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Abstract

Thyroid hormones stimulate bone turnover in adults by increasing osteoclastic bone 
resorption. TSH suppressive therapy is usually applied in patients with differentiated 
thyroid cancer (DTC) to improve the disease outcome. Over the last decades several 
authors have closely monitored the potential harm suffered by the skeletal system. 
Several studies and meta-analyses have shown that chronic TSH suppressive therapy is 
safe in premenopausal women and men. Conversely, in postmenopausal women TSH 
suppressive therapy is associated with a decrease of bone mineral density, deterioration 
of bone architecture (quantitative CT, QCT; trabecular bone score, TBS), and, possibly, an 
increased risk of fractures. The TSH receptor is expressed in bone cells and the results 
of experimental studies in TSH receptor knockout mice and humans on whether low 
TSH levels, as opposed to solely high thyroid hormone levels, might contribute to bone 
loss in endogenous or exogenous thyrotoxicosis remain controversial. Recent guidelines 
on the use of TSH suppressive therapy in patients with DTC give value not only to its 
benefit on the outcome of the disease, but also to the risks associated with exogenous 
thyrotoxicosis, namely menopause, osteopenia or osteoporosis, age >60 years, and 
history of atrial fibrillation. Bone health (BMD and/or preferably TBS) should be evaluated 
in postmenopausal women under chronic TSH suppressive therapy or in those patients 
planning to be treated for several years. Antiresorptive therapy could also be considered in 
selected cases (increased risk of fracture or significant decline of BMD/TBS during therapy) 
to prevent bone loss.

Introduction

Thyroid hormones are one of the most prescribed drugs 
in Western countries, mostly for the management of 
hypothyroidism either spontaneous or after thyroidectomy 
for benign diseases and differentiated thyroid cancer 
(DTC). The aim of treatment is to replace thyroid function 
but, in the latter condition, an additional aim is to keep 
the serum thyroid-stimulating hormone (TSH) at the 
lower limit of the normal range and possibly below (TSH 
suppressive therapy) to improve the outcome of the 
disease (see below). To obtain this biochemical endpoint 
supraphysiological doses of thyroid hormones are used 
and there is concern that this approach, particularly 
when chronically used, may increase the risk of adverse 
events, particularly for the cardiovascular system and 

in the skeleton (1, 2). In this review we will discuss the 
current indication of TSH suppressive therapy in patients 
with DTC, the potential adverse effects on bones and their 
prevention.

Thyroid hormone and TSH actions in 
bone cells

The maintenance of the adult skeletal structure and 
function requires a coordinated activity of bone-resorbing 
osteoclasts and bone-forming osteoblasts, that form the 
so-called bone multicellular unit (3). The activity of the 
bone multicellular unit is orchestrated by osteocytes  
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(cells of the osteoblastic lineage trapped in the bone 
matrix), which in response to local biomechanical factors 
(bone micro-damage and mechanical strain) and systemic 
hormonal influences, initiate the bone remodeling cycle, 
in which bone resorption and formation are coupled in 
time and space (4). Bone remodeling allows the adult 
human skeleton to replace the old and damaged tissue 
and promptly adapts to maintain calcium homeostasis. 
Uncoupling of this process leads to bone loss (if resorption 
exceeds formation) or accumulation of bone (if formation 
exceeds resorption).

Thyroid hormones

Thyroid hormones (thyroxine, T4 and triiodothyronine, 
T3) have an important effect on bone remodeling. Their 
effects are mainly mediated by the interaction of available 
intracellular T3 (either entered into the cells from the 
bloodstream or locally produced by deiodination of T4) 
with the nuclear thyroid hormone receptor α isoform in 
osteoblasts; the action of thyroid hormones on osteoclasts 
and osteocytes remains yet to be defined (5). T3 stimulates 
directly or indirectly osteoblast activities (differentiation 
and proliferation, and synthesis and mineralization of 
bone matrix) by pathways which involve cytokines and 
growth factors. T3 also stimulates osteoclastogenesis and 
osteoclast activity, but it is unclear whether these effects 
are direct or mediated by the action of T3 on osteoblasts, 
osteocytes or other bone marrow cells (5).

TSH

The expression of TSH receptor (TSHR) was firstly reported 
in osteoblasts by Inoue et al. in 1998 (6) and in osteoclasts 
by Abe et al. in 2005 (7). No data is available on osteocytes. 
In vitro experiments have shown contradictory effects on 
osteoblast differentiation and function. Moreover, the 
intracellular pathways involved following TSHR activation 
have not been yet established (5). Conversely, some studies 
have shown that TSHR activation leads to inhibition of 
osteoclastogenesis and osteoclast function. These effects 
are complex and appear to be mediated by stimulation of 
osteoprotegerin transcription (8) and inhibition of tumor 
necrosis factor α (TNFα) transcription (9).

Rationale of TSH suppressive therapy 
with levothyroxine

TSH suppressive therapy consists in the administration of 
levothyroxine (LT4) in order to reduce serum TSH levels 

below the normal range, maintaining normal levels of 
serum free T4 (FT4) and free T3 (FT3). Based on TSH levels, 
suppression is mild when TSH is maintained between 0.1 
to 0.5 mU/L, moderate when TSH is maintained between 
0.1 mU/L to 0.01 and severe when TSH is below 0.01 mU/L. 
Suppressive therapy can be finely tuned individually, 
thanks to the high sensitivity of the third-generation TSH 
assays that have a detection limit ranging between 0.004 
and 0.01 mU/L (10).

TSH suppressive therapy is aimed at reducing and 
eventually abolishing the stimulatory effect of TSH on 
function and on growth of thyroid follicular cells.

Numerous studies have proven the utility of TSH 
suppressive therapy in patients with DTC. A meta-analysis 
of 10 studies from the 1970s to the 1990s showed that TSH 
suppressive therapy was useful in decreasing mortality and 
morbidity associated with DTC (11). It is worth noting 
that in these studies the assessment of residual disease 
was not based on the use of sensitive modern tools for 
the evaluation of recurrence of DTC, i.e. neck ultrasound 
and ultrasensitive thyroglobulin assays. Subsequent 
studies based on the data of the registry of the American 
National Thyroid Cancer Treatment Cooperative Study 
Group, where sensitive diagnostic tools, namely neck 
ultrasound and ultrasensitive serum thyroglobulin assays 
were generally employed, confirmed the utility of TSH 
suppressive therapy in patients at high risk of recurrence 
(12, 13). Finally, the most recent analyses of the same 
registry data in 4941 patients (median follow-up of  
6 years) showed no benefit on survival when comparing 
patients with undetectable vs subnormal serum TSH levels 
in any stage of DTC (14).

To date only one prospective randomized clinical 
trial has been performed in this scenario. Sugitani et al. 
randomized 441 Japanese patients with DTC to receive 
or not receive TSH suppressive therapy. At the end of the 
follow-up (median 7 years), there was no difference in the 
disease-free survival (DFS) between the two groups, even 
when high-risk patients were analyzed separately (15).

The indications for TSH suppressive therapy in patients 
with DTC have changed over the years. In the 2009 
American Thyroid Association (ATA) guidelines for the 
management of DTC, moderate TSH suppressive therapy 
was recommended for all patients at high or intermediate 
risk of recurrence and mild TSH suppressive therapy for 
patients with low risk (Recommendation #40) (16). In the 
revision of these guidelines published in 2015, the indication 
for TSH suppressive therapy is based on the response to 
the initial therapy and the ongoing risk stratification, 
considering not only their benefit on outcome of DTC, 
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but also any risk associated with exogenous thyrotoxicosis, 
namely menopause, osteopenia or osteoporosis, age >60 
years, and history of atrial fibrillation (17) (Table 1).

The 2015 ATA guidelines also suggest that patients 
with DTC with a low preoperative risk can be treated 
either with total thyroidectomy or lobectomy (17). Few 
studies have evaluated the benefit of TSH suppressive 
therapy in the latter group. In a retrospective analysis, 446 
Korean patients with low-risk, small DTC who underwent 
lobectomy and prophylactic lymph node dissection were 
treated or were not treated with TSH suppressive therapy 
and were monitored for a median of 8.6 years. Patients 
were assigned to one of the following groups of serum 
TSH (<0.5 mU/L, 0.5–1.9 mU/L, 2.0–4.4 mU/L, and  
>4.5 mU/L) according to values obtained in >75% of 
multiple TSH determinations. No difference in DFS 
was observed between patients who had or had not 
‘suppressed’ serum TSH (<2.0 mU/L), even though the rate 
of biochemically indeterminate response was significantly 
higher in those whose serum TSH >2.0 mU/L (18). The 
authors suggested that LT4 therapy should only be given 
to patients with post-operative hypothyroidism (18). On 
the basis of this limited data, the 2015 ATA guidelines do 
not recommend TSH suppressive therapy in patients with 
low-risk DTC treated with lobectomy (17).

Effects of TSH suppressive therapy on the 
human skeleton

Thyroid hormones have a fundamental role in the 
regulation of adult bone turnover and many studies have 
evaluated the effects of their excess on bone remodeling 
and on the risk of osteoporosis and fragility fractures.

Bone mineral density (BMD)

Bone mineral density (BMD) estimated by dual X-ray 
absorptiometry (DXA) is commonly used to evaluate 

bone health and fracture risk. Given the good reliability 
and reproducibility, and low costs, BMD estimated by 
DXA became the reference standard for the diagnosis of 
osteoporosis and for fracture risk stratification (19, 20). It 
is well known that for each standard deviation decrease 
in BMD there is a two-fold increase in fracture risk (21).

In an historical study by Ross et al., radial BMD was 
measured by single photon absorptiometry in 28 white 
premenopausal females who received TSH suppressive 
therapy (TSH <0.1 mU/mL) for 5 years or more. A 
significant BMD reduction (about 10% vs normal controls) 
was observed in women receiving LT4 therapy for 10 years 
or more (22).

Since then osteoporosis become a major concern for 
the endocrinologists, several studies have evaluated the 
effect of chronic LT4 therapy on bone mass mostly in pre- 
and postmenopausal women, but also in men (23, 24). Our 
group has contributed to this topic with studies involving 
women and men in long term TSH suppressive therapy 
for DTC (23, 25). We found no significant difference in 
BMD between 47 premenopausal women chronically 
treated (mean 10.1 years) with suppressive doses of LT4, 
individually adjusted (to use the minimal dose) and aged 
and matched controls (23). In a cross-sectional analysis, 
which included 34 men who were given the minimal 
suppressive doses of LT4 for a mean of 10.2 years, we 
found no significant difference in BMD at any site (lumbar 
spine, femoral neck, Ward's triangle, and trochanter) 
between patients and age- and weight-matched controls. 
In addition, no correlation was shown between BMD and 
the duration of therapy, cumulative or for daily doses of 
LT4 and serum levels of FT3 and FT4 (25).

Several other studies have addressed the influence 
of TSH suppressive therapy on BMD in women, with 
variable results due to difference in the study design 
(cross-sectional, longitudinal, case-control), in number 
and type of patients enrolled (male, premenopausal or 
postmenopausal women) and in follow-up duration.  

Table 1 Indication for TSH suppressive therapy in patients with differentiated thyroid cancer according to the ongoing risk 
stratificationa.

Thyroid surgery Total thyroidectomy Lobectomy
Response Excellentb Indeterminatec Biochemical incompleted Structural incompletee Low-risk patients 

TSH suppression No
TSH ≥ 0.5 mU/mL 

Mild
TSH 0.1–0.5 mU/L

Mild
TSH 0.1–0.5 mU/L

Moderate
0.1–0.01 mU/L

No
TSH ≥ 0.5 mU/mL

Benefit/risk 
assessment

Consider potential harm of exogenous thyrotoxicosis (atrial fibrillation, osteoporosis, osteopenia, 
tachycardia, older age, menopause) and eventually downgrade the TSH target values

aAccording to the latest ATA guidelines (8). bExcellent response: no clinical, biochemical, or structural evidence of disease (8). cIndeterminate response: 
nonspecific biochemical or structural findings that cannot be confidently classified as either benign or malignant. This includes patients with stable or 
declining Tg antibody levels without definitive structural evidence of disease (8). dBiochemical incomplete response: abnormal Tg or rising Tg antibody 
levels in the absence of localizable disease (8). eStructural incomplete response: persistent or newly identified loco-regional or distant metastases (8).
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These studies have been summarized over the years in 
five meta-analysis (26, 27, 28, 29, 30). The results of these 
five meta-analyses substantially agree with our findings, 
showing that TSH-suppressive therapy was deleterious 
on BMD in postmenopausal but safe in premenopausal 
women and men (26, 27, 28, 29, 30). In detail, Faber 
et al., analyzed 13 case-controls studies which showed a 
significantly greater decline of BMD during TSH suppressive 
therapy in postmenopausal compared to premenopausal 
women. The estimated year loss was 0.13% in the former 
and 1% in the latter (26). Heemstra et  al. reported 
similar results analyzing 21 studies involving pre- and 
postmenopausal women given TSH suppressive therapy 
for DTC (27). More recently, Papalentiou et  al. showed 
more conflicting results among postmenopausal women. 
They analyzed 17 clinical studies, 4 were longitudinal and 
13 cross-sectional. In longitudinal trials, TSH suppressive 
therapy was associated with a higher reduction of BMD 
in postmenopausal women compared to controls. Among 
cross-sectional studies, however, 5 studies reported a 
reduction of BMD, 6 studies indicated no change and 2 
studies showed an increase. It is worth noting that the 
studies with conflicting results enrolled a limited number 
of patients (an average of 30) with a short follow-up 
(mean less than 3 years) (28). Yoon et  al. limited the 
evaluation to cross sectional studies with a control group, 
and found that BMD at lumbar spine and femoral neck in 
premenopausal women (8 studies, 183 patients and 227 
controls) was significantly higher in patients compared 
to controls, whereas there was no difference at the total 
hip. Conversely, in postmenopausal women (10 studies, 
318 patients and 538 controls) lumbar spine and total hip 
BMD, but not femoral neck, were significantly lower in 
patients compared with controls (29). Finally, recently 
Wang et  al. analyzed 11 case control studies and found 
no difference in BMD in the lumbar spine and femoral 
neck in women independently of the menopausal status 
(30). Although less information is available on the effect 
of TSH suppressive therapy on the BMD in men, the data 
derived from the above-mentioned meta-analyses showed 
no deleterious effect (27, 28, 29, 30). Heemstra et  al. (8 
studies included) showed no impact on BMD among a 
total of 147 men in TSH-suppressive therapy (27). Only a 
mild deleterious effect on BMD was reported by one study 
in which both patients who received TSH suppressive 
therapy and patients with Graves’ disease were enrolled 
(31). Yoon et  al. evaluated four case-control studies (66 
patients and 67 controls) and none of them showed a 
significant difference between patients and controls (29) 

Finally, similar results were recently reported by Wang 
et al. (30).

In summary, TSH suppressive therapy is associated 
with bone loss in postmenopausal but not premenopausal 
women and men. The safety of LT4 suppressive therapy 
in premenopausal women suggests a protective role of 
estrogen on LT4-induced bone loss. This hypothesis is 
supported by the study of Schneider et al., who evaluated 
BMD at the lumbar spine, hip and radius in 991 white 
postmenopausal women (age range 50-98 years) enrolled 
in a study on osteoporosis (32). The cohort included 196 
women taking the thyroid hormone for a mean duration 
of 20.4 years and 795 women who were not using the 
thyroid hormone. The use of LT4 doses ≥1.6 μg/kg body 
weight, but not for lower doses, was associated with 
lower BMD at any site compared with ‘not users’, after 
correction for several confounding factors. Of note, BMD 
among women taking LT4 doses ≥1.6 μg/kg and estrogens 
was higher than in women taking the same dose of LT4. 
Finally, women taking LT4 and estrogen had BMD values 
similar to those of women taking only estrogens (32). 
Unfortunately, these compelling results were not further 
investigated in prospective studies.

LT4 suppressive therapy nowadays has more limited 
indications; however, according to the latest ATA 
guidelines, it might still play a role in patients with DTC 
and indeterminate, biochemical and structural incomplete 
responses (Table 1). In these patients the benefit/risk ratio 
needs to be evaluated individually. This issue has been 
addressed in a cohort of 771 patients (73.8% women) 
with low-intermediate risk of recurrence treated by total 
thyroidectomy and followed for a median of six and 
half years (33). Patients were grouped according to the 
available serum TSH results during the study: suppressed 
(median TSH ≤0.4 mU/mL) and not suppressed (median 
TSH >0.4 mU/mL). Recurrence occurred in 43 (5.6%) 
patients, with no difference according to median serum 
TSH. Atrial fibrillation was diagnosed in 17 patients 
(2.3%) and osteoporosis in 29 patients (3.9%), the 
latter at a statistically significant higher rate in women 
with suppressed TSH compared with those with a non-
suppressed median TSH (HR 3.5, (CI 1.2–10.2)) (33). This 
data is consistent with the observation of Flynn and 
colleagues in 17,684 patients (excluding those treated for 
thyroid cancer or euthyroid goiter; 85.9% female with a 
mean age of 60.3 years) living in Tayside, Scotland, who 
were taking LT4 for a median of 4.5 years. Patients with 
suppressed TSH (≤0.03 mU/L), but not those with low TSH 
(0.04–0.4 mU/L) had an increased risk of cardiovascular 
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disease (HR 1.37 (1.17–1.60)), dysrhythmias (1.60  
(1.10–2.33)) and osteoporosis (2.02 (1.55–2.62)) (34).

Trabecular bone score (TBS) and quantitative 
computed tomography (QCT)

DXA is an excellent tool to assess bone quantity and, 
as previously mentioned, low BMD by DXA is a useful 
predictor for fractures. Nonetheless, it is well known 
that most fractures occur in women with normal levels 
of BMD (21, 35). Alterations of bone microarchitecture, 
not detected by DXA, are associated with an increased 
risk of fracture, independently from BMD (36, 37), 
as often seen in some endocrine disorders, namely 
acromegaly, Cushing’s disease, hyperparathyroidism and 
hyperthyroidism (38, 39, 40). Another classical example is 
glucocorticoid-induced osteoporosis, where for the same 
BMD the risk of fracture is higher in postmenopausal 
women taking glucocorticoids compared to ‘not users’ 
(41). In this clinical scenario, techniques that evaluate the 
bone quality are particularly useful.

Trabecular bone score (TBS) is a textural index that is a 
result of computed evaluation of pixel grey-level variations 
in lumbar spine DXA images. TBS can be used as an index 
of the bone microstructure and it is strongly related to 3D 
bone structure parameters, such as the trabecular number, 
the trabecular separation, and connectivity (42, 43).

Different studies have evaluated the relationship 
between thyroid function and TBS. Hwangbo et  al. 
evaluated TBS and BMD in 1736 euthyroid subjects (648 
postmenopausal women and 728 men). No association 
was shown between lumbar BMD and thyroid hormones 
levels, whereas high-normal FT4 levels were negatively 
correlated with TBS in postmenopausal women (44). 
Very recently, Kuzma et al. showed a lower TBS value in 
21 premenopausal women with untreated Graves’ disease 
compared to healthy controls (45). Among patients 
given TSH suppressive therapy, different studies showed 
an impairment of TBS especially in postmenopausal 
women. De Mingo Dominguez et al. analyzed BMD, TBS, 
and bone turnover markers in 61 premenopausal and 84 
postmenopausal Caucasian women at baseline (within 
3 months after total thyroidectomy) and after 10 years 
of TSH suppressive therapy. Postmenopausal women 
showed a lower TBS compared to premenopausal women 
and there was no correlation between changes in TBS and 
BMD (46). In another retrospective cohort study involving 
273 postmenopausal women with DTC treated with 

TSH suppressive therapy, Moon et  al. showed that TSH 
suppressive therapy was associated with lower TBS and 
this association was independent of age, BMI, and BMD 
(47). In addition, they showed that TBS was significantly 
lower in patients receiving TSH suppressive therapy for 5 
years or more compared with those treated for less than 
three years, after adjustment for age, BMI and BMD (47).

High-resolution quantitative CT (HR-QCT) is a non-
invasive, low radiation method for studying volumetric 
bone mineral density (vBMD) and bone microarchitecture 
(48). It can be performed at lumbar site (central QCT, 
cQCT) or at distal radius and tibia (peripheral QCT, 
pQCT). Computed image analysis provides several 
parameters related to bone structures as bone volume, 
trabecular thickness, trabecular bone mineral density, 
cortical thickness, cortical bone mineral density, etc. 
Its application in clinical research has increased our 
knowledge of bone architecture and bone impairment 
across a wide range of metabolic disorders (48, 49).

Few studies have evaluated bone architecture using 
QCT in patients given TSH suppressive therapy (50, 
51). Tournis et al. performed pQCT and DXA at hip and 
lumbar spine in 80 women (40 premenopausal and 40 
postmenopausal) treated with TSH suppressive therapy 
for DTC and in 89 controls. BMD by DXA did not differ 
between pre- and postmenopausal women. Conversely, 
pQCT showed a lower trabecular bone mineral content, 
area and vBMD in postmenopausal women given 
TSH suppressive therapy compared to controls (50). 
Moreover, Kim et al. evaluated by DXA, TBS and cQCT 81 
postmenopausal women (median age 58 years) receiving 
TSH suppressive therapy for DTC for a median of 5 years. 
When DXA and cQCT were compared, the diagnosis of 
osteoporosis was higher using cQCT rather than DXA 
(31 vs 21% respectively). In addition, in 46 patients 
with normal T-score by DXA, the diagnosis shifted to 
osteopenia and to osteoporosis when volumetric BMD 
(vBMD) by cQCT was considered. When TBS and DXA 
were compared, there was no significant correlation 
between BMD and TBS. Finally, when TBS and vBMD were 
compared, TBS was lower in patients with osteopenia and 
osteoporosis than in those with normal value of vBMD on 
cQCT (51).

This data supports the idea that the TSH suppressive 
therapy induces microarchitecture alterations of bones 
and that this qualitative impairment is better evaluated 
using sensitive techniques (TBS or p/cQCT) rather than 
BMD estimated by DXA.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-20-0167

https://ec.bioscientifica.com © 2020 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-20-0167
https://ec.bioscientifica.com


A Brancatella and C Marcocci TSH and bone R163

PB–XX

9:7

Ta
bl

e 
2 

Ri
sk

 o
f f

ra
gi

lit
y 

fr
ac

tu
re

s 
in

 p
at

ie
nt

s 
tr

ea
te

d 
w

ith
 le

vo
th

yr
ox

in
e.

A
ut

ho
r,

 Y
ea

r
Co

un
ty

St
ud

y 
de

si
gn

Co
ho

rt
Fo

llo
w

-u
p 

(m
ea

n 
ye

ar
s)

Co
nt

ro
l g

ro
up

Fr
ac

tu
re

 a
ss

es
sm

en
t

Ri
sk

 o
f f

ra
gi

lit
y 

fr
ac

tu
re

s

St
ud

ie
s 

in
vo

lv
in

g 
un

se
le

ct
ed

 p
at

ie
nt

s
 

Le
es

e 
et
 a
l. 

 
19

92
 (5

8)
Sc

ot
la

nd
Po

pu
la

tio
n

11
80

 p
at

ie
nt

s 
(7

0%
 

po
st

m
en

op
au

sa
l f

em
al

e)
:

• 
69

1:
 T

SH
 <

 0
.0

5 
m

U
/L

• 
44

8:
 T

SH
 0

.0
5–

4 
m

U
/L

• 
41

: T
SH

 >
 4

.0
 m

U
/L

8.
6

G
en

er
al

 p
op

ul
at

io
n 

w
ith

 n
or

m
al

 le
ve

l  
of

 T
SH

 

X-
ra

y 
N

o 
di

ff
er

en
ce

 

 
So

lo
m

on
 e
t a

l. 
19

93
 (5

9)
U

SA
Cr

os
s-

se
ct

io
na

l 
16

0 
po

st
m

en
op

au
sa

l w
om

en
 

w
ith

 th
yr

oi
d 

di
se

as
e:

• 
44

 g
oi

te
r

• 
11

 c
an

ce
r

• 
41

 h
yp

ot
hy

ro
id

is
m

• 
32

 h
yp

er
th

yr
oi

di
sm

 (t
re

at
ed

)
• 

32
 n

od
ul

es

N
.A

.
14

0 
w

om
en

 w
ith

ou
t 

th
yr

oi
d 

di
se

as
e 

Q
ue

st
io

nn
ai

re
 

N
o 

di
ff

er
en

ce
 

 
N

gu
ye

n 
et
 a
l. 

19
97

 (6
0)

U
SA

Cr
os

s-
se

ct
io

na
l 

13
6 

m
en

 (m
ed

ia
n 

ag
e 

43
 y

) 
tr

ea
te

d 
w

ith
 to

ta
l 

th
yr

oi
de

ct
om

y:

• 
63

 a
de

no
m

a
• 

30
 g

oi
te

r
• 

26
 h

yp
er

th
yr

oi
di

sm
• 

9 
ca

nc
er

• 
8 

m
is

ce
lla

ne
ou

s 

30
 

13
6 

ag
e-

m
at

ch
ed

 
co

nt
ro

l
Cl

in
ic

al
 r

ec
or

ds
 

H
ig

he
r 

ri
sk

 o
f h

ip
 

fr
ac

tu
re

s
H

R 
3.

1 
(C

I 1
.4

–6
.2

)

 
M

el
to

n 
et
 a
l. 

20
00

 (6
1)

U
SA

Po
pu

la
tio

n
63

0 
w

om
en

 (m
ed

ia
n 

ag
e 

42
 y

) 
tr

ea
te

d 
w

ith
 th

yr
oi

de
ct

om
y 

(to
ta

l o
r 

pa
rt

ia
l):

• 
70

%
 a

de
no

m
a

• 
3%

 g
oi

te
r

• 
27

%
 m

is
ce

lla
ne

ou
s

40
Co

m
m

un
ity

 p
op

ul
at

io
n

X-
ra

y 
Sl

ig
ht

ly
 h

ig
he

r 
ri

sk
 

of
 h

ip
 fr

ac
tu

re
s

SI
R 

1.
3 

(C
I 1

.0
1–

1.
8)

 
Sh

ep
pa

rd
 e
t a

l. 
20

02
 (6

2)
U

K
Po

pu
la

tio
n

23
,1

83
 (6

6%
 o

ld
er

 th
an

 6
0 

y)
 

pa
tie

nt
s

3.
1 

92
,7

32
 c

on
tr

ol
s 

m
at

ch
ed

 fo
r 

ag
e,

 s
ex

, 
pr

im
ar

y 
ca

re
 p

ra
ct

ic
e,

 
an

d 
du

ra
tio

n 
of

 
re

gi
st

ra
tio

n 
on

 th
e 

da
ta

ba
se

 

H
ip

 fr
ac

tu
re

s 
de

ri
ve

d 
fr

om
 

cl
in

ic
al

 r
ec

or
ds

 

H
ig

he
r 

ri
sk

 o
f h

ip
 

fr
ac

tu
re

 in
 m

en
O

R 
1.

69
 (C

I 
1.

12
–2

.5
6)

 
Fl

yn
n 
et
 a
l. 

 
20

10
 (3

4)
Sc

ot
la

nd
 

Po
pu

la
tio

n
15

,1
91

 w
om

en
 (m

ea
n 

ag
e 

60
 y

) 
an

d 
24

93
 m

en
 (m

ea
n 

ag
e 

62
 y

) 
(p

at
ie

nt
s 

tr
ea

te
d 

fo
r 

th
yr

oi
d 

ca
nc

er
 o

r 
go

ite
r 

ex
cl

ud
ed

):

• 
10

70
: T

SH
 <

 0
.0

3 
m

U
/L

• 
37

31
: T

SH
 0

.0
4–

0.
4 

m
U

/L
• 

10
,9

08
: T

SH
 0

.4
–4

.0
 m

U
/L

• 
19

75
: T

SH
 >

 4
.0

 m
U

/L

8.
2

In
te

rg
ro

up
 a

na
ly

si
s 

O
st

eo
po

ro
tic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 IC
D

 c
od

es
 

H
ig

he
r 

ri
sk

 o
f 

fr
ac

tu
re

s 
in

 
pa

tie
nt

s 
w

ith
:

• 
TS

H
 <

 0
.0

3 
m

U
/L

: H
R 

2.
02

 
(C

I 1
.5

5–
2.

62
)

• 
TS

H
 >

 4
.0

 m
U

/L
: 

H
R 

1.
83

 (C
I 

1.
41

–2
.3

7)
vs

 T
SH

 b
et

w
ee

n 
0.

4–
4 

m
U

/L

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-20-0167

https://ec.bioscientifica.com © 2020 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-20-0167
https://ec.bioscientifica.com


A Brancatella and C Marcocci TSH and bone R1649:7

 
Tu

rn
er

 e
t a

l. 
 

20
11

 (6
3)

Ca
na

da
 

Po
pu

la
tio

n
10

7,
39

6 
w

om
en

 a
nd

 1
3,

77
8 

m
en

 
(m

ea
n 

ag
e 

81
 y

):

• 
22

,2
36

: a
t l

as
t o

ne
 fr

ac
tu

re
• 

19
1,

27
5 

w
ith

ou
t f

ra
ct

ur
e

3.
6

In
te

rg
ro

up
 a

na
ly

si
s

O
st

eo
po

ro
tic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 h
os

pi
ta

l 
re

co
rd

s 

H
ig

he
r 

ri
sk

 o
f 

fr
ac

tu
re

 in
 c

ur
re

nt
 

us
er

s 
of

 L
T4

 v
s 

pa
st

 u
se

rs
: O

R 
1.

88
 (1

.7
1–

2.
05

)
 

Ko
 e
t a

l. 
 

20
14

 (6
4)

So
ut

h 
Ko

re
a 

Po
pu

la
tio

n
11

,1
55

 w
om

en
 (m

ea
n 

ag
e 

71
 y

):

• 
22

96
: L

T4
 <

 5
0 

µg
/d

• 
60

97
: L

T4
 5

1–
10

0 
µg

/d
• 

16
74

: L
T4

 1
01

–1
50

 µ
g/

d
• 

10
88

: L
T4

 >
 1

50
 µ

g/
d

1.
5 

In
te

rg
ro

up
 a

na
ly

si
s 

O
st

eo
po

ro
tic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 IC
D

 c
od

es
 

H
ig

he
r 

ri
sk

 o
f 

fr
ac

tu
re

s 
in

 
w

om
en

 ta
ki

ng
 L

T4
 

> 
15

0 
µg

/d
: H

R 
1.

93
 (C

I 1
.1

4–
3.

26
)

 
Vi

ni
ol

 e
t a

l. 
 

20
16

 (6
5)

G
er

m
an

y
Po

pu
la

tio
n

73
,9

00
 w

om
en

 a
nd

 1
9,

35
2 

m
en

 
(m

ea
n 

ag
e 

71
 y

) 
6 

70
5,

51
8 

ag
e-

m
at

ch
ed

 
co

nt
ro

ls
 

O
st

eo
po

ro
tic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 IC
D

 c
od

es
 

H
ig

he
r 

ri
sk

 o
f 

fr
ac

tu
re

s
H

R 
1.

06
 (C

I 
1.

05
–1

.0
8)

 
H

un
g 
et
 a
l. 

 
20

18
 (6

6)
Ta

iw
an

Po
pu

la
tio

n
82

3 
w

om
en

 a
nd

 1
29

 m
en

 (m
ea

n 
ag

e 
42

 y
) t

re
at

ed
 w

ith
 to

ta
l 

th
yr

oi
de

ct
om

y 
or

 lo
be

ct
om

y

14
57

04
 p

ro
pe

ns
ity

 s
co

re
 

m
at

ch
ed

 c
on

tr
ol

s 
w

ith
ou

t t
hy

ro
id

 
di

se
as

e 

O
st

eo
po

rt
ic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 c
lin

ic
al

 
re

co
rd

s 

H
ig

he
r 

ri
sk

 o
f 

fr
ac

tu
re

s 
in

 
pa

tie
nt

s 
tr

ea
te

d 
w

ith
 T

x:
 H

R 
1.

43
 

(C
I 1

.1
6–

1.
77

)
St

ud
ie

s 
in

vo
lv

in
g 

pa
ti

en
ts

 w
it

h 
di

ff
er

en
ti

at
ed

 t
hy

ro
id

 c
an

ce
r

 
Fu

jiy
am

a 
et
 a
l. 

19
95

 (6
7)

Ja
pa

n
Cr

os
s-

se
ct

io
na

l
24

 p
os

tm
en

op
au

sa
l w

om
en

:

• 
12

: T
SH

 <
 0

.1
 m

U
/L

• 
12

: T
SH

 >
 0

.1
 m

U
/L

12
17

9 
ag

e-
m

at
ch

ed
 

he
al

th
y 

w
om

en
X-

ra
y

N
o 

di
ff

er
en

ce
 

 
H

ei
jc

km
an

n 
et
 a
l. 

20
05

 (6
8)

Th
e N
et

he
rl

an
d 

Cr
os

s-
se

ct
io

na
l

26
 p

re
m

en
op

au
sa

l,1
4 

po
st

m
en

op
au

sa
l w

om
en

 a
nd

 
19

 m
en

 w
ith

 T
SH

 <
 0

.0
1 

m
U

/L

5 
G

en
er

al
 h

ea
lth

y 
po

pu
la

tio
n 

X-
ra

y 
N

o 
di

ff
er

en
ce

 

 
Re

ve
rt

er
 e
t a

l. 
20

10
 (6

9)
Sp

ai
n

Cr
os

s-
se

ct
io

na
l

33
 m

en
 (m

ea
n 

ag
e 

56
 ±

 1
4 

y)
 

w
ith

 D
TC

 a
nd

 T
SH

 <
 0

.1
 m

U
/L

 
15

33
 a

ge
 a

nd
 B

M
I-

m
at

ch
ed

 c
on

tr
ol

s 
X-

ra
y

Q
ue

st
io

nn
ai

re
 

N
o 

di
ff

er
en

ce
 

 
Ve

ra
 e
t a

l. 
 

20
16

 (7
0)

Ita
ly

Cr
os

s-
se

ct
io

na
l

16
 p

re
m

en
op

au
sa

l a
nd

 5
8 

po
st

m
en

op
au

sa
l w

om
en

 w
ith

 
D

TC
 (m

ea
n 

TS
H

 0
.2

3 
m

U
/L

)

5
12

0 
ag

e,
 B

M
I a

nd
 

m
en

op
au

sa
l s

ta
te

-
m

at
ch

ed
 c

on
tr

ol

An
am

ne
st

ic
 

N
o 

di
ff

er
en

ce
 

 
M

az
zi

ot
ti 
et
 a
l. 

20
18

 (7
1)

Ita
ly

Cr
os

s-
se

ct
io

na
l

17
9 

po
st

m
en

op
au

sa
l w

om
en

:

• 
83

: T
SH

 <
 0

.5
 m

U
/L

• 
50

: T
SH

 0
.5

–1
.0

 m
U

/L
• 

46
: T

SH
 >

 1
.0

 m
U

/L

5
In

te
rg

ro
up

 a
na

ly
si

s 
X-

ra
y

H
ig

he
r 

in
ci

de
nc

e 
of

 
ve

rt
eb

ra
l f

ra
ct

ur
e 

in
 th

e 
gr

ou
p 

w
ith

 
TS

H
 <

 0
.5

 m
U

/L
 (P

 
< 

0.
00

1)
 

Li
n 
et
 a
l. 

 
20

18
 (7

2)
Ta

iw
an

Po
pu

la
tio

n
71

66
 w

om
en

 a
nd

 2
23

2 
m

en
 

(m
ea

n 
ag

e 
45

 y
) t

re
at

ed
 w

ith
 

to
ta

l t
hy

ro
id

ec
to

m
y

5
93

98
 p

ro
pe

ns
ity

 s
co

re
 

m
at

ch
ed

 c
on

tr
ol

s 
w

ith
ou

t t
hy

ro
id

 
di

se
as

es

O
st

eo
po

ro
tic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 IC
D

 c
od

es
 

N
o 

di
ff

er
en

ce

 
Sh

in
 e
t a

l. 
 

20
18

 (7
3)

 
      

So
ut

h 
Ko

re
a 

       

Po
pu

la
tio

n 
       

15
4,

03
4 

w
om

en
 a

nd
 3

1,
92

2 
m

en
 

(m
ea

n 
ag

e 
47

 y
) t

re
at

ed
 w

ith
 

to
ta

l t
hy

ro
id

ec
to

m
y 

or
 

lo
be

ct
om

y:

• 
46

,7
18

: L
T4

 <
 1

15
 µ

g/
d

• 
47

,6
93

: L
T4

 1
15

–1
44

 µ
g/

d
• 

46
,7

01
: L

T4
 1

45
–1

69
 µ

g/
d

• 
44

,8
44

: L
T4

 >
 1

70
 µ

g/
d

4.
3        

18
5,

95
6 

pr
op

en
si

ty
 

sc
or

e 
m

at
ch

ed
 

co
nt

ro
ls

 w
ith

ou
t 

th
yr

oi
d 

ca
nc

er
  

    

O
st

eo
po

ro
tic

 
fr

ac
tu

re
s 

de
ri

ve
d 

fr
om

 h
os

pi
ta

l 
ad

m
is

si
on

 r
ec

or
ds

  
    

N
o 

di
ff

er
en

ce
H

ig
he

r 
ri

sk
 in

 
pa

tie
nt

s 
tr

ea
te

d 
w

ith
 L

T4
 >

 1
70

 
m

cg
/d

 (H
R 

1.
25

 
(C

I 1
.0

7–
1.

45
)) 

vs
 

LT
4 

11
5–

14
4 

µg
/d

 
 

CI
, c

on
fid

en
ce

 in
te

rv
al

; D
TC

, d
iff

er
en

tia
te

d 
th

yr
oi

d 
ca

nc
er

; H
R,

 h
az

ar
d 

ra
tio

; I
CD

, i
nt

er
na

tio
na

l c
la

ss
ifi

ca
tio

n 
of

 d
is

ea
se

s;
 L

T4
, l

ev
ot

hy
ro

xi
ne

; N
.A

., 
no

t a
pp

lic
ab

le
; O

R,
 o

dd
s 

ra
tio

; S
IR

, s
ta

nd
ar

di
ze

d 
in

ci
de

nc
e 

ra
tio

.

This work is licensed under a Creative Commons 
Attribution-NonCommercial 4.0 International License.https://doi.org/10.1530/EC-20-0167

https://ec.bioscientifica.com © 2020 The authors
Published by Bioscientifica Ltd

https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1530/EC-20-0167
https://ec.bioscientifica.com


A Brancatella and C Marcocci TSH and bone R165

PB–XX

9:7

Fracture risk

Osteoporotic fractures are a common health problem, 
particularly in postmenopausal women, and are associated 
with high morbidity and mortality (52).

Hyperthyroidism is associated with an increased risk 
of fractures. This association was firstly shown in 1995 
by Cummings et al. in 9516 white women aged 65 years 
or older for a median follow-up of 4 years. During this 
period, 192 women had non-traumatic hip fractures. 
Previous hyperthyroidism, current use of anticonvulsant 
drugs, family history of hip fracture, and use of LT4 
therapy were the major risk factors (53). It should be 
highlighted that LT4 therapy was no longer a risk factor, 
when patients with prior hyperthyroidism were excluded 
from the analysis (53).

Many studies involving a large number of subjects 
have evaluated the association between ‘endogenous’ 
(toxic adenoma and toxic multinodular goiter) 
subclinical/mild thyroid hormone excess and the risk of 
fractures, particularly in postmenopausal women (54, 
55). Garin et al. evaluated 4936 individuals of 65 years or 
older monitored for a median of 12 years. No association 
was found between subclinical thyroid dysfunction 
(hypothyroidism and hyperthyroidism) and the incidence 
of hip fractures (54). In the same study, no association 
was shown between subclinical thyroid dysfunction and 
BMD at the lumbar spine, total hip, or femoral neck in 
1300 individuals tested by DXA (54). In contrast Murphy 
et al. showed an association between FT4 and FT3 levels 
at the upper normal range and the risk of nonvertebral 
fracture, among 2400 postmenopausal women (55). 
After adjustment for BMI, age and BMD, the risk of 
nonvertebral fracture was increased by 20% in women 
with higher FT4 levels. In addition, higher levels of TSH 
showed a protective effect, with a risk reduction of 35% 
(55). This data seems to be concordant with the results of 
different meta-analysis which focused on the subclinical 
alterations of thyroid function and the fracture risk (56, 
57). In a systematic meta-analysis including about 50,000 
participants from 7 high quality studies, Wirth et  al. 
showed that the hazard ratios of subjects with subclinical 
hyperthyroidism were 2.16 (95% CI 0.87 to 5.37) for hip 
fracture and 1.43 (95% CI 0.73 to 2.78) for non-spine 
fractures compared to subjects with normal thyroid 
function (56). These results were confirmed by Blum 
et al., analyzing 13 prospective cohort studies involving 
more than 70,000 participants (57). The HR for hip 
fractures (1.36 (95% CI 1.13 to 1.64)), and any fracture 
(1.28 (CI 1.06 to 1.43)), but not for non-spine fractures  

(1.16 (95% CI 0.95 to 1.41)) and spine fractures (1.51 
(95% CI 0.93 to 2.45)), were significantly higher in 
patients with subclinical hyperthyroidism than in 
subjects with normal thyroid function (57). Furthermore, 
in a subgroup analysis, these authors showed a negative 
correlation between TSH levels below 0.1 and the risk of  
fractures (57).

Several studies, mainly population-based, have 
evaluated the relationship between treatment with LT4 
and fracture risk in unselected patients treated with LT4 
and, with few exceptions (58, 59), an increased risk of 
osteoporotic fracture was found (34, 60, 61, 62, 63, 64, 65, 
66) (Table 2). Noteworthy, although these studies included 
a large number of patients with an extensive follow-up, 
important data was often missing, namely the indication 
of LT4 therapy, the previous history of hyperthyroidism, 
the dosage of LT4 therapy, and the serum TSH  
values (Table 2).

Five cross-sectional studies, involving a limited 
number of patients, have focused on the risk of fracture 
in patients with DTC treated with TSH suppressive 
therapy (67, 68, 69, 70, 71) (Table 2). Fujiyama et  al. 
evaluated 24 postmenopausal women treated with total 
thyroidectomy for DTC and found no difference in the 
incidence of vertebral deformity nor in the rate of bone 
loss between patients and 179 age-matched controls (67). 
Similar results were reported in three successive case-
control studies. In the first, Heijckmann et al. evaluated 
59 patients (40 pre- and postmenopausal women and 
19 men) receiving TSH suppressive therapy for DTC and 
found no difference in the rate of prevalent vertebral 
fracture between patients and NHANES (National Health 
and Nutrition Examination Survey) III reference group 
either in women or men (68). In the second study 
Reverter et al. evaluated 33 men (mean age 56 ± 14 years) 
given TSH suppressive therapy with a median of 15 years 
and found no difference in the rate of either prevalent or 
incident (asymptomatic; 18.8 vs 16.7%) vertebral fractures 
between patients and 33 age-matched controls (69). In 
the third, Vera et al. retrospectively evaluated the rate of 
prevalent and incident major osteoporotic fractures and 
hip fractures in 74 women (78% postmenopausal) with 
DTC with two or more BMD measurements and found 
no difference compared with a cohort of 120 euthyroid 
woman comparable for age, menopausal status and BMI, 
selected among patients evaluated for bone health (70). 
At variance with these studies, Mazziotti et al. evaluated 
the incidence of radiological vertebral fractures in 179 
consecutive women (median age 59 years, all but one 
postmenopausal) treated with total thyroidectomy for 
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DTC attending to an outpatient endocrine clinic and 
evaluated for bone health (personal communication 
from the authors) (71). Patients were divided in three 
groups according to the TSH levels during LT4 therapy 
(group 1: TSH < 0.5 mU/L; group 2: TSH between 0.5 
mU/L and 1 mU/L; group 3: TSH > 1 mU/L). Vertebral 
fractures were detected in 28.5% of patients with 
higher prevalence among women of group 1 compared 
to other two groups (44.6, 24 and 3.3%, respectively). 
Interestingly, the prevalence of vertebral fractures in 
group 1 was independent of BMD (normal, osteopenia 
or osteoporosis), whereas in groups two and three it was 
higher in the osteoporotic than in the other two groups. 
Finally, in the whole cohort, vertebral fractures were 
independently associated with serum TSH < 1mU/mL, 
age and duration of LT4 therapy (71). Unfortunately, this 
interesting study lacks a control group.

To our knowledge, only two population-based studies 
have investigated the risk of osteoporotic fracture in 
patients given TSH suppressive for DTC (72, 73) (Table 2). 
Lin et al. evaluated a retrospective cohort of 9398 patients 
with thyroid cancer (69.5% aged less than 49 years, 75.8% 
women) newly diagnosed in Taiwan during the period 
1999–2011, who received (n = 8860) or didn’t receive 
(n = 538) LT4 therapy and compared the risk of fractures 
between patients and the propensity score matched 
non-thyroid controls (n = 9398). The mean follow-up 
was 6.5, 5.5 and 6.6 years, respectively. The incidence 
of osteoporotic fractures (ICD-9-CM code 733.1) did not 
differ between thyroid cancer patients (adjusted HR 1.32, 
CI 0.93–1.87) and non-thyroid controls and between LT4-
treated (adjusted HR 3.42, CI 0.83–14.1) and untreated 
patients. Conversely, the incidence of osteoporosis was 
higher in thyroid cancer patients (adjusted HR 1.40; CI 
1.22–1.61) than in non-thyroid controls and in LT4-
treated (adjusted HR 2.02; CI 1.18–3.44) than in untreated 
patients (72). Conversely, Shin et  al. compared the risk 
of fractures between 154,034 women and 31,922 men 
(mean age 47 years) with DTC treated with LT4 and 
185,956 propensity score matched non-thyroid controls. 
Patients were clustered in four groups according to daily 
dose of LT4 (group 1 = LT4 < 115 µg/day; group 2 = LT4 
115–144 µg/day; group 3 = LT4 145–169 µg/day; group 
4 = LT4 > 170 µg/day). The risk for osteoporotic fracture 
did not differ between patients and controls. Nevertheless, 
patients treated with the highest dosage of LT4 showed a 
higher risk for fractures compared to patients treated with  
lower dosage (73).

These discrepancies could be partially explained by 
different criteria of enrollment, different technique used 

for detection of vertebral fractures, and different duration 
of follow-up. In addition, no data is available on the risk 
of hip fractures and other nonvertebral fractures among 
patients given TSH suppressive therapy. On the basis of 
these mixed results, the effect of TSH suppressive therapy 
on fracture risk remains uncertain.

Clinical approach to TSH suppressive therapy 
induced bone loss

Thyroid hormones stimulate bone turnover in adults by 
increasing osteoclastic bone resorption. TSH suppressive 
therapy is still indicated in a subgroup of patients with DTC 
with incomplete response and high risk of recurrence. In 
this context, TSH suppressive therapy in postmenopausal 
women may be associated with bone loss and eventually 
with fractures. Therefore, bone health (BMD and/or TBS 
(preferably)) should be evaluated in postmenopausal 
women who are already given chronic treatment with LT4 
or planning to be treated for more than 3-5 years (Fig. 1) 
and repeated every 2 years thereafter. In addition, fracture 
assessment tools (QFracture® and FRAX®) (74) could be 
used to guide individual management, particularly in 
those who already have other risk factors for osteoporosis 
and fractures. These algorithms include thyrotoxicosis 
(QFractrure®) or hyperthyroidism (FRAX®), but not TSH 
suppressive therapy. As far as FRAX® is concerned, even 
though TSH suppressive therapy is not among the risk 
factors, some authors for practical purpose, based on the 
2.5- to 3.0-fold increased risk of hip fractures associated 
with serum TSH <0.05 mU/L, suggest to decrease by 1 the 
measured femoral neck hip score in women receiving or 
planning to start TSH suppressive therapy for at least 5 years 
(2). Routine evaluation of bone health in premenopausal 
women and men is not indicated, unless other risk factors 
are present. Limited data is available on the potential 
role played by antiresorptive agents to prevent bone loss. 
In a study involving 74 postmenopausal women with 
DTC and osteoporosis, alendronate therapy for 2 years 
increased BMD at the lumbar spine in those treated with 
LT4 for 3 years, but was less effective and not effective 
in those treated for 6 years and 9 years, respectively 
(75). Other antiresorptive drugs (estrogen, calcitonin, 
denosumab) could also be considered in selected cases 
(increased risk of fracture or significant decline of  
BMD/TBS during therapy), although no randomized 
clinical trials have tested these drugs in patients treated 
with LT4 suppressive therapy (Fig. 1). Finally, adequate 
calcium intake and, if needed, vitamin D supplementation, 
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should also be considered, most importantly when 
planning antiresorptive therapy.

It is well known that both TSH suppressive therapy 
and bisphosphonates (oral and i.v.) are associated with an 
increased risk of atrial fibrillation (76). Therefore, the bone 
benefit of giving bisphosphonates to postmenopausal 
women receiving TSH suppressive therapy should be 
balanced with the compounded risk of both treatments to 
induce atrial fibrillation.

Table 3 summarizes some key points on practical 
indications concerning TSH suppressive therapy and  
bone health.

Potential negative effects of low TSH on bone

The skeletal consequences of TSH suppressive therapy 
have been until recently attributed to the relative 
increase of circulating thyroid hormones. Little 
attention was paid to the low/undetectable TSH levels, 
until the demonstration that TSHR is expressed on 
the surface of murine osteoblasts and osteoclasts and 
their precursors, suggesting that TSH might have direct 
effects on bone metabolism (6, 7). Abe et al. showed in 
a Tshr+/− knockout mouse model that a 50% reduction 
of the expression of TSHR on bone cells was associated 
with bone loss and focal osteosclerosis regardless of the 
levels of thyroid hormones (7). Further insight came 
from experiments using ex vivo bone marrow cultures 
from TSHR null, heterozygote and wild-type mice. 
Osteoblast and osteoclast differentiation was increased 
in cultures obtained from Tshr-null and heterozygote 
mice compared to wild type and was associated with 
increased expression of cell-specific markers. They also 
showed that TSH inhibited osteoblasts differentiation 
from stromal cells and type 1 collagen expression by 
downregulating Wnt and VEGF signaling. On the other 
hand, TSH reduced osteoclast differentiation from 
hematopoietic stem cells, by inhibiting the JNK/c-jun 
and NF-kB signaling induced by RANK-L and TNFα. As 
a consequence, the reduction of TSH-TSHR signaling 
induced an overactivation of osteoclast activity leading 
to bone loss and osteoporosis (7). In a further study, 
Baliram et al. compared the skeletal phenotypes of wild-
type and Tshr−/− mice that were rendered thyrotoxic by 
implantation of slow release 5-mg thyroxine pellets (77). 
Even though both groups of mice had undetectable TSH 
and similar serum T4 levels, Tshr−/− mice lose more bone 
compared to wild-type mice, indicating that the lack of 
TSH signaling contributes to bone loss (77).

This data is in agreement with other studies that 
have shown a protective role of TSH on bone loss in 
aged ovariectomized rats (78, 79). In particular, Sun et al. 
demonstrated that intermittent injections of recombinant 
TSH were able to prevent bone loss in ovariectomized rats 
by blocking osteoclast activity. Moreover, they observed 
that the anabolic effect of TSH on bone metabolism 
persisted more than 4 weeks after injection (79).

In humans, an association between lower BMD 
and serum TSH has reported either in patients with 
subclinical/mild endogenous hyperthyroidism 
(undetectable serum TSH and FT4 in the normal range) 
(57) or in euthyroid individuals with a low serum TSH 
and relatively high, but still normal, serum FT4 (55). In 
both cases the association of low serum TSH with BMD 
could be related to the reciprocal relatively high serum 
FT4. Nonetheless, some studies provide some evidence 
for an independent role of TSH. Van Der Deure et  al. 
investigated the association of serum TSH and FT4 with 
different bone parameters in a subgroup (n = 1327) of 
subjects enrolled in the Rotterdam study and showed that 
femoral BMD and cortical thickness increased with serum 
TSH levels, but FT4 was more strongly inversely correlated 
with the bone parameters (80). At multivariate analysis, 
however, both TSH and FT4 levels affected the bone 
status independently. In addition the authors showed 
that subjects harboring an activating polymorphism of 
TSHR (TSHR-Asp727Glu) had an increased bone density 
and bone mass (80). The same polymorphism of TSHR 

Figure 1
Evaluation of bone health in patients eligible for, or already on, TSH 
suppressive therapy and indication for antiresorptive therapy.
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were associated with a greater BMD in other study (81). 
In other cross-sectional study involving more than 37,000 
subjects of whom about 33,000 with normal thyroid 
function and 4000 with subclinical thyroid dysfunction, 
Kim et  al. reported a positive correlation between TSH 
levels and BMD in all tested skeletal sites (lumbar spine, 
femur neck, total hip) (82). BMD increased continuously 
with TSH from subclinical hyperthyroidism to subclinical 
hypothyroidism in particular among patients with T3 in 
the highest tertile range. The authors concluded that there 
was a positive correlation between TSH levels and BMD in 
healthy men and women with normal levels of FT4 and, 
furthermore, that higher TSH levels could be protective 
on bone loss especially in patients with serum T3 levels 
in the upper normal range (82). The administration of 
human recombinant TSH (rhTSH) to patients with DTC 
undergoing thyroid remnant ablation with 131I after total 
thyroidectomy offers additional data on a direct effect of 
TSH on bone turnover (83, 84, 85). In this setting serum 
thyroid hormone concentration remains unchanged, 
whereas serum TSH markedly increases. Over a period 
of 7–10 days after rhTSH administration there are both 
a reversible inhibition of bone resorption (decrease of 
serum c-terminal telopeptide, CTx, and no effect on serum 
osteoprotegerin) and a stimulation of bone formation 
(increase of serum bone alkaline phosphatase, BALP, and 
procollagen type 1 amino-terminal propeptide, P1NP) 
(83, 84, 85).

It is important to note that alongside the above-
mentioned studies, which support a direct protective 
action of TSH on bone, other studies cast doubt on this 
aspect. One issue is to what extent the bone phenotype 
observed in Tshr–/– mice could reflect the consequences 
of severe congenital untreated hypothyroidism rather 
than the lack of TSH effects on bone. To address this issue 
Basset et al. compared the bone phenotype of the Tshr–/– 
mouse with that of Pax8–/–, another model of congenital 
hypothyroidism (86). Both models are characterized 
by lack of circulating thyroid hormones and elevated 
TSH, but functional TSHR the latter but not the former. 
The bone phenotype did not differ between the two 
models suggesting a predominant role of lack of thyroid 
hormones rather than the lack of TSH action, even 
though the effect of severe hypothyroidism could mask 
the skeletal action of TSH (86). Recently, Van Vliet et al. 
provided data that shed doubt on the protective effect 
of TSH on bone in humans (87). These authors carried 
out two-sample Mendelian randomization studies, using 
available data from the Genetic Factors of Osteoporosis 

(GEFOS) consortium. They found that none of the 
available 19 single nucleotide polymorphisms (SNPs) 
associated with serum TSH was associated with BMD at 
lumbar spine and femoral neck. Moreover, no association 
was found between 706 of the available SNPs in TSHR or 
genetic variants influencing the expression of TSHR and 
BMD at lumbar spine and femoral neck (87).

In conclusion, whether and to what extent low TSH 
levels, as opposed to solely high thyroid hormone levels, 
contribute to bone loss in endogenous or exogenous 
thyrotoxicosis remains to be defined.

Conclusions

TSH suppressive therapy still represents a useful tool to 
improve the outcome in patients with DTC and structural 
persistent disease after total thyroidectomy. In patients 
with biochemical incomplete response and indeterminate 
response, TSH suppressive therapy can be considered after 
a careful risk/benefit assessment, whereas TSH suppressive 
therapy is not recommended in patients with excellent 
response. TSH suppressive therapy is not indicated in 
patients with low-risk DTC treated with lobectomy.

TSH suppressive therapy has no harmful effects 
on bone health in premenopausal women and men. 
In postmenopausal women, TSH suppressive therapy 
is associated with bone loss, deterioration of bone 
architecture and, ultimately, increased risk of fractures. 
Other potential adverse events, particularly cardiovascular 
morbidity, should not be overlooked. Antiresorptive 
therapy could be considered in patients with increased 

Table 3 TSH suppressive therapy and bone health: practical 
indication.

• TSH suppressive therapy should be used only when  
indicated

• Treatment should be individualized in order to use the 
lowest effective dose of LT4

• TSH suppressive therapy should be carefully monitored 
(yearly) by measurements of serum FT4 and TSH

• In premenopausal women and men chronically treated 
with TSH suppressive therapy or planning to be treated for 
several years (more than 3-5), there is no need to assess/
monitor bone health, unless other risk factors are present

• In postmenopausal women already treated with TSH 
suppressive therapy or planning to be treated for several 
years (more than 3-5) bone health should be evaluated/
monitored using BMD and/or TBS (preferably)

• Antiresorptive therapy could be considered in patients 
at increased risk of fracture or showing with a significant 
decline of BMD/TBS during TSH suppressive therapy

BMD, bone mineral density; LT4, levothyroxine; TBS, trabecular bone score.
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risk of fracture or in patients showing a significant decline 
of BMD/TBS during LT4 therapy.

Current evidence on whether low TSH levels, as 
opposed to solely high thyroid hormone levels, might 
contribute to bone loss in endogenous or exogenous 
thyrotoxicosis remains controversial.
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