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ABSTRACT

Objectives We assessed thyroid-stimulating hormone
(TSH) suppression effects on bone mineral density
(BMD) in postmenopausal women who underwent
thyroidectomy.

Data sources PubMed, EMBASE, Cochrane Library, Web
of Science and SCOPUS were searched from inception to
24 February 2021.

Study selection Case-control studies were included.
Data extraction and synthesis Two authors
independently reviewed the studies, extracted the data and
performed meta-analysis of eligible studies.

Research design and methods Studies evaluating BMD
in postmenopausal women with thyroid cancer who had
thyroidectomy and levothyroxine therapy were included.
Differences in BMD were presented as standardised mean
differences (SMDs). Meta-analyses were conducted using
a random-effects model.

Results Analysis of 16 case-control studies (426 patients
and 701 controls without thyroid cancer) showed that
stringent TSH suppression (TSH <0.10 mIU/L) after
thyroidectomy had deleterious effects on the BMD of

the lumbar spine in postmenopausal women compared
with controls (SMD —0.55; 95% CI —0.99 to —0.10;
[>=75.8%). There was no significant difference in patients
with moderate TSH suppression (TSH 0.10-0.49 miU/L).
TSH suppression in postmenopausal women was not
significantly associated with lower femoral neck BMD.
Subgroup analysis of the lumbar spine showed that the
association between stringent TSH suppression and
lower BMD was consistent among studies with >10
years of follow-up (SMD —0.32; 95% Cl —0.50 to —0.14).
Subgroup analysis of the femoral neck showed that total
thyroidectomy was related to detrimental effects on the
BMD of the femoral neck (SMD —0.60; 95% CI —0.89 to
—0.31; I’=90.4%), but near-total thyroidectomy was not
(SMD 0.00; 95% CI —0.30 to 0.30; 1°=55.6%).
Conclusions Stringent TSH suppression had deleterious
effects on the BMD of the lumbar spine after thyroidectomy
in postmenopausal women. Further studies are needed
to determine whether stringent TSH suppression after
thyroidectomy increases the fracture risk.
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Strengths and limitations of this study

» This is the first systematic review and meta-analysis
to qualitatively collate and assess the results of stud-
ies that investigated the effect of thyroid-stimulating
hormone suppression after thyroidectomy for thy-
roid cancer on bone mineral density in postmeno-
pausal women.

» We investigated the association between thyroid-
stimulating hormone suppression and lumbar spine
or femoral neck bone mineral density in different
subgroups (follow-up duration, surgical extent, eth-
nicity and body mass index).

» A possible limitation is that only a few prospective
studies were included, and the effects of notable
confounding factors and possible fluctuations in the
postoperative thyroid-stimulating hormone levels
were not reflected in the analysis.

INTRODUCTION

Thyroid-stimulating hormone (TSH) levels
are suppressed after thyroidectomy for
thyroid cancer.'™ It is necessary to assess
the risk-benefit and adverse effects of TSH
suppression because patients with thyroid
cancer have a favourable prognosis." To
prevent cancer recurrence and reduce
cancer-related mortality, levothyroxine is used
to achieve TSH suppression,” as it inhibits
the production of circulating TSH, a factor
known to stimulate the proliferation of thyro-
cytes.” However, supraphysiological doses
of exogenous levothyroxine may cause side
effects, particularly regarding bone health.? !
Endogenous hyperthyroidism increases the
risk of osteoporosis and osteoporotic frac-
tures.®® However, the effects of TSH suppres-
sion due to levothyroxine administration
after  thyroidectomy are controversial.'’
Some studies reported a lack of deleterious
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effects on the bone mineral density (BMD) of long-term
thyroxine suppressive therapy for differentiated thyroid
carcinoma.™™ In contrast, other studies reported that
thyroxine suppressive therapy had a detrimental effect
on BMD."'°

Although differentlevels and durations of TSH suppres-
sion are recommended post-thyroidectomy depending
on the risk of thyroid cancer recurrence,''” '® the impact
of varying levels of TSH suppression on bone health is
unclear. Several studies have evaluated the association
between TSH suppression levels and fractures.® '
One of them reported that women with a low TSH level
(<0.1mU/L) had a threefold increased risk for hip frac-
tures and a fourfold increased risk for vertebral fractures
compared with women who had normal TSH levels.”
However, this study focused on the risk of fracture rather
than BMD in women with low serum TSH levels. Several
literature reviews have reported that suppressed TSH
levels lead to osteoporosis and decreased BMD after
thyroidectomy for thyroid cancer in postmenopausal
women. 2% However, no further studies have investi-
gated the effects of varying TSH levels on BMD.

In this study, we performed a systematic review and
meta-analysis of the current literature to investigate
the effects of different levels of TSH suppression after
thyroidectomy on postoperative BMD in postmenopausal
women with thyroid cancer.

MATERIALS AND METHODS

An expert panel was formed to define the scope of the
meta-analysis, literature search, eligibility criteria and
statistical methods according to the preferred reporting
items for systematic reviews and meta-analysis guide-
lines.”” This systematic review and meta-analysis protocol
was registered in the PROSPERO database (registration
number, CRD42018104282). At the time of initial regis-
tration of PROSPERO, patients who underwent thyroid-
ectomy due to any thyroid disease were registered.
However, there are few studies on BMD after thyroidec-
tomy in typical hyperthyroidism diseases such as Graves’
disease, toxic multinodular goitre and toxic adenoma,
excluding cancer, so our study was limited to only patients
with thyroid cancer.

Patient and public involvement statement

This meta-analysis was based on study-level data, and
no individual-level data were involved in the study or in
defining the research question or outcome measures.

Literature search

A trained librarian searched the PubMed, EMBASE,
Cochrane Library, Web of Science and SCOPUS databases
to identify relevant studies published before 24 February
2021 (online supplemental table 1). The following search
terms, adapted to each database, were used: “thyroidec-
tomy”, “levothyroxine”, “thyroid stimulating hormone’, “bone

density”, “osteoporosis” and “bone fractures”. We also included

. . . . . 1-24 26
studies reported in earlier systematic reviews,” and

those identified from the bibliography of the included
articles.

Eligibility criteria and study selection

The inclusion criteria were as follows: (1) all participants
underwent thyroidectomy for thyroid cancer, followed
by the administration of levothyroxine; (2) availability of
BMD data, irrespective of whether this was the primary
end point; (3) availability of data on the lumbar spine and
femoral neck; (4) comparison of postoperative outcomes
between the study and control groups (matched healthy
postmenopausal women were enrolled) and (5) the
most recent or informative publication data, in the case
of multiple publications from the same population. The
exclusion criteria were as follows: (1) only abstract avail-
able; (2) case reports, reviews and editorials; (3) studies
with paediatric or pregnant populations; (4) publication
language other than English and (5) missing measures of
variability (SDs, SEs or IQRs) when effect estimates were
presented.

Two authors (DK and YK) independently assessed the
eligibility of all studies identified through an electronic
literature search based on the titles and abstracts. Eligible
articles with full texts were further evaluated for inclu-
sion. Disagreements were resolved by consensus.

Data extraction and risk-of-bias assessment

A standard template suggested by Cochrane was adapted
and applied for data extraction.” Two authors (DK and
JH) independently extracted the data, including the first
author’s name; year of publication; study location; study
design; age, body mass index (BMI), ethnicity, number of
the study participants; aetiology; extent of thyroidectomy;
location and value of the BMD measurement; follow-up
duration after thyroidectomy; levothyroxine dose; preop-
erative and postoperative laboratory results including
TSH, free thyroxine, parathyroid hormone and calcium
levels; medications used by the study participants and
comorbidities.

The quality of the included studies was assessed using
the Newcastle-Ottawa Quality Assessment Scale.” This
assesses the quality of non-randomised studies according
to three variables: selection of the study population,
comparability and exposure factor.

Data synthesis and analysis

Each outcome was presented with estimates calculated
as standardised mean differences (SMDs). Assuming
that the baseline values of patients and controls without
thyroid cancer were balanced and the confounders were
controlled by the study design, we compared the measure-
ments at the end of the follow-up period. The SMDs were
coded so that positive values represented a higher BMD
in the thyroidectomy group than in the control group,
with 0.2, 0.5 and 0.8, corresponding to small, moderate
and large effects, respectively.”’ We estimated the pooled
SMDs and 95% CIs using the random-effects model
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(DerSimonian and Laird method). Statistical significance
was set at a two-tailed p value of <0.05. We assessed hetero-
geneity using the Mantel-Haenszel model and I* values
(the percentage of variance in the pooled estimate due
to between-study differences), with I* thresholds of <25%
(low), 26%-50% (moderate) and >50% (high).

Subgroup analyses were performed considering
the TSH level (categorised as stringent suppression,
<0.10mIU/L; moderate suppression, 0.10-0.49 mIU/L
and lower normal, 0.50-2.0 mIU/L). Other investigated
factors included the follow-up duration, baseline age,
baseline BMI, ethnicity and extent of thyroidectomy
(total vs near-total). Publication bias was assessed based
on funnel plot asymmetry using Begg’s and Egger’s tests
at a p value of <0.1. Stata V.13.1 software (StataCorp,
College Station, Texas, USA) was used for all statistical
analyses.

RESULTS

Studies included in the meta-analysis

A systematic literature search retrieved a total of 3063
studies (online supplemental figure 1). We included two
studies from the bibliography of the included articles.
Of the included studies, 1305 duplicate studies were
excluded. The remaining 1760 articles were screened
based on the title and abstract and assessed for eligibility.
The full text of 169 potentially eligible studies was evalu-
ated by two independent authors (DK and JH), of which
153 studies did not meet the inclusion criteria (reasons
for exclusion are summarised in online supplemental
figure 1). Sixteen studies," ™ *"* including 1127 post-
menopausal women, met the inclusion criteria. Table 1
lists the summary and characteristics of each study.

Studies were published as early as 1989, and the
follow-up duration after thyroidectomy ranged from 1 to
15 years. Three studies were prospective,'”'°* while three
involved consecutive sampling (table 2).'*%* %

All studies, except one,14 controlled for confounders
in the study design using matching factors and exclusion
criteria (table 2 and online supplemental table 2). The
quality scores are shown in online supplemental table 3,
with scores ranging from 6 to 9. All studies were found to
be of moderate to high quality. After thyroidectomy, the
mean TSH levels ranged between 0.00 and 1.8 mIU/L.
The postoperative levothyroxine doses are summarised in
online supplemental table 2.

Effects of TSH suppression on the lumbar spine

All the included studies reported BMD of the lumbar
spine in 426 postmenopausal women that underwent
thyroidectomy for thyroid cancer and 701 controls.
Overall, TSH suppression after thyroidectomy showed
detrimental effects on the BMD of the lumbar spine (SMD
-0.46; 95% CI —0.77 to -0.16; 1°=77.6%; p=0.003). When
analysed according to the TSH suppression target, strin-
gent suppression, but not moderate suppression, showed
negative effects on the postoperative BMD (SMD -0.55;

95% CI -0.99 to -0.10; I’=75.8%; p=0.016) (figure 1A).
Funnel plots indicated that there was no significant
publication bias with stringent TSH suppression (TSH
<0.1mIU/L) (online supplemental figure 2A), which was
supported by Egger’s test (p=0.940).

Effects of TSH suppression on the femoral neck

Ten of the studies (282 postmenopausal women and 452
controls) investigated the effects of TSH suppression
after thyroidectomy for thyroid cancer on the BMD of the
femoral neck.''™1? 1210323356 3839 The BMD of the femoral
neck was similar in TSH-suppressed postmenopausal
women that underwent thyroidectomy for thyroid cancer
compared with that in controls (SMD -0.32; 95% CI -0.74
to 0.10; 12:81.8%; p=0.133; figure 1B). This observation
was similar across subgroups according to the suppressed
TSH levels. Funnel plots indicated no significant publica-
tion bias (online supplemental figure 2B), as supported
by Egger’s test (p=0.177).

Subgroup analyses

A subgroup analysis showed that the association between
stringent TSH suppression and lower BMD was consistent
among studies with >10 years of follow-up (figure 2A). No
significant differences in subgroups with different ethnic-
ities and BMIs were detected. Furthermore, the detri-
mental effects of TSH suppression were more pronounced
in patients who underwent total thyroidectomy than in
those that underwent near-total thyroidectomy without
statistical significance (p=0.065). A significant interac-
tion between surgical extent and BMD of the femoral
neck (figure 2B; p for interaction=0.004) was observed.
Moreover, total thyroidectomy was related to detrimental
effects on the BMD of the femoral neck (SMD -0.60;
95% CI -0.89 to -0.31; I2=90.4%; p<0.001), but near-total
thyroidectomy was not (SMD 0.00; 95% CI -0.30 to 0.30;
1°=55.6%; p=0.996). The follow-up duration, ethnicity and
BMI did not affect the association between TSH suppres-
sion and femoral neck BMD in postmenopausal patients
who underwent thyroidectomy for thyroid cancer.

DISCUSSION

Summary of the findings

The potential effect of hyperthyroidism on postoperative
bone health in patients who underwent thyroidectomy
for thyroid cancer remains a concern in terms of long-
term care. Identifying the groups that are at risk of dete-
riorating bone health after thyroidectomy is crucial for
tailoring TSH suppression and guiding clinical treatment
in a more focused and individualised direction. In this
meta-analysis of 16 studies, including 1127 participants,
we identified stringent TSH suppression after thyroidec-
tomy for thyroid cancer that adversely affects the postop-
erative BMD in postmenopausal women. BMD is widely
used for osteoporosis screening, and BMD changes
are an independent risk factor for fracture.”! Our find-
ings suggest that the oncological benefits of stringent
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Outcomes
mean, year

in the meta-analysis after thyroidectomy,

(unit)

Outcomes included Assessment time

(measurement site

Assessment tool
of bone density
included in the

meta-analysis)

Methods

1127)

postmenopausal

participants, n

(total

No. of

thyroidectomy

Extent of

Aetiology

Study population
Age, mean (SD),

years

1This study involved patients with non-medullary thyroid carcinoma without any kind of drug treatment known to influence bone turnover or diseases affecting calcium metabolism.

FThese studies presented the mean or median age of the total study population, including premenopausal and postmenopausal women.

§This value was calculated with the method of volumetric BMD. For more information, refer to Tournis et al®®
BMD, bone mineral density; DEXA, dual-energy X-ray absorptiometry; DPA, dual photon absorptiometry; DTC, differentiated thyroid carcinoma; NR, not reported.;

*This study which involved subjects that underwent subtotal thyroidectomy was excluded from the total versus near-total subgroup analysis.

Table 1 Continued

Study (location)

TSH suppression in postmenopausal women should be
weighed against its possible adverse effects on postopera-
tive bone health.

Comparison with other studies

Clinical guidelines recommend the administration of
levothyroxine as the optimal treatment for patients
undergoing thyroidectomy for thyroid cancer. Patients
with residual carcinoma or those at a high risk of cancer
recurrence, those at an intermediate risk of cancer
recurrence and those at a low risk of cancer recurrence
should maintain TSH levels at <0.1, 0.1-0.5 and 0.5-2
mIU/L, respectively.' " '® Due to its beneficial effects
on cancer recurrence,42 and overall survival,43 strin-
gent TSH suppression is recommended for patients at
a high risk of cancer recurrence. However, there is no
consensus regarding serum TSH levels below the lower
limit of the normal range.* Because of the favourable
prognosis associated with TSH suppression, patients with
thyroid cancer receive life-long thyroxine treatment and
have suppressed TSH levels for extended periods. Some
studies have reported that long-term thyroxine therapy
leads to an increased risk of bone fractures. *° However,
the effects of TSH suppression on the bone health of
patients undergoing thyroidectomy for thyroid cancer
are rarely discussed in the current guidelines, and few
studies evaluate the adverse effects according to strati-
fied TSH levels. Several recent population-based studies
have reported associations between levothyroxine doses
and bone health." ¥ One study concluded that among
patients with thyroid cancer, those who received levothy-
roxine had an increased risk of osteoporosis in a cumu-
lative dose-dependent manner compared with those
who did not receive levothyroxine (HR at a cumulative
levothyroxine dose >395mg, 3.62; 95% CI 2.16 to 6.06;
HR at a cumulative levothyroxine dose <265mg, 1.53;
95% CI 0.91 to 2.57)."” In another study, 185956 patients
with thyroid cancer that were administered a levothy-
roxine dosage of 2170 pg/day had a higher risk of oste-
oporotic fractures (HR 1.25; 95% CI 1.07 to 1.45) than
matched controls without cancer.'’ However, as the inten-
sity of TSH suppression therapy was stratified based on
prescribed levothyroxine doses, results from these studies
reflect the indirect effects of TSH concentration on the
bone.

According to a series of previous studies, TSH suppres-
sion after thyroidectomy significantly reduced bone mass
in postmenopausal women, whereas it did not affect
premenopausal women and men.” ** * Menopause and
the subsequent decrease in oestrogen are well-known
risk factors that contribute to osteoporosis.” The prom-
inent effects of TSH suppression on bone health in
postmenopausal women are clinically significant, and
affected subjects need to be appropriately managed. We
observed deleterious effects of stringent TSH suppression
on the BMD of the lumbar spine. However, moderate
TSH suppression did not significantly affect postopera-
tive BMD. Inhibition of the receptor activator of nuclear
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A. Lumbar spine

Study, Y%
Year SMD (95% ClI) Weight
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TSH <0.1 miU/L i
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Abugassa, 1993 —— 0.78 (-1.59, 0.04) 5.71
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Reverter, 2005 ™ e -0.38 (-0.80, 0.04) 8.19
Kim, 2019 "7 - 0.60 (-0.99, -0.21) 8.38
Subtotal (|-squared = 75.8%, p <0.001) <> 0.55 (-0.99, -0.10) 51.47

Test for effect size (p= 0.016) 1
TSH 0.1-0.49 miU/L :
1

!

Diamond, 1991 ** —_— -4.82 (-6.63, -3.02) 2.20
Franklyn, 1992 ** - -0.27 (-0.81, 0.28) 7.40
Hawkins, 1994 *° - -0.24 (-0.74,0.27) 7.65
Touris, 2015 ** :-'0- 0.00 (-0.40, 0.40) 8.32
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Subtotal (I-squared = 84.9%, p <0.001) <"> -0.50 (-1.07, 0.07) 34.63

Test for effect size (p = 0.088)

J

]
TSH 20.5 miU/L '
1

Test for effect size (p= 0.003)

NOTE: Weights are from random effects analysis
T T T T T T T
4 3 2 4 0 1 2 3

Lower BMD in patients Lower BMD in controls

Recker, 1989 ** —— 0.01 (-0.66, 0.68) 658
Chen, 2004 * - 0.37 (-0.93, 0.18) 7.31
Subtotal (I-squared = 0.0%, p = 0.395) <> 0.21 (-0.64, 0.22) 13.89
Test for effect size (p = 0.329) i
Overall (I-squared = 77.6%, p <0.001) o) 0.46 (-0.77, -0.16) 100.00
1
1
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Test for effect size (p= 0.133)
NOTE: Weights are from random effects analysis

Study, %
Year SMD (95% CI) Waight
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TSH <0.1 miU/L X
Abugassa, 1993 ** == -1.00 (-1.84, -0.16) 9.14
Kung, 1993 '® - -0.69 (-1.18, -0.20) 11.99
Frusciante, 1997 ' : ———— 163 (0.34, 2.91) 6.12
Toivonen, 1998 2 - -0.03 (-0.87, 0.81) 9.12
Reverter, 2005 s -0.04 (-0.48, 0.37) 12,55
Subtotal (I-squared = 74.2%, p = 0.004) {) 0.17 (-0.77, 0.43) 48.92
Test for effect size (p = 0.584) 1
TSH 0.1-0.48 miU/L |
Diamond, 1991 ** —_— | -8.39 (-11.27, -5.52) 1.85
Franklyn, 1992 3 -Io- -0.19 {-0.73, 0.36) 1156
Tournis, 2015 *° +I -0.30 (-0.70, 0.10) 12,66
Moen, 2016 *° - 0.00 {-0.26, 0.26) 1357
Subtotal (I-squared =91.0%, p <0.001) QI 0.75 (-1.61, 0.12) 39.63
Test for effect size (p=0.092) '
TSH 20.5 mlU/L i
Chen, 2004 % - -0.21 (:0.77, 0.35) 11.45
Subtotal (squared =NA) -0.21 (-0.77, 0.35) 1145
Test for effect size (p= 0.092) .
Overall (I-squared = 81.8%, p <0.001) -0.32 (-0.74, 0.10) 100.00
Y
'
1
L

rT T T T TTT
43210123
Lower BMD in patients Lower BMD in controls

Figure 1 Postoperative BMD of lumbar spine (A) and femoral neck (B) in postmenopausal women undergoing TSH
suppression after thyroidectomy for thyroid cancer. Meta-analysis results of case-control studies included in this review
were presented according to TSH level. SMDs were calculated such that positive values indicated benefit for BMD in
thyroidectomised group compared with controls without thyroid cancer. BMD, bone mineral density; NA, not available; SMD,
standardised mean difference; TSH, thyroid-stimulating hormone.
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Figure 2 Subgroup analysis. Postoperative BMD of lumbar spine (A) and femoral neck (B) in postmenopausal women after rc|?|
thyroidectomy for thyroid cancer and subsequent TSH suppression by subgroups. BMD, bone mineral density; BMI, body mass E
index; ES, effect size; TSH, thyroid-stimulating hormone. ;i
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factor-kB ligand-induced osteoclast formation,50 and

activation of Wnt-ba-mediated and B-arrestin 1-mediated
osteoblast differentiation support that lower TSH levels
may be responsible for lowering BMD.***

BMD comparison on the lumbar spine and femoral neck

The detrimental effects of TSH suppression have been
reported to be more prominent on the BMD of the
lumbar spine than on that of the femoral neck (figure 1).
This result is consistent with that of previous studies. First,
the lumbar spine is predominantly a trabecular bone. Its
microarchitecture is more vulnerable to osteoporotic
changes than that of the cortical bone, which comprises a
large portion of the femoral neck.” Second, the mineral
contents of the lumbar spine change primarily during
menopause, while those of the femoral neck change at
a constant rate over one’s lifetime.’® These factors may
affect the interaction between the BMD of the lumbar
spine and femoral neck and TSH and oestrogen levels in
postmenopausal women. Low BMD of the lumbar spine is
clinically significant as the spine is the most common oste-
oporotic fracture site,”® and spinal fractures are related
to increased mortality.”* A recent population-based study
assessing the risk of fracture after thyroidectomy by
tracing patients for 40 years also reported a significant
increase in the risk of vertebral fractures (standardised
incidence ratio 2.8; 95%CI 2.3 to 3.3) and a relatively
small increase in the risk of proximal femur fractures
(standardised incidence ratio 1.3; 95% CI 1.0 to 1.8) after
thyroidectomy.”

The deleterious effects of TSH suppression on the BMD
of the lumbar spine were more prominent in patients who
underwent total (vs near-total) thyroidectomy, in Asian (vs
non-Asian) populations and in those with a BMI<25kg/
m?> (vs BMI 225kg/ mg). Near-total thyroidectomy, which
leaves a small amount of thyroid tissue (<1.0mL), can be
performed instead of total thyroidectomy, whereas partial
or subtotal thyroidectomy is not appropriate for thyroid
malignancy.1 Limited information is available regarding
the differential effects of total and near-total thyroidec-
tomy on bone health and BMD, suggesting the need for
further research regarding this aspect. A study found
that patients with a lower BMI that underwent thyroid-
ectomy because of benign pathology required a signifi-
cantly higher levothyroxine dose per kilogram to achieve
a euthyroid state compared with those with a higher BMI
(BMI <25kg/m?® 1.84+0.07 pg/kg/day; BMI >35kg/m”?,
1.39+0.05pg/kg/day); this association was age indepen-
dent.”® We suggest levothyroxine dose adjustment and
thorough monitoring of the BMD in patients without
obesity undergoing thyroidectomy for thyroid cancer,
followed by TSH suppression.

Limitations

Our study has several limitations. First, most of the
included studies had a retrospective design, and the
number of controlled confounding factors was heteroge-
neous in each study. Furthermore, studies may have been

misclassified because of various factors known to affect
TSH levels, such as factors related to the postmenopausal
state,”” and parathyroid hormone levels.”® Second, most
of the included studies that involved TSH suppression
reported the TSH level at a single time point. Although
each study periodically assessed TSH levels to confirm
maintenance within the intended level, fluctuations in
TSH levels cannot be ruled out, and consequently, the
effects of these fluctuations on BMD may represent
potential confounders. Third, few studies have consid-
ered genetic bone susceptibility or the effects of lifestyle
factors such as physical activity, smoking and alcohol
consumption on the BMD. Fourth, some studies may have
been misclassified because of the use of a first-generation
TSH assay with insufficient sensitivity.”’ Fifth, most of the
cases were differentiated thyroid carcinoma, but thyroid
cancer aetiology was not reported, or patients with other
actiologies were included. Therefore, additional treat-
ments or differences in molecular pathogenesis may be
the cause of heterogeneity. Sixth, most studies did not
clarify whether all of the included patients were high
risk or suppressed below the TSH level of 0.1 mIU/L.
Therefore, statistical analyses were performed based on
the average TSH levels presented in each study. Seventh,
other variables that may influence hypoparathyroidism or
vitamin D levels, such as autoimmune conditions, genetic
variants, radiation, mineral deposition and magnesium
deficiency, were not evaluated.” Eighth, only case-control
studies were enrolled. A prospective cohort and longitu-
dinal study are required. Ninth, funnel plots of the lumbar
spine indicated that there was some publication bias with
overall and moderate TSH suppression (TSH 0.10-0.49
mlU/L) (online supplemental figure 2A), as shown by
the Egger’s test (p=0.098and 0.082, respectively). Inter-
pretation of the overall and moderate TSH suppression
groups requires further investigation. Tenth, few studies
have analysed the osteoporosis and fracture risk results
according to the TSH suppression level, so this was not
covered in our systematic review. Further investigation
is needed regarding the benefits of TSH suppression
therapy in relation to cancer recurrence or progression
and the risk of osteoporosis or fractures, particularly in
patients at a high risk of cancer recurrence receiving
stringent TSH suppression therapy.

CONCLUSIONS

Stringent TSH suppression (TSH level <0.10mIU/L)
after thyroidectomy for thyroid cancer was found to exert
detrimental effects on the postoperative BMD of the
lumbar spine in postmenopausal women. Further well-
designed prospective studies are needed to evaluate the
change in the BMD of different bones and the risk of
bone fractures according to the TSH suppression levels
in postmenopausal women who have undergone thyroid-
ectomy for thyroid cancer to establish adequate postoper-
ative management.
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