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Background and Aims: Sarcopenia is a common disease in the elderly, and the thyroid hormone (TH) might participate in the
pathogenesis of sarcopenia. However, the results of previous studies were not completely consistent. We performed this study to
investigate the association between THs and sarcopenia in a Chinese elderly euthyroid population.

Subjects and Methods: A total of 309 Chinese elderly euthyroid subjects with an average age of 85.19 + 7.8 years were enrolled.
Participants were divided into four groups (non-sarcopenia, possible sarcopenia, sarcopenia and serve sarcopenia) according to the
consensus update of AWGS in 2019. Serum levels of TT3, FT3, TT4, FT4, TSH, rT3 and TBG were measured. Muscle mass was
measured by multifrequency bioelectrical impedance analysis, hand grip (HG) was represented by spring-type dynamometer, and gait
speed (GS) was determined by 6-metre walk test. The FRAIL scale was used to assess frailty.

Results: Compared to the non-sarcopenia group, the sarcopenia group showed a significant increase in age and FRIAL score, while
FT3 and TT3 levels decreased significantly. Partial correlation analysis (adjusted by age, gender and the scores of FRIAL scale)
indicated that FT3, TT3 and TSH had significant positive correlations with HG, and there also was a significant positive correlation
between TT3 and GS. In addition, after adjusting for age, gender, BMI, ALT, sCr, and score on the FRAIL scale, the multivariate linear
regression analysis showed that TT3 was positively associated with muscle strength and negatively associated with sarcopenia risk.

Conclusion: There is an association between the low TT3 level and sarcopenia. Therefore, maintaining higher T3 concentrations
within the normal range appears to be beneficial for sarcopenia in the elderly. In addition, due to the fluctuation of FT3, TT3 is a more
stable and practical indicator to evaluate the relationship between sarcopenia and thyroid hormone in the elderly euthyroid population.
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Introduction
Sarcopenia is a common disease in the elderly, which is defined as “age-related loss of skeletal muscle (SM) mass plus
loss of muscle strength and/or reduced physical performance”.!” According to the consensus update of Asian Working
Group for Sarcopenia (AWGS) in 2019, the prevalence of sarcopenia is about 7.3-12%.> > Sarcopenia increases the risk
of falling,® recurrent fall,” fracture® and mortality.” On the other hand, it was also significantly associated with
cardiometabolic disease'® and cognitive impairment.'' However, the pathogenesis of sarcopenia remains unclear and
there are no effective medications.

Previous studies have suggested that age,'? neuromuscular dysfunction,'® mitochondrial dysfunction,'* proinflamma-
tory cytokines,'> myocyte apoptosis,'® and heredity'® play a role in the pathogenesis of sarcopenia. Notably, recent
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studies demonstrated thyroid dysfunctions reduced the skeletal muscle mass or strength of mice,
thyroid hormone (TH) disorder had an association with sarcopenia. However, there were very few studies that mention
euthyroid and sarcopenia. In addition, the results were not fully consistent due to differences in the aging population and
region-dependent diagnostic criteria.'”?° Moreover, there were more limitations in these studies. Only free triiodothyr-
onine (FT3), free thyroxine (FT4), thyroid stimulating hormone (TSH) were selected to evaluate thyroid function in the
previous research. However, the activity of deiodinase decreases with age, as well as sexual hormones change and the
risk of frailty increases, which all affect the levels of reverse triiodothyronine (rT3) and thyroxine-binding globulin
(TBG).?'*? Therefore, in the elderly population, in addition to FT3, FT4, and TSH, total triiodothyronine (TT3), total
thyroxine (TT4), rT3, and TBG also need to be included to comprehensively evaluate thyroid function. On the other
hand, the appendicular lean mass (ALM) or ALM adjusted by Body mass index (BMI) was used to assess muscle mass in
the previous studies,'*° instead of the skeletal muscle mass index (SMI) recommended by the European Working Group
on Sarcopenia in Older People (EWGSOP)' and AWGS.?

In this study, we detected more thorough thyroid-related indicators (FT3, TT3, FT4, TT4, TSH, rT3 and TBG),
adopted more recognized indicators for evaluating sarcopenia (SMI, hand grip (HG) and gait speed (GS)), and included
frailty assessment to evaluate the relationship between sarcopenia and thyroid hormones in the elderly population, thus

providing better understanding effect of THs in sarcopenia pathogenesis.

Subjects and Methods

Study Population

A total of 309 elderly euthyroid subjects (age range 60-97 years, mean age 85.19+7.84 years) were included in this study,
and all of them were stable outpatients followed up by the Geriatric Hospital of Nanjing Medical University. Most of the
participants were over 80 years old (n=233, 75.46%), with 34.30% (n=106) of them being over 90 years old. The
proportion of females was 39.48% (female: n=122, male: n=187). All recruited subjects were asked to complete a self-
assessment questionnaire that included demographic data, height, weight, disease history, medication history and frailty
assessment (FRAIL scale). BMI was calculated as: BMI (kg/m?) = weight (kg)/height® (m?).

Patients taking glucocorticoids, androgens, thyroxine and other drugs that could affect thyroid function and muscle were
excluded. Subjects with frailty, thyroid dysfunction, acute infection, acute liver dysfunction, acute kidney dysfunction,
stroke sequelae, Parkinson’s disease and other conditions that may affect muscle function or TH levels were also excluded.

This study complied with the guidelines of the Helsinki Declaration. The Ethics Committee of the Geriatric Hospital
of Nanjing Medical University approved this study protocol (No: 2021029). All participants provided written informed
consent and patient anonymity will be preserved.

Blood Sampling
A venous blood sample was obtained after an overnight fast, and were tested immediately by the laboratory of the
Geriatric Hospital of Nanjing Medical University (HITACHI 7600 automatic analyzer). The indicators and their normal
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reference range are as follows: Alanine aminotransferase (ALT, 0—55 U/L), albumin (ALB, 35-55 g/L), prealbumin (PA,
0.2-0.4 g/L), serum creatinine (sCr, 55-109 umol/L), glucose (GLU, 3.9—6.1 mmol/L) determined.

THs and Related Indicators

Blood samples were collected from all subjects followed an overnight fast, and THs were detected by electrochemilu-
minescence assay (Roche electrochemiluminescence instrument E170). The THs and their normal reference range are as
follows: TT3 (0.64-1.52 ng/mL), FT3 (2.43—6.01pmol/L), TT4 (62.68-150.8 nmol/L), FT4 (9.01-19.05 pmol/L), TSH
(0.35-0.012 ulU/mL), rT3 (0.67-1.87 nmol/L), and TBG (2.4-8.7 ng/mL).

Assessments of Sarcopenia
According to the consensus of AWGS 2019, SMI, hand grip (HG) and gait speed (GS) were used to represent the skeletal
muscle mass, muscle strength and muscle function.

The bioelectrical impedance analysis (BIA) (InBody S10) was used to measure appendicular skeletal muscle mass
(ASM). The appendicular skeletal muscle mass index (SMI) was calculated as: SMI (kg/m* }= ASM (kg)/height® (m? )
Low SMI is defined as <7.0 kg/m” in men and <5.7 kg/m* in women.”

The hand dynamometer ((Jamar®, Los Angeles, CA, USA) was used to measure the HG of the dominant hand. All
hands were naturally drooped and tested three times in 1 minute using dynamometer to record the maximum. Low
muscle strength is defined as <28.0 kg for men and <18.0 kg for women.?

GS was measured using the 6-meter (6 m) walk test. The examiner measured the time taken to walk 6 m at a normal
pace from a moving start without deceleration, and took the average result of at least 2 trials as the recorded speed.
According to AWGS 2019 consensus, the cutoff for slow GS is <I m/s”.

All the assessments were performed by a single examiner in a dedicated Comprehensive Geriatric Assessment room
to avoid distractions during the procedure.

Diagnosis of Sarcopenia

According to the AWGS 2019 consensus, the definition of sarcopenia includes low SMI, combined with low HG or slow
GS. Severe sarcopenia is defined as low SMI, combined with low HG and slow GS. Possible sarcopenia is defined as
normal SMI but low HG, with or without slow GS.

Statistical Analysis

Descriptive data were presented as means (M) =+ standard deviation (SD). Before statistical analysis, the data should be
tested for normal distribution. The One-Way ANOVA and #-test analyses were performed when the data were normally
distributed, otherwise Rank-sum tests were used. The Chi-square test was chosen to compare the proportion of females.
In the correlation analysis, Pearson’s partial correlation analysis was used. To investigate the association of THs with
sarcopenia and its defining components (low muscle mass, low muscle strength, and low muscle function), we fitted two
logistic regression models. For model 1, we adjusted for age, male, and FRIAL scale score, which differed between
groups in the baseline. For model 2, age, sex, BMI, FRIAL scale score, PA, ALT, and sCr were adjusted to be potentially
causal for sarcopenia or contribute to its development.

Results
Baseline Data, THs, TBG, SMI, HG and GS Levels for Participants

All patients were euthyroid and divided into non-sarcopenia group, possible sarcopenia group, sarcopenia group and
severe sarcopenia group according to the AWGS 2019 consensus. Among all 309 euthyroid subjects, 103 were diagnosed
with sarcopenia (sarcopenia and severe sarcopenia) and the prevalence rate was 33.33%. In the <80 age group, 8090 age
group and >90 age group, the prevalence of sarcopenia was 28.94% (22/76), 34.65% (44/127) and 34.91% (37/106),
respectively. In addition, 102 subjects were diagnosed with possible sarcopenia and the prevalence rate was 33.01%,
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while the prevalence of possible sarcopenia was respectively 17.11% (13/76), 37.79% (48/127) and 38.68% (41/106) in
three age groups.

The age (F=16.53, P<0.001), the proportion of female (){2=17.65, P=0.007), SMI (F=67.19, P<0.001), HG (F=53.74,
P<0.001), GS (F=21.80, P<0.001), the scores of FRIAL scale (y*=14.14, P=0.003) were significantly different among
four groups. While, the BMI, ALT, ALB, sCr and GLU had no significant differences. The proportion of female
(*=27.36, P<0.001), the score of FRAIL scale (Z=2.09, P=0.036) in serve sarcopenia had significant differences
compared with non-sarcopenia group, while the proportion of female (y?=30.68, P<0.001) and the score of FRAIL
scale (Z=3.14, P=0.002) in sarcopenia group were also lower than that in non-sarcopenia group. The baseline data for the
four groups is shown in Table 1.

Levels of THs and TBG in Different Groups

According to Figure 1, the levels of FT3 (F=5.70, P=0.001) and TT3 (F=6.067, P=0.001) had significant differences
among the four groups. The level of FT3 (t=0.161, P=0.020) and TT3 (t=2.675, P=0.008) in the severe sarcopenia group
were significantly lower than that in the non-sarcopenia groups. On the other hand, the levels of FT4, TT4, TSH, rT3 and
TBG did not show significant differences between the four groups.

Correlation Between THs and Sarcopenia Elements

Based on the results of the baseline data, we chose partial correlation analysis to analyze the correlation between thyroid
hormones (FT3, TT3 and TSH) and sarcopenia elements (SMI, HG and GS) in order to avoid the influence of gender, age
and frailty status. After adjusting for age, gender and the score of FRAIL scale, HG had positive correlations with FT3
(r=0.151, P=0.009), TT3 (OR=0.175, P=0.002) and TSH (r=0.149, P=0.009), while GS had a positive correlation with
TT3 (r=0.183, P=0.001). The correlation between THs and sarcopenia elements is shown in Figure 2.

The Effect of THs on Sarcopenia

Binary logistic regression analysis was used to reveal the relationship between sarcopenia and TH. In the model 1, the
level of FT3 (OR=0.618, 95% CI: 0.399-0.957, P=0.031) and TT3 (OR=0.060, 95% CI: 0.011-0.346, P=0.002) reduced
the risk of sarcopenia, and TT3 (OR=0.123, 95% CI: 0.026-0.593, P=0.009) also reduce the risk of low HG. In the model
2, TT3, but not FT3, still had a significant negative correlation with the risk of sarcopenia (OR=0.115, 95% CI: 0.016—
0.821, P=0.031) and low HG (OR=0.165, 95% CI: 0.028-0.972, P=0.046). The results are presented in Table 2.

Table | Baseline Characteristics for the Participants

Non- Possible Sarcopenia P value
Sarcopenia Sarcopenia R R
Sarcopenia Severe Sarcopenia

N 104 102 44 59
Female (%) 51 (49.04%) 45 (44.12%) 11 (25.00%)" 15 (25.42%)" 0.003*
Age(y) 81.61+8.72 87.50+5.97 83.74+8.36 88.58+5.65 0.000%*
BMI (kg/m?) 24.24+3.18 24.55+4.36 24.00+3.32 24.46+3.68 0.850
ALT (U/L) 17.59+15.86 20.37+21.77 16.36+8.03 16.98+8.06 0.443
ALB (g/L) 38.14£3.71 38.43%4.12 38.51+3.83 36.57+3.61 0.612
PA (g/L) 0.22+0.09 0.20+0.08 0.22+0.07 0.21+0.06 0.529
sCr (umol/L) 82.17+26.52 82.46+19.40 78.28+30.56 84.84+35.76 0.711
GLU (mmol/L) 5.83%1.75 5.78%1.62 5.77x1.25 6.03+1.82 0.578
FRAIL scale 0.95+0.88 0.9420.9| 1.50+1.04* 1.3541.13" 0.001%*
SMI (kg/m?) 7.34+1.04 7.54+0.87 5.96+0.65" 5.90+0.78% 0.000*
HG (kg) 27.95+7.49 18.995.15% 28.76+4.69 19.95+4.88" 0.000%*
GS (mfs) 0.80+0.21 0.60+0.21% 0.71+0.18 0.58+0.22% 0.000%*

Notes: *P value < 0.05, comparison among the four groups. *P value < 0.05, comparison with the non-sarcopenia group.

Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; ALB, albumin; PA, prealbumin; sCr, serum creatinine; GLU,

glucose; HG, hand grip; SMI, skeletal muscle mass index; GS, gait speed.
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Figure | The levels of THs in non-sarcopenia, possible sarcopenia, sarcopenia and severe sarcopenia groups. *P value < 0.05 indicates statistically significant difference.
Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid stimulating hormone; rT3, reverse
triiodothyronine; TBG, thyroxine-binding globulin.

Discussions

As a common muscle disease in the elderly, sarcopenia is strongly associated with adverse events such as falls and
fractures.”® It is necessary to explore the pathogenesis of sarcopenia and find better intervention opportunities and
strategies. TH is closely related to the regeneration, differentiation, and mitochondrial energy metabolism of SM
cells,?>** and also acts as a regulator of muscle fibers.?> Thus, THs retain their crucial effect on the SM, yet the
relationship between THs and sarcopenia is still under debated. In this study, we focused on the association between TH
and sarcopenia using a Chinese elderly population of 309 euthyroid individuals, most of whom were the old-old. We
found that serum levels of FT3 and TT3 were positively associated with muscle strength and TT3 had a negative
association with the risk of sarcopenia, suggested that T3 is closely related to sarcopenia in the euthyroid elderly
population, and maintaining a moderate T3 concentration within the normal range, especially TT3, would reduce the
decline of muscle strength and the occurrence of sarcopenia.

SM is an important target organ for TH. TH enters the skeletal muscle cell through the monocarboxylate transporter,
converted by deiodinase and binds with the thyroid hormone receptor (THR) in the nucleus to play its physiological
functions. There are two kinds of deiodinase in SM cells, deiodinase type 2 (DIO2) and type 3 (DIO3). The function of
DIO2 is to facilitate the conversion of T4 to T3, while DIO3 accelerates the degradation of T4 to the inactive rT3.%* As
age increases, the expression of DIO 3 gene increases and the amount of THR decreases, leading to the decline of the
effect of T3 on SM* and the development of sarcopenia.** In our study, it was also shown that FT3 was strongly
associated with sarcopenia and HG, similar to previous studies.'>*° However, after correcting for age, gender, BMI, PA,
scores of FRIAL, ALT and sCr, it was found that TT3, but not FT3, had a significant correlation with sarcopenia and HG.
This suggests that TT3 appears to be more closely related to sarcopenia than FT3. One of the reasons for these
specificities is that the subjects in this study were older than the others, which increases the volatility of FT3. TH is
easily influenced by age, season and temperature, especially for FT3,°° and the levels of deiodinase and TBG are also
affected by age, which directly affects FT3 levels. The above factors contribute to the instability of FT3, and it is not
a good indicator for evaluating T3 levels in the elderly population. On the contrary, as the main component of T3,
although TT3 does not directly play a physiological role, it fluctuates less and it is better suited to represent the
relationship between T3 and sarcopenia. Besides, we adopted the more appropriate diagnostic criteria of the AWGS due
to the Asian subjects in our study. Another important possibility was more thyroid indicators to be included to evaluate
the association between the TH and sarcopenia, while SMI, a more recognized diagnostic indicator, was used to assess
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Figure 2 The correlation between sarcopenia elements and thyroid hormone levels after adjusting for the gender;, age and the score of FRAIL scale. *P value < 0.05.

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid stimulating hormone; rT3, reverse
triiodothyronine; TBG, thyroxine-binding globulin; HG, hand grip; SMI, skeletal muscle mass index; GS, gait speed.

the muscle mass. In addition, we have chosen the FRIAL scale to evaluate frailty status, which was poorly covered by
studies. The FRAIL scale scores were found to differ significantly between the four groups. Frailty may increase the
prevalence of low T3 syndrome,”*° affected TBG synthesis,?’ thus increasing FT3 volatility.

The fibers in SM are mainly divided into two main types, the slow and fast muscle fibers, and the reduction of the fast
muscle fibers was considered to be one of the main characteristics of sarcopenia.'**? Slow muscle fibers primarily
mediate low-intensity activities or posture maintenance, while fast muscle fibers mediate fast or intense muscle-
contracting movements such as jumping and kicking.*® TH could promote the conversion of muscle fibers to fast muscle
fibers by inhibiting the effects of TEA domain family member 1 (TEAD1)** and p-Crystallin (Crym).>> Thus, TH is also
an important regulator of muscle fibers. As T3 decline and THR decrease in older adults, the regulatory effect of TH on
fast muscle fibers also decays. Our study found T3 was closely related to HG and GS, both of which are associated with
the reduction of fast muscle fibers. After adjusting for the correction factors, TT3 showed a positive correlation with grip
strength and a significant protective effect on muscle strength. This suggested that maintaining an appropriate TT3 level
within the normal range was beneficial to muscle strength, which may be the main way for T3 to play a protective role

against sarcopenia.
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Table 2 The Correlation Between TH, Sarcopenia, Low SMI, Low HG and Low GS

Sarcopenia Low SMI Low HG Slow GS

OR P OR P OR P OR P
Model |
FT3 0.618 0.031* 0.876 0.889 0.706 0.568 0.876 0.765
FT4 1.030 0.715 1.009 0.650 0.860 0.533 0.987 0.543
TT3 0.060 0.002* 0.764 0.901 0.123 0.009* 1.114 0.689
TT4 1.011 0.197 1.125 0.430 1.134 0.221 1.123 0.229
TSH 0.996 0.920 1.017 0.905 1.084 0.122 0.956 0.467
Model 2
FT3 0.875 0.600 0.979 0.929 0.706 0.647 0.902 0.803
FT4 1.044 0.593 1.021 0.780 0.960 0.577 0.936 0.613
TT3 0.115 0.031* 0.925 0.931 0.165 0.046* 1.015 0.116
TT4 1.010 0.199 1.005 0.530 1.007 0.327 1.015 0.219
TSH 1.030 0.720 1.011 0.885 1.084 0.280 0.921 0.517

Notes: Model I: adjusted the age, male, and FRIAL scale score, which vary between groups at baseline. Model 2: adjusted the age,
sex, BMI, FRIAL scale score, PA, ALT and sCr, which are potentially causal for sarcopenia or contribute to its development. *P value <
0.05 indicates a statistically significant difference.

Abbreviations: FT3, free triiodothyronine; FT4, free thyroxine; TT3, total triiodothyronine; TT4, total thyroxine; TSH, thyroid
stimulating hormone; SMI, skeletal muscle mass index; HG, hand grip; GS, gait speed.

In addition, in this study, we also included the possible sarcopenia group as an independent group, which was not
involved in other studies. The results showed that the T3 level in the possible sarcopenia group decreased than non-
sarcopenia group. Compared to the non-sarcopenia group, the levels of FT3 and TT3 were reduced in the possible
sarcopenia group. Although there was no significant difference about this decline of FT3 and TT3, we found that the HG
and GS of the possible sarcopenia group were significantly decreased compared to the non-sarcopenia group. This
suggested that the decline in T3 might have caused changes in muscle strength and function in the stage of pre-
sarcopenia, and this may be a key point for further research.

Conclusions

Our study showed there is an association between low TT3 level and sarcopenia. Therefore, maintaining higher TT3
concentrations within the normal range appeared to be beneficial to reduce the risk of sarcopenia, and prevent the decline
of grip strength. Moreover, compared to FT3, TT3 is a more practical indicator for evaluating the relationship of
sarcopenia and thyroid hormone in the elderly.
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