS trabecular bone score, LT4 levothyroxine, LS lum-
bar spine, TH total hip, FN femoral neck, FT4 free thyroxine, TSH thyrotropin-stimulating hormone, PTH 
parathyroid hormone, 25OHD 25-hydroxyvitamin D, ULN upper limit of normal
a Mean ± standard deviation (SD)
b Median and interquartile range (25th;75th percentile)
*p < 0.05, **p < 0.001
& Free thyroxine concentration is in multiples of the upper reference limit

Characteristics sTSH (n = 43) nTSH (n = 20)

Age (years)a 49 (13.8) 51.7 (11.7)
BMI (kg/m2)b 28.1 (23.7; 30.7) 25.9 (23.9; 28.6)
Menopause n (%) 21 (48.8) 10 (50)
Age at menopause (years)a 48.3 (4.4) 49 (4.2)
Family history of hip fracture n (%) 3 (7.5) 2 (11.8)
Previous osteoporotic fractures 0 0
Diabetes Mellitus n (%) 2 (4.7) 2 (10)
Current smoking n (%) 3 (7.0) 2 (10)
Average cumulative dose of radioiodine (mCi) 150 (100; 200) ---
TNM 8ª edition n (%)
 I 28 (65.1) 19 (95)
 II 9 (20.9) 1 (5)
 III 5 (11.6) 0 (0)
 IV 1 (2.3) 0 (0)

Risk of initial recurrence n (%)
 Low 12 (27.9) 19 (95)
 Intermediate 23 (53.5) 1 (5)
 High 8 (18.6) 0 (0)
 Distant metastasis—except bone n (%) 6 (14) 0 (0)

LT4 dose/weight (μg/kg per day)b 1.88 (1.67; 2.16) ** 1.57 (1.42; 1.68)
Calcium and vitamin D supplement treatment n (%) 7 (16.3) 4 (20)
Time since menopause (months)b 135 (83; 185) 147 (51; 196)
Duration of TSH suppression (years)b 4.0 (2.5; 7) ---
Follow-up time since diagnosis (months)b 48 (29; 88) 42 (30; 47)
Serum calcium (mg/dl)a 9.3 (0.4) 9.2 (0.4)
Serum PTH (pg/ml)b 31 (21; 49) 30 (20; 42)
Serum 25OHD (ng/dl)b 31 (25; 34) 28 (27; 36)
Serum TSH (mUI/l)b 0.059 (0.020;0.105) ** 0.800 (0.522; 1.208)
FT4 ×  ULN&a 0.894 (0.1)* 0.805 (0.1)
LS-BMD (g/cm2)a 0.989 (0.14) 0.979 (0.16)
 T-score  – 1.2 (1.1)  – 1.2 (1.2)
 Z-score 0.4 (1.3) 0.5 (1.6)

TH-BMD (g/cm2)a 0.957 (0.12) 0.953 (0.12)
 T-score  – 0.3 (1.0)  – 0.2 (0.6)
 Z-score 0.7 (0.9) 0.6 (1.2)

FN-BMD (g/cm2)a 0.821 (0.13) 0.828 (0.13)
 T-score  – 0.7 (1.1)  – 0.6 (0.7)
 Z-score 0.5 (1.0) 0.7 (1.5)

TBS (unitless)a 1.273 (0.12) 1.307 (0.14)
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Discussion

Total thyroidectomy followed by long-term TSH-suppres-
sive therapy is the standard treatment of patients with DTC. 
However, there is growing concern about the negative effects 
of prolonged maintenance of a suppressed TSH on bone 
quality and fracture risk. The results of this study showed 
that women with DTC undergoing TSH-suppressive therapy 
do not present a significant deterioration of TBS relative to 
women on LT4 replacement therapy and low-normal TSH 
levels. This study was adequately powered to detect differ-
ences in TBS between the groups, and these negative find-
ings support previous results of a longitudinal study showing 
preservation of TBS in women with long-term TSH-sup-
pressive therapy compared to healthy controls [26]. Never-
theless, it is important to highlight that both groups, after 

Table 2  TBS and BMD 
in premenopausal and 
postmenopausal women (sTSH 
vs nTSH)

DTC differentiated thyroid cancer, BMD bone mineral density, TBS trabecular bone score, LS lumbar spine, 
TH total hip, FN femoral neck, sTSH suppressive TSH therapy group, nTSH low-normal TSH group
a Test Student’s t test: p values refer to the comparison between sTSH and nTSH within the same group 
(premenopausal or postmenopausal)

Densitometric 
parameters

Premenopausal DTC (n = 32) Postmenopausal DTC (n = 31)

sTSH nSTH p valuea sTSH nTSH p valuea

TBS 1.328 ± 0.11 1.401 ± 0.12 0.1195 1.216 ± 0.11 1.213 ± 0.09 0.9333
LS-BMD 1.056 ± 0.13 1.050 ± 0.17 0.9169 0.919 ± 0.12 0.908 ± 0.13 0.8213
FN-BMD 0.871 ± 0.11 0.869 ± 0.16 0.9725 0.768 ± 0.13 0.787 ± 0.08 0.4594
TH-BMD 1.003 ± 0.10 0.982 ± 0.15 0.7012 0.908 ± 0.12 0.922 ± 0.07 0.6796

Fig. 1  Prevalence of degraded, 
partially degraded and normal 
microarchitecture (a) and preva-
lence of osteoporosis, osteope-
nia and normal BMD, defined 
by the lowest T-score of the 
sites evaluated (lumbar spine, 
femoral neck and total hip) (b), 
in postmenopausal women with 
differentiated thyroid cancer

Table 3  The 10-year probability of major osteoporotic fracture and 
hip fracture assessed by FRAX and TBS-adjusted FRAX in DTC 
women aged more than 40 years

DTC differentiated thyroid cancer, FRAX fracture risk assessment 
tool, sTSH suppressive TSH therapy group, nTSH trabecular bone 
score
a Median and interquartile range (25th;75th percentile)
b Mann–Whitney test; refer to the comparison between sTSH and 
nTSH

Variable Overall (n = 
45)

sTSH (n = 29) nTSH (n=16) p  valueb

FRAX (%)
  MOFa 2.4 (2.0, 3.0) 2.4 (1.9, 3.3) 2.5 (2.0, 2.8) 0.831 
  HFa 0.2 (0.0, 0.5) 0.2 (0.0, 0.4) 0.2 (0.0, 0.5) 0.725 

TBS-adjusted FRAX (%)
  MOFa 3.0 (2.4, 4.3) 3.0 (2.4, 4.3) 3.0 (2.5, 4.1) 0.740 
  HFa 0.2 (0.0, 0.6) 0.2 (0.0, 0.5) 0.3 (0.0, 0.7) 0.681 
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menopause, showed deterioration of the trabecular bone 
assessed by TBS.

In this study, the average duration of suppressive therapy 
was 4 years. No correlation was found between TBS and the 
duration of TSH suppression, consistent with earlier reports 
[25, 27]. On the other hand, in another retrospective study, 
TBS was lower, despite the unchanged BMD, in women with 
a TSH suppression duration greater than 5 years compared to 
those whose duration was less than 3 years [24]. Our results 
have also shown that other parameters of TSH-suppressive 
therapy such as TSH and FT4 levels were not correlated 
with TBS, in agreement with other studies [24, 25, 27]. In 
a previous cross-sectional study with 648 healthy euthyroid 
postmenopausal women, the upper levels of FT4 within the 
normal reference range, but not TSH, was negatively corre-
lated with TBS after adjusting for age, BMI, and BMD [34].

Menopausal status and BMI were the only variables cor-
related with both BMD and TBS. An average dose of LT4 
per kilogram of weight was positively associated with LS-
BMD (p = 0.0043), FN-BMD (p = 0.0022), and TH-BMD 
(p = 0.0013) in the univariate analysis, but not in the multi-
variate analysis. This unexpected association may have been 
influenced by the BMI, since both the LT4 dose and the 
BMD are positively associated with body weight and BMI. 
In fact, the positive association between the LT4 dose and 
BMD disappeared in the multivariate analysis, whereas the 
association between BMD and BMI remained significant. 
Obese individuals have higher areal and volumetric BMD 
measurements and better parameters of bone microarchitec-
ture [35]. On the other hand, BMI was negatively correlated 
with TBS. Previous studies using TBS software version 2.x 
have also found a negative correlation between TBS and 
waist circumference, visceral fat mass and BMI on Hologic 
scanners [36–38]. This can be explained by the excessive 
soft tissue in the abdomen, overlying the region of interest, 
reducing the TBS [21].

The mean BMD, T-score, and Z-score at all sites were 
similar between the groups, even when considering the 

subgroup of postmenopausal women. This result is in line 
with previous studies that have shown a preserved BMD 
in postmenopausal women on TSH-suppressive therapy 
[24–26]. However, in a recently published meta-analysis 
of 11 controlled cross-sectional studies, TSH suppression 
therapy was associated with a lower BMD of the hip and 
lumbar spine in postmenopausal women, but not in premen-
opausal women [13]. In another study, osteoporosis follow-
ing thyroidectomy was diagnosed three times more often in 
TSH-suppressive therapy women compared to those with 
no suppressed TSH [10]. In the only randomized controlled 
study of LT4 treatment aiming at different TSH targets, sup-
pression of TSH after thyroidectomy caused a significant 
deterioration of the LS-BMD within 1 year after surgery, 
particularly in women aged ≥ 50 years [9]. Likewise, in a 
prospective study, TSH-suppressive therapy caused bone 
loss predominantly in postmenopausal women and exclu-
sively in the early post-thyroidectomy period [39]. The 
divergence of results concerning skeletal changes during 
TSH-suppressive therapy is probably due to studies with 
small samples, retrospective designs and a short time of 
exposure to low TSH levels, insufficient for bone changes to 
occur. Furthermore, the years since menopause differ across 
the studies, and in many of them, these data are not reported, 
which may explain the discrepant results in the bone evalu-
ation of postmenopausal women [40].

Consistent with previous studies, we identified a weak 
agreement between the TBS and BMD T-score classifica-
tions [24, 28]. In the entire study population, the mean TBS 
was normal in premenopausal women but markedly reduced 
in postmenopausal women. The percentage of postmenopau-
sal women with degraded TBS was 54.7%, while the per-
centage of osteoporosis diagnoses was only 16.1%. Among 
women diagnosed with osteopenia (41.9%), more than half 
showed degraded TBS, a known risk factor for fragility frac-
tures in postmenopausal women [22, 31, 41].

The effect of TSH-suppressive therapy on fracture risk 
remains uncertain, with previous studies demonstrating 

Table 4  Multivariate linear regression analysis of associated parameters with TBS and BMD in the suppressive TSH therapy group

TBS trabecular bone score, TSH thyrotropin-stimulating hormone, BMI body mass index, BMD bone mineral density, LS lumbar spine, TH total 
hip, FN femoral neck, 25OHD 25-hydroxyvitamin D, LT4 levothyroxine
a Log-transformed variable was used in statistical analyses
b Standardized beta
*p < 0.05

Variables TBS LS-BMD FN-BMD TH-BMDa

Βb p Βb p Βb p Βb p

BMI (kg/m2)  – 0.0539 0.0016 0.0420 0.0411* 0.0563 0.0022* 0.0489 0.0059*

Menopause (yes or no)  – 0.0902 0.0059*  – 0.1347 0.0020*  – 0.0914 0.0130*  – 0.0866 0.0159*

Serum 25OHD (ng/dl) 0.0189 0.2376
LT4 dose/weight (μg/kg per day) 0.0078 0.7136 0.0118 0.5230  0.0166 0.3585
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mixed results [14]. To our knowledge, only one study eval-
uated risk fracture assessed by FRAX in 78 DTC women 
(78% postmenopausal) and TSH-suppressive therapy. They 
found no difference in FRAX-probability of fracture between 
DTC women and a cohort of 120 euthyroid women, matched 
for age, menopausal status, and BMI [42]. Similarly, we 
found no significant difference in the FRAX-probability of 
hip and major fracture risk between the sTSH and nTSH 
groups, even after adjusting FRAX for TBS. Of note, in the 
entire study population, the risk of major osteoporotic frac-
ture as assessed by FRAX was greater when adjusted by 
TBS than using FRAX alone.

Serum TSH in healthy populations is higher in women 
and it increases with age, particularly after the age of 
70 years. In 2013, Vadiveloo et al. [43] measured the TSH 
distribution among 153,127 people of different age groups. 
The median TSH for people with negative thyroid antibodies 
was 2.0 µUI/ml and the 97.5th percentile was 6.14 µUI/ml, 
which increased by 1.96 µUI/ml across the age range [43]. 
Other studies observed similar results, including a Brazil-
ian study [44]. In contrast, in our study, the nTSH group 
had a median TSH of 0.800 µUI/ml and a 75th percentile 
of 1.208 µUI/ml, notably lower levels than those usually 
described in healthy postmenopausal women in epidemio-
logical studies. This observation could explain our finding of 
a high frequency of low TBS among postmenopausal women 
regardless of the study group. In fact, in postmenopausal 
women with DTC, LT4 replacement aiming at TSH levels 
in the low-normal range may cause a negative effect on the 
skeleton similar to that caused by TSH suppression. Fur-
ther studies are needed to assess whether LT4 replacement 
in postmenopausal women and DTC, aiming at TSH levels 
between 0.5 and 2.0 µUI/ml, could increase the fracture risk.

Similarly, large cross-sectional studies with healthy 
women have demonstrated that low-normal TSH was associ-
ated with a low BMD and an increased risk of osteoporosis, 
compared to those with high-normal TSH [45–47]. Leader 
et  al. [48], in a population-based historical prospective 
cohort study, observed that TSH in the low-normal range 
(0.35–1.6 mUI/l) was associated with an increased risk of 
hip fractures in healthy euthyroid women > 65 years, com-
pared with intermediate (1.7–2.9 mUI/l) and high-normal 
TSH levels (3.0–4.2 mUI/l) [48]. In another study, higher 
TSH levels across the normal range were protective and 
reduced the fracture risk [49]. Moreover, previous studies 
have shown that subclinical hypothyroidism is associated 
with a higher BMD-FN [50] and a lower risk of osteoporosis 
in postmenopausal women [46, 51], without increasing the 
risk of bone fractures [50]. Physiologically, postmenopau-
sal women with DTC are subject to the combined effect of 
estrogen deficiency and low TSH levels, leading to increased 
bone resorption. Therefore, our results and previous studies 
suggest that TSH may play a role in bone preservation in 

postmenopausal women, and maintaining chronically low-
normal TSH levels in this group with DTC may not be a 
good choice.

Only one study has investigated the effect of subclinical 
hypothyroidism treatment on TBS [17]. One hundred and 
seventeen individuals > 65 years with persistent subclinical 
hypothyroidism and no history of previous thyroidectomy or 
thyroid disease were randomized to treatment with placebo 
or LT4. TSH was 6.4 ± 2.0 µUI/ml before randomization, 
and it evolved to 3.2 ± 1.5 µUI/ml at 1 year in the treatment 
arm. There was no significant difference between baseline 
TBS values and those measured after 1 year of follow-up 
in both groups (– 1.3%: 95% CI  – 3.1 to 0.6, p = 0.19) [17]. 
Although this study demonstrates that treatment with LT4 
for 1 year was safe for the bone health of subclinical hypo-
thyroidism in elderly, it cannot be excluded that lower TSH 
levels may have deleterious effects on the skeleton.

The current study has some limitations. The cross-sec-
tional design does not allow for establishing a cause–effect 
relationship between TSH-suppressive therapy and its skel-
etal effects on the microarchitecture and bone mineral den-
sity. The duration of TSH-suppressive therapy was, perhaps, 
insufficient to cause alterations in bone parameters. Another 
limitation is the lack of radiological images of the spine to 
assess morphometric vertebral fractures during TSH sup-
pression therapy. In addition, we have a relatively small 
patient population and the absence of a healthy control group 
matched for age, BMI, and age at menopause.

Our study has several strengths. To our knowledge, this 
is the first study to compare TBS between two groups of 
women with DTC, one with chronic TSH-suppressive ther-
apy and the other on LT4 replacement to keep TSH in the 
low-normal range since the thyroid surgery, unlike other 
studies that compared suppressive therapy with a healthy 
control group. The average TSH of the nTSH group was 
maintained in the range recommended by the main guide-
lines for thyroid cancer. However, these values are notably 
lower than those described in epidemiological studies of 
healthy postmenopausal women, which may explain the 
degraded TBS in more than half of the postmenopausal 
women in the entire group. Despite the small sample, this 
study was adequately powered to detect differences in TBS 
between the groups.

Conclusions

Our results showed that trabecular microarchitecture 
assessed by TBS is similar between women on long-term 
suppressive therapy in DTC and those on LT4 replacement 
therapy aiming at a TSH level within the low-normal refer-
ence range. Of note, we found that the TBS was degraded in 
more than 50% of the postmenopausal women with thyroid 
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cancer on LT4 therapy, an abnormality not appreciated by 
the BMD analyses. Therefore, not only suppressed TSH 
levels but also a low-normal TSH is associated with dete-
riorated bone microarchitecture in postmenopausal women. 
Moreover, the sole analysis of BMD by DXA may be insuffi-
cient to predict fracture risk in this population. In this group, 
we should consider possible skeletal damage and avoid 
overtreatment when possible. This negative effect was not 
observed in the group of premenopausal women, as they had 
a normal TBS. Whether the TBS should be incorporated into 
the bone evaluation routine of postmenopausal women on 
LT4 replacement therapy is a matter of debate. Additional 
studies involving a larger number of participants and evalu-
ating fracture risk are needed to define the skeletal effects of 
TSH-suppressive therapy and different target TSH ranges in 
individuals with differentiated thyroid cancer.
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