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Abstract
Background: Conflicting results has been reported regard osteoporosis and fractures 
in patients with Differentiated Thyroid Cancer (DTC). Our objective was to evalu-
ate the long-term effects of TSH suppression therapy with Levothyroxine (LT4) on 
trabecular bone score (TBS) and bone mineral density (BMD) in females with DTC 
after thyroidectomy.
Methods: About 145 women with resected DTC and receiving long-term TSH ther-
apy, were stratified according to the degree of TSH suppression. Mean duration of 
follow-up was 12.3 ± 6.1 years. BMD and TBS, were assessed using dual-energy 
X-ray absorptiometry (DXA) and TBS iNsight (Med-Imaps), at baseline (1-3 months 
after surgery) and at the final study visit.
Results: In patients stratified by duration of TSH suppression therapy (Group I, 
5-10 years; Group II, >10 years), slight increases from baseline TSH levels were 
observed. Significant decreases in LS-BMD and FN-BMD were seen in patients after 
>10 years. TBS values were lower in Groups I (1.289 ± 0.122) and II (1.259 ± 0.129) 
compared with baseline values (P = .0001, both groups). Regarding the degree of 
TSH suppression, TBS was significantly reduced in those with TSH < 0.1 µU/mL 
(P = .0086), and not in patients with TSH suppression of 0.1.-0.5 or >0.5 µU/mL.
Conclusions: We found deterioration of trabecular structure in patients with DTC 
and TSH suppression therapy below 0.1 µU/mL and after 5-10 years of follow-up. 
Significant changes in BMD according to TSH levels were not observed. Trabecular 
Bone Score is a useful technique for identifying thyroid cancer patients with risk of 
bone deterioration.
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1 |  INTRODUCTION

The incidence of thyroid cancer has been described as in-
creasing worldwide in the last decades.1 The mainstay of 
treatment of patients with differentiated thyroid cancer 
(DTC) is surgery. Thereafter, TSH suppression with levothy-
roxine (LT4) is recommended as a main therapeutic option 
for patients with DTC, to prevent tumor recurrence and in-
crease survival.2 American Thyroid Association (ATA) 2016 
guidelines for the use of thyroid hormone therapy in DCT 
recommend TSH level targets based on a patient's risk of 
recurrence: 0.1 µU/mL for high-risk patients; 0.1-0.5 µU/L 
for intermediate-risk patients; and 0.5-2 µU/mL for low-risk 
patients, who have undergone remnant ablation and have un-
detectable serum thyroglobulin levels.3

Although meta-analysis has confirmed that patients with 
DTC and TSH suppression showed a significant reduced risk 
of disease progression, recurrence, and death (relative risk 
[RR] = 0.73, 95% CI = 0.60-0.88, P < .05),4 recent studies 
have found no significant benefit t4regarding disease-specific 
or disease-free survival, in DTC patients with undetectable 
serum TSH levels versus subnormal TSH levels, when also 
taking in consideration the degree of low-risk of thyroid can-
cer.5,6 Further, because DTC usually is an indolent tumor, and 
its mortality rate is very low, TSH suppression with LT4 can 
be controversial, given that treatment can induce a state of 
iatrogenic subclinical hyperthyroidism, which can be associ-
ated with bone and cardiovascular adverse effects.

There is controversy about the association between frac-
ture risk and subclinical hyperthyroidism, either of endoge-
nous cause or related to thyroxine treatment. Patients with 
LT4 treatment and TSH suppression levels, followed for 
8 years, were not associated to any increase fractured rate; 
however, there was an increased risk of ischemic heart dis-
ease.7 In the first Cardiovascular Health Study (CHS) no 
association between endogenous subclinical hyperthyroid-
ism and hip fracture in women was found.8 Data from the 
CHS has been recently enlarged, confirming no association 
between endogenous subclinical hyperthyroidism and an in-
creased risk of hip fracture or lower BMD at the spine or 
hip in a study with 5888 elderly subjects.9 In the contrary, 
an observational study showed that patients taking thyroid 
medication, with high TSH and those with a suppressed TSH, 
were both at increased risk of fracture, suggesting that hy-
perthyroxinemia together with suppressed TSH could detri-
mental to bone.10 A meta-analysis of 13 prospective cohorts’ 
studies showed that endogenous subclinical hyperthyroidism 
was associated with HRs of 1.36 (95% CI, 1.13-1.64) for hip 
fracture, and 1.28 (95% CI, 1.06-1.53) for any fracture, while 
in the comparison between participants treated with LT4 ver-
sus untreated patients, therapy with LT4 was not associated 
with any fracture outcomes 0.98 (95% CI, 0.82-1.17).11 A 
recently meta-analysis with 24 studies, confirm this results, 

and extends this effect on fracture risk at various sites and to 
lower distal and ultradistal BMD.12

In particular, long-term TSH suppression therapy has 
been called into question due to its association with increased 
bone loss and fracture incidence.13 Recently, in a large study, 
compared with controls, osteoporosis, but not fractures was 
more frequent in patients with thyroid cancer (OR 1.33; 
95%CI 1.18-1.49).14

Although several studies have not found an association 
between bone loss and TSH suppressive therapy in men and 
premenopausal women with DTC, a substantial number of 
other studies in postmenopausal women with DTC have 
identified this adverse effect.15 The discrepancy in these 
studies could be explained by the heterogeneity of the patient 
populations included, the degree and duration of TSH sup-
pression, or the methods used to measure bone density and 
quality. Also, because the number of thyroid cancer survivors 
is growing, more patients may experience the long-term ef-
fect of TSH suppression therapy, and is mandatory to develop 
methods for the accurately identification of patients at risk of 
osteoporosis and fractures.

Dual-energy X-ray absorptiometry (DXA) for measure-
ment of bone mineral density (BMD), can be now performed 
together with Trabecular Bone Scores (TBS) analysis. TBS is 
a gray-level texture measure derived from lumbar spine DXA 
images. It is an indirect measure of trabecular microarchi-
tecture, which gives additional information regarding bone 
quality, that can be useful for patients with risk factors for 
bone loss, including those under TSH suppression therapy.10 
Longitudinal studies have shown that TBS predicts fracture 
risk in women, even after adjusting for BMD.16 The use of 
both measurements, TBS plus BMD, also improves fracture 
discrimination.17

The aim of this study was to use TBS and DXA to as-
sess the effect of the degree and duration of long-term TSH 
suppression therapy, on bone microarchitecture and BMD in 
female patients with DTC after total thyroidectomy who were 
treated in our Thyroid Cancer Unit.

2 |  MATERIAL AND METHODS

2.1 | Data and study population

In this study, inclusion criteria were women with DTC who 
received total thyroidectomy with 131I ablation, when neces-
sary, and who received long-term TSH suppressive therapy 
with LT4 according to guidelines.2 Patients were required 
to initiate TSH suppression immediately after surgery, have 
blood extraction and a DXA scan 1-3  months after sur-
gery, and have a follow-up period of ≥5 years. The exclu-
sion criteria were as follow: (a) the use of medications that 
might affect bone metabolism including estrogen/progestin, 
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glucocorticoids, bisphosphonate, calcitonin, selective es-
trogen receptor modulators, denosumab, teriparatide, and 
lithium; (b) malabsorption syndrome; (c) diuretics; (d) dis-
eases affecting bone metabolism (eg, Paget's bone disease, 
renal osteodystrophy), malignant neoplasms, hyperparathy-
roidism, primary and postsurgical hypoparathyroidism and 
hyperthyroidism. Patients without a complete set of data 
were also excluded. Men were not included in the analysis.

To study the effect of the long-term TSH suppression 
therapy, the included cohort was stratified at the final visit 
according to the degree of suppression of TSH: suppressed 
(<0.1 µU/mL), moderately suppressed (0.1-0.5 µU/mL) and 
nonsuppressed (>0.5 µU/mL). Patients were also surveyed to 
assess risk factors for low bone mass, as smoking, daily cal-
cium intake, and physical activity. Other clinical data were re-
trieved using the information collected in patient files. Body 
mass index (BMI) was calculated as the weight in kilograms 
divided by the height in meters squared. Time of follow-up 
was calculated from the start of TSH suppression therapy, 
which was initiated immediately after total thyroidectomy, 
to the final study visit. Diagnosis, surgery, and follow-up 
of all patients occurred at the Thyroid Cancer Unit of our 
Hospital. Ethical approval for this study was obtained from 
our Institutional Review Board prior to beginning this study. 
Informed consent was obtained from all enrolled patients.

2.2 | Biochemical analysis

Blood extraction were obtained 1-3 months postoperatively 
and at the final study visit. Serum samples for biochemi-
cal analyses were obtained between 8 and 9 am after over-
night fast and immediately kept frozen at −70°C until they 
were measured by auto analyzer (Modular P800 Chemistry 
Analyzer, Roche Diagnostic). Serum levels of creati-
nine, calcium (corrected for albumin binding), and phos-
phate were measured. Serum TSH (Architect TSH reagent; 
Abbot Laboratories) and free (T4) by electrochemilumines-
cence (ElecsysT4, Roche Diagnostic; functional sensitivity 
<0.01 µg/mL).

2.3 | Assessment of BMD and TBS

DXA scans were performed within 1-3 months of thyroid-
ectomy and at the final study visit. BMD was measured by 
Dual X-ray absorptiometry (DXA, densitometer QDR 4500, 
Hologic, Waltham MA, USA) at lumbar spine, L1-L4, ( LS-
BMD), femoral neck (FN-BMD), total hip (TH-BMD), ul-
tradistal radius (UDR-BMD), total radius (TR-BMD), and 
distal third of the radius (1/3 DR-BMD). The same equip-
ment was used during the entire study. The coefficient of 
variation was 0.95% at the LS-BMD and 2.1% at FN-BMD. 

BMD values are expressed as grams per square centimeter (g/
cm2) which is expressed from the expected peak young- adult 
mean BMD for the T scores. According to the WHO crite-
ria, patients were classified as osteoporotic (T score equal or 
worse than −2.5), osteopenic (T score −1≥ and >−2.5), and 
normal (T score > −1).18 Reference data corresponding to the 
Spanish population were obtained from a multicenter study 
with 2442 healthy subjects, aged 20-80 years.19

TBS measurements were performed applying the TBS 
iNsight2.0 software (Med-Imaps, Geneva, Switzerland) 
to the LS DXA exams. Lumbar TBS was calculated as the 
mean value of individual measurements for vertebrae L1-L4. 
Weight and height of each patient are entered in the software 
program in each visit corresponding to the TBS study.

Reference values are: normal (TBS ≥ 1.35); is considered 
normal; partially degraded microarchitecture (TBS  >  1.20 
and 1.35); and degraded microarchitecture (≤1.20).20 The co-
efficient of variation of TBS calculated from three repeated 
measurements in 15 women was 0.8%.

2.4 | Statistical analysis

All data were analyzed using SAS statistical package (version 
9.3; SAS Institute). Continuous variables were expressed as 
the mean ± standard deviation (SD). Normality of data was 
confirm using the Kolmogorov-Smirnov test. Category vari-
ables were expressed by their absolute and relative percent-
age, and analyzed using contingence tables and Chi-square 
or Fischer test. The Wilcoxon nonparametric test or Kruskal-
Wallis nonparametric test were used for the analysis of 
more than two parameters in the transversal study, and the 
Student´s t test for the longitudinal study. The Pearson test 
was used to evaluate the relationship between bone param-
eters and duration and TSH suppression level. Fisher's exact 
test was used to study the significance of the association ob-
served in the categorical data. Multiple lineal regressions was 
performed to evaluate the dependence and influence between 
TBS and other variables. All analyzes were adjusted for fol-
low-up time. A level of α = .05 was considered significant in 
all statistical procedures. The Bonferroni test was used in the 
correction of multiple comparison tests.

3 |  RESULTS

3.1 | Description of sample

A total of 145 Caucasian women (131 postmenopausaland 
14 premenopausal) with DTC were included in this study. 
Clinical and bone densitometry data at baseline and at the 
final study visit are shown in Table 1. The mean follow-up 
with LT4 suppression therapy after total thyroidectomy was 
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12 years, with a range of 7-20 years, and the mean age of 
women at the end of the study was 64 ± 10.6 years. Mean BMI 
was higher in patients at the end of the study (28.45 ± 5.3 kg/
m2), compared to baseline (27.27 ± 0.6 kg/m2; P < .0001). 
At the end of the study, there was a significant decrease from 
baseline in prescribed LT4 doses from 2.29 ± 0.6 µg/kg to 
1.70 ± 0.4 µg/kg (P =  .0417) and a significant increase in 
TSH levels from 0.23  ±  0.4  µU/mL to 0.89  ±  0.1  µU/mL 
(P < .0001).

No significant changes were observed in areal BMD or 
T score at all skeletal sites. In contrast, TBS decreased from 
1.346 ± 0.136 (normal range) to 1.273 ± 0.136 (partially de-
graded) (P < .0001). Estimated mean dietary calcium intake 
of DTC patients (575.94  ±  282  mg/d), was only collected 

at final study visit, and no differences were observed among 
patients with normal BMD (561  ±  195  mg/d), osteopenia 
(572 ± 301 mg/d), and osteoporosis (588 ± 294 mg/d).

3.2 | Stratification according to years of 
follow-up

Table 2 shows the results of the final visit stratified by the 
number of years of follow-up: Group I (n  =  69) includes 
patients with a follow-up duration of 5-10 years and Group 
II (n = 76), includes patients with >10 years of follow-up. 
As expected, there were also significant changes in BMI at 
the end of the study in both groups, compared to baseline 
(Group I, end of study 28.67 ± 5.9 kg/m2 vs 27.77 ± 5.6 kg/
m2, P = .0042; Group II, end of study 28.41 ± 4.8 kg/m2 vs 
26.87 ± 4.0 kg/m2, P = .0009). Both groups also had increases 
in TSH levels (from 0.17 ± 0.36 µU/ml to 0.76 ± 1.6 µU/
mL in Group 1 [P = .0027], and from 0.27 ± 0.5 µU/mL to 
1.12 ± 1.85 in Group II [P = .0002]). There was also a sig-
nificant decrease in mean LT4 doses in both groups (Group 
I from 2.10 ± 0.5 µg/kg to 1.71 ± 0.3 µg/kg, P <  .0001; 
Group II from 2.47  ±  0.62  µg/kg to 1.69  ±  0.50  µg/kg, 
P < .0001).

For patients in Group I, differences between absolute 
BMD at baseline and at the final study visit were not signifi-
cantly different. However, a significant decrease in LS-BMD 
(from 0.91 ± 0.18 g/cm2 to 0.87 ± 0.13 g/cm2, P = .0249) 
and FN-BMD (from 0.78 ± 0.14 g/cm2 to 0.69 ± 0.11 g/cm2, 
P < .0001) was observed in patients of Group II. Reductions 
were also found in Group II T scores (LS-T score from 
−1.14  ± 1.3 to −1.56  ±  1.2, P  =  .0028; FN-T score  from 
−1.15 ± 1.3 to −1.39 ± 1.0, P =  .0077). TBS values were 
lower in both groups of compared with baseline values (Group 
1, from 1.354 ± 0.131 to 1.289 ± 0.122, P < .0001; Group II 
from 1.354 ± 0.144 to 1.259 ± 0.129, P < .0001) (Figure 1). 
In Group I, there was a significant increase in T scores (LS-T 
scores from −1.34 ± 1.2 to −1.20 ± 1.1, P =  .0143; FN-T 
scores from −1.49 ± 1.1 to −1.25 ± 1.0, P = .0003; and TH-T 
scores from −0.75 ± −0.09 to −0.58 ± 1.0, P = .0027). The 
percent change from baseline was significantly different when 
comparing Group I to Group II for LS-BMD (1.73 ± 9.3 vs 
4.7 ± 79, P = .003), FN-BMD (−0.15 ± 5.8 vs −12.2 ± 8.9, 
P < .0001), and TBS (−3.4 ± 6.6 vs −6.3 ± 9, P = .0213).

3.3 | Stratification according to levels of 
TSH suppression

Clinical, thyroid hormone and bone parameters stratified by 
the level of TSH suppression at the final visit, are shown 
in Table  3. Although patients were treated in our Thyroid 
Cancer Unit by the same physician during follow-up, there 

T A B L E  1  Clinical and bone densitometry characteristics of DTC 
patients included in the study at baseline and end studies

Studied parameters

Baseline 
study 
(n = 145)

End study 
(n = 145) P value

Clinical and hormonal data

Age (years) 51.48 ± 11.9 63.96 ± 10.65 <.0001

IMC (kg/m2) 27.27 ± 0.6 28.45 ± 5.3 <.0001

LT4 doses (mcg/
Kg)

2.29 ± 0.6 1.70 ± 0.4 .0417

Serum free T4 (ng/
dL)

1.64 ± 0.4 1.64 ± 0.3 .9464

Serum TSH (µU/
mL)

0.23 ± 0.4 0.89 ± 0.1 <.0001

Duration-years 
(range)

— 12.3 ± 6.1 
(7-20)

Bone densitometry

LS-BMD g/cm2 0.91 ± 0.16 0.89 ± 0.13 .1122

FN-BMD g/cm2 0.74 ± 0.14 0.70 ± 0.11 .0635

TH-BMD g/cm2 0.84 ± 0.11 0.86 ± 0.13 .5102

UDR-BMD g/cm2 0.42 ± 0.06 0.40 ± 0.06 .3132

1/3 DR-BMD g/
cm2

0.62 ± 0.05 0.62 ± 0.08 .9232

TR-BMD g/cm2 0.52 ± 0.05 0.50 ± 0.07 .1857

LS-T score −1.23 ± 1.3 −1.40 ± 1.2 .1656

FN-T score −1.28 ± 1.3 −1.35 ± 1.0 .7040

TH- T score −0.89 ± 0.9 −0.68 ± 1.0 .2552

UDR-T score −0.47 ± 0.9 −0.85 ± 1.1 .3254

1/3DR-T score −1.24 ± 0.8 −1.22 ± 1.2 .9442

TR-T score −0.97 ± 0.7 −1.55 ± 1.2 .1359

TBS 1.35 ± 0.14 1.27 ± 0.13 <.0001

Note: Highlighted red values indicate statically significant values.
Abbreviations: 1/3 DR, 1/3 distal radius; BMD, bone mineral density; FN, 
femoral neck; LS, lumbar spine; TH, total hip; TR, total radius; UDR, ultradistal 
radius.
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were changes in the degree of TSH suppression from the be-
ginning to the end of the study, either due to intentional deci-
sion or from factors including age or BMI.

During the course of follow-up, there was a reduction in 
the number of patients with suppressed TSH (<0.1 µU/mL) 
and moderately suppressed TSH (0.1-0.5  µU/mL), while 

T A B L E  2  Study of patients with differential thyroid carcinoma according to duration of follow-up

Years follow-up (n) 5-10 years Group I (n = 69) >(10 years Group II (n = 76)

Period of study
Baseline 
study End study P

Baseline 
study End study P

Age (years) 54.55 ± 11.4 62.44 ± 11.3 <.0001 47.64 ± 10.34 64.86 ± 9.58 <.0001

BMI (kg/m2) 27.77 ± 5.6 28.67 ± 5.9 .0042 26.87 ± 4.0 28.41 ± 4.8 .0009

LT4 doses (mcg Kg) 2.10 ± 0.5 1.71 ± 0.3 <.0001 2.47 ± 0.62 1.69 ± 0.50 <.0001

Serum free T4 (ng/dL) 1.53 ± 0.3 1.64 ± 0.3 .0143 1.75 ± 0.5 1.62 ± 0.25 .0499

Serum TSH (µU/mL) 0.17 ± 0.36 0.76 ± 1.6 .0027 0.27 ± 0.5 1.12 ± 1.85 .0002

Duration-years (range) — 7.5 ± 1.8 (6-9) — 17.5 ± 4.1 (13-21)

LS-BMD g/cm2 0.90 ± 0.13 0.91 ± 0.13 .2569 0.91 ± 0.18 0.87 ± 0.13 .0249

FN-BMD g/cm2 0.68 ± 0.13 0.71 ± 0.12 .8026 0.78 ± 0.14 0.69 ± 0.11 <.0001

TH-BMD g/cm2 0.82 ± 0.09 0.87 ± 0.13 .0721 0.86 ± 0.13 0.85 ± 0.14 .3053

UDR-BMD g/cm2 0.42 ± 0.06 0.41 ± 0.07 .9788 0.42 ± 0.06 0.39 ± 0.06 1.0000

1/3DR-BMD g/cm2 0.63 ± 0.07 0.64 ± 0.07 .8025 0.62 ± 0.05 0.61 ± 0.08 .0989

TR-BMD g/cm2 0.50 ± 0.05 0.51 ± 0.07 .7510 0.52 ± 0.05 0.49 ± 0.06 .9778

LS-T score −1.34 ± 1.2 −1.20 ± 1.1 .0143 −1.14 ± 1.3 −1.56 ± 1.2 .0028

FN-T score −1.49 ± 1.1 −1.25 ± 1.0 .0003 −1.15 ± −1.3 −1.39 ± 1.0 .0077

TH- T score −0.75 ± 0.9 −0.58 ± 1.0 .0027 −0.97 ± 1.0 0.72 ± 1.0 .1658

UDR-T score −0.80 ± 0.8 −0.63 ± 1.1 .7877 −0.47 ± 0.9 0.90 ± 1.0 .0942

1/3DR-T score −0.78 ± 1.0 −0.89 ± 1.2 .1289 −1.42 ± 1.2 −0.47 ± 0.9 .9523

TR-T score −0.94 ± 1.3 −1.25 ± 1.2 .8254 −0.97 ± 0.7 −1.68 ± 1.2 .9649

TBS 1.35 ± 0.13 1.29 ± 0.12 <.0001 1.35 ± 0.14 1.26 ± 0.13 <.0001

Note: Not performed.
Highlighted red values indicate statically significant values.
Abbreviations: 1/3 DR, 1/3 distal radius; BMD, bone mineral density; FN, femoral neck; LS, lumbar spine; TH, total hip; TR, total radius; UDR, ultradistal radius.

F I G U R E  1  Baseline and end TBS 
scores according to the follow-up of TSH 
suppression in patients of Group I (5-
10 years) and Group II (>10 years). Upper 
and lower lines indicates limits of normal, 
partially degraded and degrades TBS scores 
values
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the number of patients with nonsuppressed TSH (>0.5 µU/
mL) increased following the guidelines of DTC. The du-
ration of TSH suppression in the three groups was similar. 
No significant changes in BMI were observed in any of the 
TSH suppression levels analyzed. The percent change from 
baseline in BMD was −3.2 ± 9.2 for LS-BMD, −6.7 ± 7.6 
for FN-BMD, −4.2  ±  17 for TH-BMD, and −3.4  ±  7.9 
for TBS in patients with suppressed TSH. In patients with 
moderately suppressed TSH, percent change from baseline 
was −3.2 ± 12 for LS-BMD, −10.2 ± 11.4 for FN-BMD, 
−1.2 ± 9.2 for TH-BMD, and −5.2 ± 10.4 for TBS. For 
patients with nonsuppressed TSH, percent change from 
baseline was 11.3 ± 84 for LS-BMD, −4.3 ± 8.7 for FN-
BMD, 2.2 ± 7.6 for TH-BMD, and −4.7 ± 7 for TBS. TBS 
was significantly reduced in patients with TSH suppres-
sion <0.1 µU/mL (from 1.362 ± 0.112 to 1.289 ± 0.132, 
P = .0086), whereas only nonstatistically significant reduc-
tions in TBS were seen in patients with lower levels of TSH 
suppression (Figure 2).

In the final visit the number of patients from the Group 
with TSH suppression <0.1 µU/mL, that continued with this 
suppressed values, was reduced to 26. This subgroup had 
low TBS values compared to initial suppressed group val-
ues (n = 75) (1.278 ± 0.130 vs, 1.362 ± 0.112, P = .0056). 
Taking in consideration the subgroup of 49 patients that 
change from total suppression, to moderate or no suppres-
sion, they also low values of TBS (1.272 ± 0.103) at the final 
visit study, as well as those 70 that continued to maintain 
the initial moderate or no suppression, with low TBS val-
ues (1.26  ±  0.14, P  =  .0062). According to the grade of 
risk of TBS values in the initial study there were: 23 pa-
tients (15.9%) with TBS < 1.23 (degraded); 45 (31%) with 
a TBS score between 1.23 and 1.35 (partial degraded), and 
77 (53.1%) with TBS > 1.35 (normal); and the final study 

there were 35 patients (24.1%) with TBS < 1.23(degraded), 
72 (49.65%) with a TBS score between 1.23 and 1.35 (partial 
degraded), and 38 (26.2%) with TBS > 1.35 (normal). At the 
final study, there was an important increase in the number of 
patients with degraded and partially degraded microarchitec-
ture, while there was a decrease in more than a half, in pa-
tients with normal TBS scores and normal LS-BMD T scores 
(42% vs 13.3%)(Fisher´s exact test < 0.0001).

Pearson correlation demonstrated a significant positive 
correlation between TBS with BMD at all analyzed sites: LS-
BMD (r = .35, P = .0001); FN-BMD, (r = .33, P = .0004); 
TH, (r  =  .25, P  =  .0076); 1/3 DR, (0.49, P  <  .0001), but 
we did not find correlations between TBS and other studied 
parameters including duration (P = .8006), TSH suppression 
levels (P =  .1293), or serum fT4 levels (P =  .1100) at the 
final study visit. Neither duration of suppression (P = .6220), 
serum fT4 (P = .9207) nor TSH levels (P = .3920) were cor-
related with LS-BMD. The three levels of TSH suppression 
were also not correlated with BMD.

In the multivariate analysis, clinical parameters associated 
with TBS as a dependent variable were: levels of TSH sup-
pression below 0.1 µU/mL (B = 0.2542, P < .0280); between 
0.1 and 0.5 µU/mL (B = 0.2271, P = .0513), and >0.5 µU/mL 
(B = 0.2327, P = .0427). Adjustments for BMD were made to 
show that the association between TBS and duration of TSH 
suppression was independent from BMD.

4 |  DISCUSSION

Our study provide information that total thyroidectomized 
female patients due to DTC who received long-term TSH 
suppressive therapy had lower vertebral TBS, after both 
5-10 years and >10 years of follow-up. In contrast, LS-BMD 

F I G U R E  2  TBS scores of patients 
with DTC according to the degree of TSH 
suppression. Upper and lower lines indicates 
limits of normal, partially degraded and 
degrades TBS scores values
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and FN-BMD decreased significantly only in patients receiv-
ing TSH suppression for >10 years. This suggests that under 
TSH suppression therapy trabecular bone structure could be 
damaged even before changes in BMD are apparent.

Our data showed that DCT patients with <10  years 
of follow-up had BMD in the normal range, while there 
were abnormalities in TBS, suggesting that this parameter 
could provide a more sensitive assessment of bone health 
in these patients. Recently, in a retrospective cross-sec-
tional study, Moon et al showed that 4.2  years of TSH 
suppression therapy in postmenopausal patients with DTC 
was associated with a significant decrease in TBS, inde-
pendent of BMD changes.21 In a previous study by the 
same authors, TSH suppression of 3.8  ±  1.2  years was 
associated with decreased bone strength by altering hip 
bone geometry rather than BMD.22 Our group has also 
shown, in 84 postmenopausal women with DTC, a sig-
nificant reduction in TBS although the different degree 
neither years of TSH suppression therapy was not ana-
lyzed.23 In the present study, TBS values were similar 
when analyzed in postmenopausal women alone without 
the premenopausal group.

The present study suggests that TBS may be an earlier 
marker of bone abnormalities than BMD analysis, and may 
provide for earlier indication of fracture risk in these patients. 
Moderate suppression of TSH in the range of 0.1-0.5 µIU/mL, 
and of nonsuppression >0.5  µIU/mL, were associated with 
lower values of TBS, and should be observed during the life-
long treatment of these patients. In our study serum fT4 levels 
were not associated with TBS, reinforcing the role of TSH 
in the deterioration of bone microstructure. Also, recently 
in premenopausal women with nontreated Graves´ disease, 
high serum fractaline (chemokine CX3CL1), and lower TBS 
were found, indicating microarchitectural deterioration linked 
to increased bone remodeling in these patients.24 This study 
support the fact that TBS could be early marker of bone de-
terioration, and thus, of fracture risk in these low TSH levels 
patients.

The relationship between excess exogenous thyroid hor-
mone, serum TSH and bone mass are conflicting.25 In a re-
cent study of 93 989 patients newly diagnosed with thyroid 
cancer, the cumulative duration of LT4 use was associated 
with a 3.3-fold higher risk of osteoporosis after 7.5 years 
of duration. However, that study did not report bone den-
sitometry for definition of bone loss, smoking prevalence, 
body weight, or TSH values.26 Greater bone loss has been 
described in patients with DTC, who have suppressed TSH 
levels when compared to nonsuppressed patients,27 and it 
has been suggested, that the greater risk of major osteo-
porotic fractures in hypothyroid patients could be driven 
by periods of low TSH from excessive thyroid replace-
ment.28 Moreover, suppressive doses of LT4 could also in-
duce iatrogenic subclinical hyperthyroidism, and therefore, 

subsequently enhance bone resorption. Reduction of TSH 
levels below 0.1 µU/mL increased by 3-4.5 the risk of ver-
tebral and nonvertebral fractures.29 Although we did not 
capture the incidence of fractures in this study cohort, sig-
nificant reductions from baseline in TBS were only seen in 
the subpopulation with suppressed TSH (levels < 0.1 µU/
mL), which may suggest the use of TBS as a proxy for frac-
ture risk.

We did not find differences in dietary calcium intake, 
smoking rates or physical activity between the studied 
groups. The average calcium intake was 575.9 ± 282 mg/day 
and there were no differences in the intake among the three 
studied TSH suppression groups. This value is similar to the 
mean calcium dietary intake (698 ± 313 mg/day) reported in 
a large Spanish population study.30 There was a modest neg-
ative correlation between BMI and TBS (r = −.17), whereas 
BMI was positively correlated with LS.BMD (r  =  .30). 
Increase in adiposity overlying the Region of Interest (ROI) 
may lower the signal-to-noise ratio, favoring a lower TBS. 
In our study, BMI patients BMI was well within the work-
ing range recommended for TBS (15-37 kg/m2)31. The use 
of older TBS software version 1.8 gave lower values for men 
than for women, while the new update versions are less af-
fected by BMI.32

Our study has a number of clinical implications. In pa-
tients with thyroid cancer and long-term TSH suppression 
treatment, microarchitecture deterioration can be found in 
many of them, and risk of osteoporosis and fractures should 
be evaluated with TBS and DXA. Our results highlight the 
importance of trabecular analysis. Major strength of our 
study include, that patients were followed in a single cen-
ter. This study has the following limitations: the absence of 
a control group without LT4, a treatment that cannot be de-
nied for ethical reasons; the lack of information regarding 
the incidence of fractures during TSH suppression; and the 
potential impact of menopause status. Also the studied was 
made in a homogenous population (Caucasian women), 
and thus, we cannot generalize results to other populations. 
The key strength of this study was that patients were fol-
lowed up for a long duration in the Thyroid Unit of a sin-
gle center, and all DXA analyses were performed with the 
same equipment.

In conclusion assessment of TBS in patients with 
DTC, who underwent a total thyroidectomy and have 
long-term TSH suppression therapy, can reveal a dete-
rioration of trabecular bone, and confirms the utility of 
this technique for evaluating skeletal fragility and poten-
tial fracture risk. Unlike TBS, we did not find significant 
changes in BMD when patients were stratified by TSH 
level. Our study indicates that TSH suppression levels 
can be a major factor in TBS and BMD deterioration over 
long-term follow-up on these patients. Further studies 
are necessary to determine the adequate levels of thyroid 
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hormone and TSH levels that do not deteriorate bone 
quality in these patients.
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