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Abstract: Sarcopenia is prevalent in postmenopausal women but is inconclusive in total thyroidectomy
and under levothyroxine replacement. We aim to analyze the determinants of sarcopenia and investigate
the early detection of sarcopenia in this group. Fifty postmenopausal women with total thyroidectomy
were measured for body composition via Dual-energy X-ray Absorptiometry (DXA) and Appendicular
Skeletal Muscle mass divided by the height square (ASM/ht2). Handgrip strength and gait speed and
Geriatric Nutritional Risk Index (GNRI) were calculated. Eight determinants associated with sarcopenia
include GNRI (β, 0.042; 95% confidence interval (CI), 0.021 to 0.064), femoral neck BMD (β, 0.989; 95%
CI, 0.049 to 1.929), TSH (β, 0.192; 95% CI, 0.027 to 0.357), and thyroglobulin Ab (0.657; 95% CI, 0.210 to
1.103) for ASM/height2; menopausal years (β, −3.112; 95% CI, −5.661 to −0.563) and ASM/height2

(β, 2.669; 95% CI, 1.073 to 4.265) for handgrip strength; and GNRI (β, 0.062; 95% CI, 0.019 to 0.105), T3
(β, −3.541; 95% CI, −7.019 to −0.063), and age (β, 0.043; 95% CI, 0.003 to 0.084) for gait speed. Our study
confirmed a high prevalence of low skeletal muscle mass index in postmenopausal women with total
thyroidectomy and revealed a number of determinants that could help early diagnosis and management
this disease in daily clinical practice.

Keywords: sarcopenia; thyroidectomy; levothyroxine; postmenopausal women; Geriatric Nutritional
Risk Index; skeletal muscle mass

1. Introduction

Sarcopenia, or low relative skeletal muscle index, is characterized by the age-related
loss of skeletal muscle mass and strength and/or a reduction in physical performance [1].
It has attracted increasing attention worldwide as it has been shown to affect both motility
and mortality [2]. Many endocrine and metabolic diseases and their interactions have been
associated with sarcopenia, including aging, malnutrition, osteoporosis, diabetes, growth
hormone deficiency, Cushing syndrome, hypogonadism, and thyroid dysfunction [3,4].

Appl. Sci. 2021, 11, 7555. https://doi.org/10.3390/app11167555 https://www.mdpi.com/journal/applsci

https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0001-8950-064X
https://orcid.org/0000-0002-1610-4184
https://doi.org/10.3390/app11167555
https://doi.org/10.3390/app11167555
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/app11167555
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app11167555?type=check_update&version=2


Appl. Sci. 2021, 11, 7555 2 of 10

Previous studies have confirmed that overt thyroid dysfunction, regardless of whether it
involves hypothyroidism or hyperthyroidism, has a harmful impact on muscle health [5,6],
as thyroid hormones play a role in skeletal muscle formation and function [7]. However,
there is no known study that has yet investigated whether patients who have undergone
total thyroidectomy and require long-term levothyroxine therapy are at a higher risk of
developing sarcopenia.

Sarcopenia is also more frequently observed in postmenopausal women [8], and
current menopausal management guidelines state that hormone replacement therapy
combined with exercise may be beneficial to prevent the loss of muscle mass, performance,
and strength [9]. A decrease in estrogen has been associated with muscle apoptosis and
myosin dysfunction, possibly due to an increase in proinflammatory cytokines [10].

The detection of sarcopenia is challenging at outpatient clinics due to easily overlooked
occult symptoms and expensive gold standard diagnostic methods [11]. Sarcopenia was
clinically identified on the basis of the cutoff values derived from the Asian Working
Group for Sarcopenia on the appendicular skeletal muscle index. The serum levels of
biomarkers such as Interleukin 6 (IL-6), Insulin-like Growth Factor 1 (IGF-1), Macrophage
migration Inhibitory Factor (MIF), and Secreted Protein Acidic Rich in Cysteine (SPARC)
levels differed significantly between the healthy and sarcopenia groups [12]. Hence, the
identification of surrogate laboratory markers of sarcopenia would be beneficial to increase
the early diagnosis rate of sarcopenia [13,14]. Therefore, we conducted this study to analyze
sarcopenia and its related determinants in postmenopausal women who had undergone
total thyroidectomy.

2. Materials and Methods
2.1. Study Population and Setting

This single-centered, cross-sectional, observational study enrolled postmenopausal
women (n = 50) with complete removal of thyroid, with or without reason for malig-
nancy of thyroid, during their follow-up visits for prescription of Levothyroxine between
1 September 2019 and 31 December 2019 in southern Taiwan. We excluded from the study
population those with amenorrhea for less than a year, those already receiving treatment
for osteoporosis, and those who had undergone a thyroidectomy without complete re-
moval of the thyroid. Calcium supplements were allowable during the study period. All
clinical investigations were carried out in accordance with the principles of the Declaration
of Helsinki. This study was approved by the Institutional Review Board of Kaohsiung
Medical University Hospital (KMUHIRB-F(1)- 20190085), and all of the patients provided
written informed consent.

2.2. Demographic, Medical, and Laboratory Data

Demographic and medical information, including age; gender; body weight and
height for body mass index; and personal history including smoking, alcohol and lifestyle,
medication history, operation history, especially on the gastrointestinal system and co-
morbid conditions, were obtained from the study patients’ medical records and inter-
views by questionnaire. Biochemical measurements using standardized methods were
performed in the central laboratory of Kaohsiung Medical University Hospital. Liver
function profile, including serum aspartate aminotransferase (GOT) and alanine amino-
transferase (GPT); thyroid function, including Thyroid Stimulating Hormone (TSH), free
T4, T3, thyroglobulin, thyroglobulin and microsomal antibody, parathyroid hormone
(PTH), and total calcium; kidney function, including serum creatinine, and urine to-
tal protein and creatinine; and sex hormones, including follicular stimulating hormone
(FSH), estradiol and testosterone, cortisol, and IGF-1 were measured. Each patient’s blood
samples were obtained for laboratory tests, including albumin level for GNRI calcula-
tion, which is an original nutritional risk index for older subjects, with a formula of
GNRI = (14.89 × albumin (g/dL)) + (41.7 × (body weight/ideal body weight)). General
laboratory and specific osteoporosis evaluation markers, including bone resorption marker
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Carboxy-Terminal Collagen Crosslinks (CTX), Bone Alkaline Phosphatase (BALP), and
vitamin D were measured.

2.3. Bone Mineral Density (BMD) and Body Composition Measurements

Body composition was measured using Dual-energy X-ray Absorptiometry (DXA)
with a Horizon Wi DXA system (Hologic, Waltham, MA, USA). BMD was measured in
the femoral neck, lumbar spine (L2–L4), and total hip. All data processing and scans were
carried out by the same radiologic technologist to minimize differences in measurements.
T-scores were used to compare normal individuals with the study subjects of the same race
and sex with peak bone mass, as stated by the database of the manufacturer.

2.4. Definition of Skeletal Muscle Mass Loss

Because overall skeletal muscle mass is directly related to body size, the measured
skeletal muscle mass had to be corrected for the body build of the study subject. The
correction method involves dividing the appendicular skeletal muscle mass by the height
square (ASM/ht2), by body mass index (ASM/BMI), or by weight (ASM/weight). Most
current studies, including the International Working Group on Sarcopenia (IWGS), the
European Working Group on Sarcopenia in Older People (EWGSOP), and the Asian
Working Group for Sarcopenia (AWGS), use skeletal muscle mass divided by height
squared [15]. Therefore, we used ASM/ht2 in this study, as assessed by DXA.

There are currently no research data for older people with regards to ASM/ht2 cut-off
points, and values lower than two standard deviations in younger people of the same
ethnicity [14] or the lowest 20% of the study population [16] are usually used. For example,
the IWGS recommends using cut-off points of the 20th percentile of the values of younger
people of the same ethnicity as the benchmark, which they report as being ≤7.23 kg/m2

for men and ≤5.67 kg/m2 for women. The AWGS follows the recommendations of the
EWGSOP and proposes cut-off points for muscle mass based on the body composition
of Asians of 7.0 kg/m2 for men and 5.7 kg/m2 for women, if measured by Bioelectrical
Impedance Analysis (BIA), and 7.0 kg/m2 for men and 5.4 kg/m2 in women if measured
by DXA.

Therefore, we used ASM/ht2 in this study, as assessed by DXA, and defined ≤5.4 kg/m2

as the cut-off point.

2.5. Criteria for Decreased Physiological Performance

Muscle function is evaluated by muscle strength and physical performance. Muscle
strength is measured by grip strength, knee flexion, knee extension, and peak expiratory
flow [17], of which grip strength is most commonly used. Motility performance measures
include gait speed, 6-min walk test, timed get-up-and-go test, and Short Physical Perfor-
mance Battery (SPPB) [18]. There is currently no standard method to evaluate muscle
function. For example, the EWGSOP and AWGS define a decline in muscle function as low
grip strength and slow walking speed, whereas the IWGS uses walking speed alone. In our
study, we applied the definition of EWGSOP and AWGS to determine the muscle function
of the study population by using the methods of handgrip strength and gait speed.

2.6. Statistical Analysis

Descriptive statistics are presented as percentages, medians (25th–75th percentile), or
means ± standard deviations for non-normally distributed variables. G*Power 3.1.9.4 was
used for the power analysis, and 0.996 of power (1-β error probability) was obtained. The
power analysis differences between groups were compared using the independent t-test
for continuous variables and the chi-square test for categorical variables. Multiple stepwise
linear regression analysis was used to identify the factors associated with ASM/ht2, hand-
grip strength, and gait speed after multiple adjustments. A p value < 0.05 was determined
to be statistically significant. All statistical analyses were produced using SPSS software
for Windows version 19.0 (SPSS Inc., Chicago, IL, USA).
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3. Results

We enrolled a total of 50 menopausal women with a mean age of 61.92 ± 7.77 years
who had undergone total thyroidectomy. Table 1 shows comparisons of the baseline
and DXA characteristics between the patients with abnormal (≤5.4 kg/m2) and normal
(>5.4 kg/m2) ASM/ht2. Compared to the patients with normal ASM/ht2, those with
abnormal ASM/ht2 had lower ASM/ht2, lower upper and lower extremity lean mass
percentage, and lower handgrip strength.

Table 1. Comparison of baseline and Dual Energy X-ray Absorptiometry (DXA) characteristics between patients with
normal and abnormal ASM/height2.

Characteristics ASM/Height2 > 5.4 kg/m2

(n = 46)
ASM/Height2 ≤ 5.4 kg/m2

(n = 4)
p

Age (year) 61.96 ± 7.99 61.50 ± 5.45 0.912
Thyroid cancer (%) 60.87 75.00 0.577

Menopausal years (year) 12.50 (8.75–20.25) 13.00 (8.50–22.00) 0.718
GNRI (score) 112.69 ± 7.54 112.48 ± 6.11 0.956
BMI (kg/m2) 24.70 ± 3.44 22.81 ± 1.12 0.284

DXA Parameters
Lumbar spine BMD (g/cm3) 1.01 ± 0.22 1.02 ± 0.17 0.890

T score −1.44 ± 1.80 −1.38 ± 1.46 0.945
Femoral neck BMD (g/cm3) 0.81 ± 0.17 0.79 ± 0.14 0.781

T score −1.61 ± 1.25 −1.83 ± 1.04 0.736
Total hip BMD (g/cm3) 0.89 ± 0.18 0.87 ± 0.13 0.864

T score −0.92 ± 1.44 −1.10± 1.06 0.809
Body composition

ASM/height2 (kg/m2) 6.21 ± 0.59 5.13 ± 0.21 0.001
Lean mass (trunk, %) 47.97 ± 1.74 49.05 ± 1.22 0.235

Lean mass (upper and lower extremity, %) 43.01 ± 1.95 40.72 ± 0.79 0.002
Fat (trunk, %) 54.70 ± 4.84 52.25 ± 2.36 0.325

Fat (upper and lower extremity, %) 41.06 ± 4.65 43.68 ± 1.84 0.273
Laboratory parameters

Albumin (g/dL) 4.43 ± 0.22 4.65 ± 0.32 0.063
eGFR (mL/min/1.73 m2) 85.62 ± 16.47 92.38 ± 12.19 0.429

Total calcium (mg/dL) 8.91 ± 0.37 9.00 ± 0.41 0.642
TSH (mU/L) 0.21 (0.03–1.74) 0.03 (0.03–2.85) 0.427

Free T4 (µg/dL) 1.69 (1.44–2.00) 1.61 (1.39–2.03) 0.762
T3 (ng/mL) 74.20 (66.01–88.10) 93.90 (72.17–115.02) 0.108

PTH (pg/mL) 28.18 (21.95–32.21) 34.58 (21.17–41.17) 0.414
Vitamin D (nmol/L) 25.25 (20.90–30.98) 32.80 (29.40–33.00) 0.242

Bone ALP (µg/L) 14.15 (11.00–17.75) 11.40 (6.20–20.30) 0.391
CTx (ng/mL) 0.26 (0.17–0.33) 0.29 (0.11–0.60) 0.782

FSH (mIU/mL) 41.81 (27.19–34.54) 35.68 (28.22–51.10) 0.953
Estradiol (pg/mL) 19.68 (15.48–25.37) 26.68 (20.46–31.91) 0.514
Cortisol (µg/dL) 10.63 (8.48–12.33) 11.49 (9.34–13.23) 0.583
IGF-1 (ng/mL) 114.54 (92.56–159.65) 105.24 (94.58–118.54) 0.404

Testosterone (ng/dL) 33.90 (24.05–43.35) 43.40 (32.65–47.63) 0.309

Thyroglobulin (IU/mL) 0.16 (0.16–0.16) 0.16 (0.16–0.16) 0.521
Microsomal Ab (IU/mL) 13.1 (10.00–24.15) 13.25 (10.48–20.08) 0.594

Thyroglobulin Ab (IU/mL) 20.00 (20.00–20.00) 20.00 (20.00–20.00) 0.556
Handgrip strength (kg) 20.22 ± 4.00 17.98 ± 2.33 0.278

Gait speed (m/s) 5.89 ± 1.13 5.08 ± 0.24 0.001

Abbreviations: Ab, antibody; ALP, Alkaline Phosphatase; ASM, appendicular skeletal muscle; BMD, bone mineral density; BMI, body
mass index; CTx, C-terminal telopeptide; DXA, dual-energy X-ray absorptiometry; eGFR, estimated glomerular filtration rate; FSH,
follicle-stimulating hormone; GNRI, geriatric nutrition risk index; IGF-1, Insulin-like growth factor-1; PTH, parathyroid hormone; TSH,
Thyroid-stimulating hormone.
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3.1. Determinants of ASM/ht2 in the Study Patients

Table 1 shows the determinants of ASM/ht2 using multivariate stepwise linear re-
gression analysis after adjusting for age; a history of thyroid cancer; log-transformed
menopausal years; GNRI; DXA parameters; estimated Glomerular Filtration Rate (eGFR);
total calcium; and log-transformed values of TSH, free T4, T3, PTH, vitamin D, BALP,
CTx, FSH, estradiol, cortisol, IGF-1, testosterone, thyroglobulin, microsomal Ab, and
thyroglobulin Ab.

Table 2 shows Low GNRI (per 1 score; unstandardized coefficient β, 0.042; 95% CI,
0.021 to 0.064; p < 0.001), low femoral neck BMD (per 1 g/cm3; unstandardized coefficient
β, 0.989; 95% CI, 0.049 to 1.929; p = 0.040), low TSH (log per 1 mU/L; unstandardized
coefficient β, 0.192; 95% CI, 0.027 to 0.357; p = 0.024), and low thyroglobulin Ab (log per
1 IU/mL; unstandardized coefficient β, 0.657; 95% CI, 0.210 to 1.103; p = 0.005), which are
all significantly associated with low ASM/ht2.

Table 2. Determinants of ASM/height2 using multivariable stepwise linear regression analysis.

ASM/Height2 Multivariate (Forward)

Unstandardized Coefficient
β (95% CI) p

GNRI (per 1 score) 0.042 (0.021, 0.064) <0.001
Femoral neck BMD (per 1 g/cm3) 0.989 (0.049, 1.929) 0.040

TSH (log per 1 mU/L) 0.192 (0.027, 0.357) 0.024
Thyroglobulin Ab (log per 1 IU/mL) 0.657 (0.210, 1.103) 0.005

R2 = 0.484, F change = 9.317, Durbin–Watson test = 1.826.

The results were adjusted for age, history of thyroid cancer, log-transformed menopausal
years, GNRI, DXA parameters, eGFR, total calcium, log-transformed T3, log-transformed free
T4, log-transformed TSH, log-transformed thyroglobulin, log-transformed microsomal Ab
and log-transformed thyroglobulin Ab, log-transformed PTH, log-transformed BALP, log-
transformed CTx, log-transformed vitamin D, log-transformed FSH, log-transformed estradiol,
log-transformed testosterone, log-transformed cortisol, log-transformed IGF-1. Abbreviations
are the same as in Table 1.

3.2. Determinants of Handgrip Strength in the Study Patients

Table 3 shows the determinants of handgrip strength using multivariate stepwise lin-
ear regression analysis after adjusting for age; a history of thyroid cancer; log-transformed
menopausal years; ASM/ht2; GNRI; DXA parameters; eGFR; total calcium; and log-
transformed values of TSH, free T4, T3, PTH, vitamin D, bone ALP, CTx, FSH, estradiol,
cortisol, IGF-1, testosterone, thyroglobulin, microsomal Ab, and thyroglobulin Ab. A long
duration of menopause (log per 1 year; unstandardized coefficient β, −3.112; 95% CI,
−5.661 to −0.563; p = 0.018), and low ASM/ht2 (per 1 kg/m2; unstandardized coeffi-
cient β, 2.669; 95% CI, 1.073 to 4.265; p = 0.002) were significantly associated with low
handgrip strength.

Table 3. Determinants of handgrip strength using multivariable stepwise linear regression analysis.

Handgrip Strength Multivariate (Forward)

Unstandardized Coefficient
β (95% CI) p

Menopausal years (log per 1 year) −3.112 (−5.661, −0.563) 0.018
ASM/height2 (per 1 kg/m2) 2.669 (1.073, 4.265) 0.002

R2 = 0.325, F change = 6.087, Durbin-Watson test = 2.155.

The results adjusted for age, history of thyroid cancer, log-transformed menopausal
years, GNRI, DXA parameters, eGFR, total calcium, log-transformed T3, log-transformed
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free T4, log-transformed TSH, log-transformed thyroglobulin, log-transformed microsomal
Ab and log-transformed thyroglobulin Ab, log-transformed PTH, log-transformed BALP,
log-transformed CTx, log-transformed vitamin D, log-transformed FSH, log-transformed
estradiol, log-transformed testosterone, log-transformed cortisol, and log-transformed
IGF-1. Abbreviations are the same as in Table 1.

3.3. Determinants of Gait Speed in the Study Patients

Table 4 shows the determinants of gait speed using multivariate stepwise linear
regression analysis after multiple adjustments (variables as adjusted for handgrip strength
in Table 2). Young age (per 1 year; unstandardized coefficient β, 0.043; 95% CI, 0.003 to
0.084; p = 0.036), high T3 (log per 1 ng/mL; unstandardized coefficient β, −3.541; 95% CI,
−7.019 to −0.063; p = 0.046), and low GNRI (per 1 score; unstandardized coefficient β,
0.062; 95% CI, 0.019 to 0.105; p = 0.006) were significantly associated with low gait speed.

Table 4. Determinants of gait speed using multivariable stepwise linear regression analysis.

Gait Speed Multivariate (Forward)

Unstandardized Coefficient
β (95% CI) p

Age (per 1 year) 0.043 (0.003, 0.084) 0.036
GNRI (per 1 score) 0.062 (0.019, 0.105) 0.006

T3 (log per 1 ng/mL) −3.541 (−7.019, −0.063) 0.046

R2 = 0.280, F change = 4.241, Durbin-Watson test = 1.292.

The results were adjusted for age, history of thyroid cancer, log-transformed menopausal
years, GNRI, DXA parameters, eGFR, total calcium, log-transformed T3, log-transformed
free T4, log-transformed TSH, log-transformed thyroglobulin, log-transformed microsomal
Ab and log-transformed thyroglobulin Ab, log-transformed PTH, log-transformed BALP,
log-transformed CTx, log-transformed vitamin D, log-transformed FSH, log-transformed
estradiol, log-transformed testosterone, log-transformed cortisol, and log-transformed IGF-1.
Abbreviations are the same as in Table 1.

4. Discussion

In this study, we identified eight determinants that were associated with sarcopenia in
postmenopausal women who had undergone total thyroidectomy, of which GNRI was the
only determinant to affect both muscle mass and physical function.

Several thyroid blood markers were related to ASM/ht2 ≤ 5.4 in this study. First,
low TSH, but not high free T4, was associated with low muscle mass. In contrast to these
findings, a few studies have reported that high free T4 [19], high free T3 [20], or high free
T3/free T4 ratio [20] were associated with sarcopenia, but low TSH was not [20]. However,
these studies focused on older euthyroid subjects, and patients with subclinical or overt
thyroid diseases were excluded. As mentioned previously, there is a clear relationship
between overt thyroid dysfunction and sarcopenia. Although there is currently no clear
conclusion as to whether or not subclinical thyroid dysfunction can affect muscle health, at
least one study has reported no significant increased risk of low muscle mass in subclinical
hypothyroid older people [21]. In addition, another study reported that subclinical hyper-
thyroidism was correlated with low muscle mass and strength [22]. Fewer studies [23,24]
have focused on muscle health in patients who receive levothyroxine supplements; how-
ever, they did not quantify the contribution of determinants with regression analysis as in
the present study. We confirmed the negative impact of levothyroxine over-replacement on
muscle mass, and also found that TSH was a good index.

Second, thyroglobulin Ab was also positively associated with muscle mass, which has
not previously been reported in patients without overt hypothyroidism. There are currently
no recognized extra-thyroid targets of this specific autoantibody [25]; however, a study
on hypothyroid myopathy found that these patients usually had higher thyroglobulin
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Ab than microsomal Ab [26], which seems to be the reverse of our results. A previous
study reported that this autoantibody declined after thyroidectomy in thyroid carcinoma
patients [27], and as more than 60% of our study population had this cancer, the lower
autoantibody level may imply a longer duration of levothyroxine replacement therapy or
over-suppression, which would therefore further increase the risk of sarcopenia.

Third, T3 was negatively associated with gait speed. This was peculiar but could
still explain why T3 was correlated with gait speed but not with ASM/ht2 or handgrip
strength. Muscle mass itself is not equal to muscle quality [28], which is defined as muscle
strength divided by muscle area. Walking or performing other physical activities requires
both muscle power and also good vision, neural function, and coordination. A previous
study attributed this to cognitive decline before a decline in muscle mass in subclinical
hyperthyroidism patients [29]. Furthermore, another study reported a positive association
between T3 and lower limb muscle mass but not upper limb muscle mass in euthyroid
young men [30]. Nevertheless, this does not apply to our study directly because serum
T3 levels were not correlated with free T4, TSH, or even supplemental doses taken by the
levothyroxine replacement patients according to previous studies [31,32], so it appears to
be an additional independent marker for physical performance in this specific population.
This should serve as a reminder to routinely check for both TSH/free T4 and also T3 in
patients receiving thyroxine replacement therapy to elucidate the risk of sarcopenia.

As an indicator of nutritional status, GNRI has been shown to be a predictor of sarcope-
nia in generally healthy older people [33], older cardiac patients [34], older patients with
chronic obstructive pulmonary disease [35], patients under hemodialysis [36], and patients
with early-stage non-small cell lung cancer [37]. However, to the best of our knowledge,
this is the first study to prove this relationship in patients with total thyroidectomy.

Other determinants of sarcopenia in this study were low femoral neck BMD with low
muscle mass, low ASM/ht2 and long duration of menopause with weak handgrip strength,
and young age with low gait speed. Except for the last factor, the other relationships
are intuitive and have been reported in previous studies [38–41]. It is unclear why our
older patients had higher gait speeds. However, this result should serve as a reminder
to evaluate dynapenia in female patients post-thyroidectomy, even if they are relatively
young, as they may have sufficient muscle quantity but poor quality. Moreover, poor
muscle quality has been associated with hard outcomes such as all-cause mortality and
hospitalization [42]. Furthermore, sarcopenia has also been shown to increase the incidence
of falls and fractures, metabolic impairment, chemotherapy-related toxicity, depression,
and decreasing quality of life [4,43].

Patients who undergo total thyroidectomy require lifelong levothyroxine therapy. In
addition, if they are diagnosed with differentiated thyroid carcinoma and classified as being
at high risk of recurrence or a structurally incomplete response, TSH over-suppression
is recommended for longer relapse-free survival [44]. Current guidelines already em-
phasize the adverse effects of TSH suppression, including cardiovascular complications,
osteoporosis, and cognitive dysfunction; however, they do not mention sarcopenia [44,45].
Nevertheless, greater attention should be paid to muscle health because proteolysis or
muscle breakdown has been observed in early hyperthyroidism, along with an increased
heart rate, with resolution of the abnormality after the resolution of hyperthyroidism [46].
For patients who need to keep taking levothyroxine over-replacement, aerobic activity
training [23], resistance training [47], and additional protein supplements [48] have been
shown to partially improve muscle health.

In our study population, the prevalence of ASM/ht2 ≤ 5.4 was 8%, which is similar to
the 10% reported sarcopenia in healthy older women in previous studies [49]. Therefore,
clinicians need to be aware of this common comorbidity in postmenopausal women with
total thyroidectomy and try to prevent or manage it, as not doing do may result in a
worse prognosis.

In this study, there are some limitations. First, we cannot assess longitudinal re-
lationships between these parameters and ASM/height2 or physiological performance
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because it is a cross-sectional study. Second, we were not able to include a control group
of healthy postmenopausal women of the same group as potential confounders because
several parameters used in this study were age dependent. Lastly, it is not possible to
use statistical tests to draw reliable conclusions because of the relatively small number of
enrolled patients. Therefore, to confirm our results, we need follow-up large-scale studies.

5. Conclusions

We have identified several determinants related to sarcopenia in postmenopausal
women of a younger age with total thyroidectomy, including low GNRI, low femoral neck
BMD, low TSH, and low thyroglobulin Ab for low ASM/ht2; long duration of menopausal
and low ASM/ht2 for low handgrip strength; and low GNRI, high T3, and young age for
low gait speed. Our findings suggest that, in postmenopausal women who have undergone
total thyroidectomy, it is possible to recognize those at a high risk of low physiological
performance and appendicular skeletal mass index, not only through BMD but also through
parameters of thyroid function and its antibodies, as well as through nutritional status.
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