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Objective: Observational studies have shown positive associations between
thyroid dysfunction and risk of sarcopenia. However, the causality of this
association remains unknown. This study aimed to evaluate the potential
causal relationship between thyroid dysfunction and sarcopenia using
Mendelian randomization (MR).

Methods: This study collected pooled data from genome-wide association
studies focusing on thyroid dysfunction and three sarcopenia-related features:
low hand grip strength, appendicular lean mass (ALM), and walking pace, all in
individuals of European ancestry. The primary analytical method used was
inverse-variance weighted, with weighted median and MR-Egger serving as
complementary methods to assess causal effects. Heterogeneity and
pleiotropy tests were also performed, and the stability of the results was
evaluated using the Leave-one-out.

Results: The MR analysis indicated that hyperthyroidism could lead to a
significant decrease in ALM in the extremities (OR = 1.03; 95% Cl = 1.02 to
1.05; P < 0.001). The analysis also found that hypothyroidism could cause a
notable reduction in grip strength (OR = 2.03; 95% CI = 1.37 to 3.01; P < 0.001)
and walking pace (OR = 0.83; 95% Cl| = 0.77 to 0.90; P < 0.001). There was a
significant association between subclinical hyperthyroidism and a reduced
walking pace (OR = 1.00; 95% Cl = 0.99 to 1.00; P = 0.041).

Conclusion: This study provides evidence that hyperthyroidism, hypothyroidism,
and subclinical hyperthyroidism can all increase the risk of sarcopenia.
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1 Introduction

Sarcopenia is a progressive and systemic disease that affects skeletal
muscles, leading to a heightened risk of adverse outcomes such as falls,
fractures, reduced physical function, and increased mortality (1).
Epidemiological studies demonstrated that sarcopenia affects
between 10%-27% of the aged population worldwide (2). This
condition poses a significant health challenge on a global scale,
leading to substantial medical and economic burdens on society (3).
However, most patients with sarcopenia do not receive adequate
medical or health intervention. Depending on the cause, sarcopenia
is divided into two types. Primary sarcopenia is associated with aging
and involves the biological basis of aging. Secondary sarcopenia can be
traced back to specific causes such as malnutrition, physical inactivity,
and chronic disease (4). Regardless of the phenotype, the main
pathological contributors are inflammation, oxidative stress, protein
anabolic imbalance, and hormonal disorders (5).

Thyroid hormones are crucial for maintaining metabolism and
are involved in the regulation of growth, development, and
substance metabolism. The skeletal muscle is its main target
organ, and thyroid hormone signaling is involved in skeletal
muscle development, plasticity and repair by regulating the
expression of core genes related to skeletal muscle homeostasis,
function and metabolism (6). A previous study showed that
declining thyroid hormone levels associated with aging can lead
to decreased type II muscle fibers (7). In patients with subclinical
thyroid disease, serum thyroid-stimulating hormone levels are
associated with sarcopenia and its components in a U-shaped
relationship (8). Loss of muscle mass and decreased muscle
function are common in patients with hyperthyroidism. One
study found that patients receiving effective hyperthyroidism
treatment experienced significant recovery in skeletal muscle mass
index and grip strength (9). A possible explanation is that abnormal
thyroid hormone levels lead to abnormal mitochondrial activity,
oxidative phosphorylation, and oxygen consumption, which affect
the resting metabolic rate of skeletal muscle. This in turn affects the
catabolism of protein metabolism, causing muscle atrophy and
decreased muscle function (10). Additionally, exposure of satellite
cells to abnormal thyroid hormone levels leads to a decrease in Pax7
cells, which is detrimental to muscle regeneration (11). These
studies point in the same direction, highlighting the association of
thyroid disease with sarcopenia. However, most of these studies
were cross-sectional, had small sample sizes, and were limited by
confounding factors and reverse causality. Determining whether
there is a causal relationship between these two is critical for the
identification of secondary sarcopenia subtypes and their targeted
therapeutic strategies.

Mendelian randomization (MR) is a research method that
leverages genetic data, using single-nucleotide polymorphisms
(SNPs) as instrumental variables (IVs). This approach effectively
mitigates the effects of confounders and reverse causation,
providing more robust causal inferences (12, 13). To date, no MR
studies have been published exploring the causal relationship
between thyroid dysfunction and sarcopenia. Therefore, this study
aims to fill this gap by analyzing the potential causal relationship
between thyroid dysfunction and sarcopenia using MR methods to
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provide a theoretical basis for prevention and targeted intervention
in sarcopenia.

2 Materials and methods

2.1 Study design

In this study, hyperthyroidism, hypothyroidism, subclinical
hyperthyroidism, and subclinical hypothyroidism were used as
exposures. The three sarcopenia-associated features, namely, low
grip strength, ALM, and stride speed, were used as outcomes, and
two-sample MR was used as the design methodology to explore the
causal association between thyroid dysfunction and sarcopenia. In
alignment with the STROBE-MR guidelines (14), MR analysis
employs IVs to infer causal associations. For the IVs to be valid,
the following three core assumptions must be met: 1) The IVs must
be significantly correlated with thyroid dysfunction; 2) The IVs
must be independent of confounders related to both thyroid
dysfunction and sarcopenia; 3) The IVs must affect sarcopenia
exclusively through their impact on thyroid dysfunction, with no
direct association with sarcopenia. Figure 1 provides a visual
representation of the study’s flow.

2.2 Data sources

The SNPs analyzed in this study were sourced from publicly
available databases including the FinnGen, the UK Biobank, and the
Thyroidomics Consortium. Access to these datasets was facilitated
through R and Python packages, which interface with the respective
application programming interfaces. All SNPs were extracted from
studies involving European populations to mitigate the effects of
population stratification. Since the study utilized published
genome-wide association studies (GWAS) data, no ethical
clearance or informed consent was required. A detailed overview
of the GWAS data is shown in Table 1.

Summary GWAS data for hyperthyroidism are derived from the
FinnGen study, comprising 173,938 subjects and over 16 million
SNPs. Hypothyroidism data was sourced from the UK Biobank,
including 462,933 subjects and over 9 million SNPs. Data on
subclinical hyperthyroidism and subclinical hypothyroidism were
derived from a meta-analysis investigating the genetic basis of
thyroid function. The thyroid function is assessed by measuring
circulating TSH and free T4 levels involving testing over 8 million
genetic variants in a sample of up to 72,167 individuals (15).

The findings on low grip strength were obtained from a
comprehensive genome-wide association meta-analysis involving
22 cohorts of 256,523 European individuals aged 60 years or older
(16). Of these participants, 46,596 (18.9%) exhibited muscle
weakness, as identified through 15 specific genetic loci associated
with muscle weakness by the European Working Group on
Sarcopenia in Older People. ALM summary data included
450,243 participants measured primarily by the Tanita BC 418ma
body fat analyzer, validated against DEXA methodology (17).
Walking pace data were derived from a 2018 study including
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FIGURE 1

Flowchart and the three core assumptions in Mendelian randomization. Assumption 1: the IVs must be significantly correlated with thyroid
dysfunction. Assumption 2: the IVs must be independent of confounders related to both thyroid dysfunction and sarcopenia. Assumption 3: the IVs
must affect sarcopenia exclusively through their impact on thyroid dysfunction, with no direct association with sarcopenia.

459,915 cases from a European population, with 9,851,867
SNPs analyzed.

2.3 Choice of instrumental variables

For the IVs to be valid, the study followed three fundamental
assumptions. Firstly, the IVs must be significantly correlated with
the exposure factor (thyroid dysfunction). This was validated by
selecting SNPs with a P < 5x10~® from the GWAS data. Secondly,
the IVs must be independent of any confounding variables. This
was analyzed using the linkage disequilibrium (LD) parameter with
conditions of r* < 0.001 and a genetic distance of 10,000 kb (18).
Thirdly, the IVs should influence the outcome (sarcopenia) only
through the exposure (thyroid dysfunction). Selected IVs were
further evaluated using the F statistic to assess for weak
instrument bias. F > 10 indicates the absence of weak instrument
bias, while F < 10 suggests potential bias, needing the exclusion of
the respective SNP to avoid skewing the results (19).

2.4 Mendelian randomization analysis

The study employed an inverse-variance weighted (IVW) to
combine the effect sizes of multiple SNPs, analyzing the causal

associations between thyroid dysfunction and sarcopenia (20). This
primary analysis was supplemented by weighted median and MR-
Egger regression to ensure robustness (21, 22). The MR-Egger
intercept was used to detect horizontal pleiotropy, while
Cochran’s Q test assessed heterogeneity in SNP effects (23).
Leave-one-out was used to assess whether a single SNP had an
effect on the MR results. Additionally, MR-PRESSO was used to
detect outlier SNPs, thereby reducing bias due to horizontal
pleiotropy (24).

3 Results
3.1 Instrumental variables

After excluding SNPs by criteria such as screening P-values,
removal of LD, F statistic screening, and adjustment for allelic
status, five SNPs associated with hyperthyroidism, 116 SNPs
associated with hypothyroidism, six SNPs associated with
subclinical hyperthyroidism, and eight SNPs associated with
subclinical hypothyroidism were finally included as IVs from the
original GWAS. Supplementary Tables 1-4 provide detailed
information on the IVs. When utilizing these IVs to correlate
with the outcomes, we excluded pleiotropic and palindromic
SNPs to improve the robustness of the results.

TABLE 1 The relevant data information was extracted from the GWAS database.

Phenotype Data source Years Sample size No. of SNPs GWAS ID
Hyperthyroidism FinnGen 2021 173,938 16,380,189 finn-b-AUTOIMMUNE_HYPERTHYROIDISM
Hypothyroidism UK Biobank 2018 462,933 9,851,867 ukb-b-19732
Subclinical hyperthyroidism | Thyroidomics Consortium 2018 51,823 8,048,941 NA
Subclinical hypothyroidism | Thyroidomics Consortium 2018 53,423 8,048,941 NA
Low hand grip strength UK Biobank 2021 256,523 9,336,415 ebi-a-GCST90007526
ALM UK Biobank 2020 450,243 18,071,518 ebi-a-GCST90000025
Walking pace UK Biobank 2018 459,915 9,851,867 ukb-b-4711
ALM, appendicular lean mass; No. of SNPs, number of single nucleotide polymorphisms. NA, Not Available.
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3.2 MR analysis of hyperthyroidism and
sarcopenia-related features

The MR analysis assessed the impact of hyperthyroidism on
sarcopenia-related phenotypes. Figure 2 illustrates these results. The
IVW method has shown that hyperthyroidism is associated with
reduced ALM (OR = 1.03, 95% CI = 1.02 to 1.05, P < 0.001). After
removing one outlier SNP (rs179247) using MR-PRESSO, MR-
Egger analysis confirmed the absence of pleiotropy (P > 0.05).
Cochran’s Q test showed heterogeneity among the hyperthyroidism
and ALM (P < 0.05). Leave-one-out was observed that no significant
differences in the results occurred after excluding each SNP,
confirming the reliability of the results of the MR analyses. Leave-
one-out for hyperthyroidism and ALM are presented in Figure 3.

3.3 MR analysis of hypothyroidism and
sarcopenia-related features

The MR analysis results for hypothyroidism and sarcopenia-
related phenotypes are shown in Figure 4. The IVW method
identified causal associations between hypothyroidism and low hand
grip strength (OR =2.03;95% CI = 1.37 t0 3.01, P < 0.001) as well as the
causal associations between hypothyroidism and walking pace (OR =
0.83; 95% CI = 0.77 to 0.90, P < 0.001). MR-Egger analysis did not
detect potential pleiotropy (P > 0.05). The results were consistent after
correction for abnormal SNPs by MR-PRESSO. Cochran’s Q test
indicated heterogeneity among the hypothyroidism and sarcopenia-
related features (P < 0.05). Leave-one-out indicated no significant
changes observed upon sequential SNP exclusion. Leave-one-out for
hypothyroidism with low hand grip strength and walking pace are
depicted in Figures 5 and 6, respectively.

3.4 MR analysis of subclinical
hyperthyroidism and sarcopenia-
related features

As shown in Figure 7, IVW revealed a significant association
between subclinical hyperthyroidism and decreased walking pace

10.3389/fendo.2024.1378757

(OR =1.00;95% CI = 0.99 to 1.00; P = 0.041). MR-Egger regression
confirmed the absence of pleiotropy (P > 0.05). No outliers were
identified by MR-PRESSO. Cochran’s Q test confirmed the
presence of heterogeneity (P < 0.05). Leave-one-out indicated
minimal changes in the overall error line after excluding each
SNP, ensuring the robustness of the findings. Leave-one-out for
subclinical hyperthyroidism and walking pace are illustrated
in Figure 8.

3.5 MR analysis of subclinical
hypothyroidism and sarcopenia-
related features

The MR analysis did not find a causal association between
subclinical hypothyroidism and sarcopenia-related features, as
shown in Figure 9. MR-Egger regression indicated no pleiotropy
(P> 0.05). No outliers were identified by MR-PRESSO. Cochran’s
Q test revealed heterogeneity between subclinical hypothyroidism
and both ALM and walking pace (P < 0.05). Leave-one-out
demonstrated that excluding SNPs one by one had no
significant effect on the results, affirming the robustness of
the findings.

4 Discussion

This study employed a two-sample MR design to
systematically explore the causal relationships between thyroid
dysfunction and sarcopenia-related features through genetic
variation analysis. The findings revealed that hyperthyroidism is
associated with reduced muscle mass; hypothyroidism correlates
with diminished grip strength and walking pace; subclinical
hyperthyroidism is linked to lower walking pace. However, no
causal relationship was found between subclinical hypothyroidism
and sarcopenia.

Outcomes Methods SNPs OR (95% CI) P
Low hand grip strength  IVW 4 e 1.00 (0.97 to 1.04) 0.914
MR Egger 4 : 1.05(0.81to 1.35) 0.753
Weighted median 4 - 0.9 (0.96 to 1.02) 0.554
ALM VW 4 E"' 1.03 (1.02t0 1.05) <0.001
MR Egger 4 e 1.07 (1.04 to 1.11) 0.054
Weighted median 4 i 1.02 (1.01to 1.04) <0.001
Walking pace VW 5 4 1.00 (0.99 to 1.00) 0.275
MR Egger 5 " 1.00 (0.98 to 1.00) 0.600
Weighted median 5 'é 1.00 (0.99 to 1.00) 0.161
P<0.05 was considered statistically significant 0_' s 1' 1_'2 1_‘ 4

FIGURE 2

MR analysis of association between hyperthyroidism and sarcopenia-related features. ALM, appendicular lean mass; IVW, inverse-variance weighted;
SNPs, single nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval.
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FIGURE 3

The result of the leave-one-out sensitivity analysis of hyperthyroidism and ALM

Outcomes Methods SNPs OR (95% CI) P

Low hand grip strength  IVW 116 e e 2.03(1.37t03.01) <0.001
MR Egger 116 : =323 (1.38t0 7.57) 0.008
Weighted median 116 ; ————% 263 (144 t04.82) 0.002

ALM VW 116 "';‘ 0.86 (0.67 to 1.11) 0.254
MR Egger 116 '—-—:' 0.71(0.41t0 1.24) 0.238
Weighted median 116 "'E 0.73 (0.61t0 0.89) 0.001

Walking pace VW 116 -E 0.83(0.77 to 0.90) <<0.001
MR Egger 116 "’E 0.81(0.68to 0.96) 0.017
Weighted median 116 - E 0.78 (0.71 t0 0.87) <<0.001

p <0.05 was considered statistically significant 6 1' 2' :;

FIGURE 4

MR analysis of association between hypothyroidism and sarcopenia-related features. ALM, appendicular lean mass; IVW, inverse-variance weighted;
SNPs, single nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval.

Thyroid hormones significantly influence skeletal muscle
contraction, repair, and metabolic functions (6, 25, 26). These
effects are mediated by thyroid hormone transporters MCT8 and
MCT10 in the plasma membrane, the presence of thyroid hormone
receptors, and the hormones’ availability (27-29). Emerging clinical
evidence highlights the critical role of thyroid function in
maintaining muscle health (30, 31). A study by Brennan et al.

Frontiers in Endocrinology

(32) demonstrated that adults with hyperthyroidism had reduced
muscle strength and smaller mid-thigh cross-sectional areas
compared to individuals with normal thyroid function. Notably,
muscle function improved significantly with the restoration of
thyroid function. This finding aligns with our study, which
showed hyperthyroidism leads to a reduction in ALM. Studies of
thyroid function and grip strength have shown that both
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FIGURE 5

The result of the leave-one-out sensitivity analysis of hypothyroidism and low hand grip strength.

hyperthyroidism and hypothyroidism reduce hand grip strength
(33, 34). However, our study found a causal association only
between hypothyroidism and low hand grip strength. Although
previous observational studies did not establish a link between
walking pace and thyroid dysfunction, our results demonstrate a
causal association between hypothyroidism and walking pace.
Earlier observational studies have investigated the effects of
subclinical thyroid dysfunction on muscle function and physical
performance. One study on older individuals found that
subclinical hypothyroidism minimally affects muscle mass,
strength, and quality, suggesting no link to sarcopenia (35).
Similarly, a study of elderly Brazilians found no association
between subclinical thyroid dysfunction and sarcopenia (8).
Contradicting these findings, our study suggests that subclinical
hyperthyroidism may decrease walking pace, thereby increasing
the risk of sarcopenia. Thyroid disease in the elderly often presents
atypically, easily confused with aging symptoms. A cross-sectional
study showed that changes in thyroid hormone levels were
associated with frailty in older adults, suggesting a relevant role

Frontiers in Endocrinology

for thyroid function in aging (36). A study on subclinical thyroid
dysfunction and frailty in older men indicated that subclinical
hyperthyroidism increased the level of frailty (37). Sarcopenia as
an independent predictor of all-cause mortality in the elderly
population, a study by Zhang (38) et al. found a positive
correlation between free triiodothyronine (FT3) and grip
strength, suggesting that FT3 is a prognostic determinant of
sarcopenia, emphasizing that routine assessment of FT3 is
mandatory for identifying patients at risk for sarcopenia.

Our study leveraged stable genetic variants representing specific
phenotypes as IVs, effectively mitigating confounding effects and
reverse causality, thereby highlighting the lifelong risk of sarcopenia
associated with thyroid dysfunction. However, several limitations
exist. The study analyzed GWAS data for three sarcopenia-related
phenotypes rather than direct sarcopenia GWAS data, limiting a
comprehensive assessment. In addition, the GWAS for walking
pace was based on an ordered trichotomous phenotype in the UK
Biobank, potentially obscuring finer differences in walking pace.
Future GWAS should consider walking pace as a continuous
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-0‘2 -0‘.1 0.0
MR leave-one-out sensitivity analysis for
"Non-cancer illness code, seff-reported: hypothyroidism/myxoedema || id:ukb-b-19732 on 'Usual walking pace || id-ukb-b-4711"
FIGURE 6
The result of the leave-one-out sensitivity analysis of hypothyroidism and walking pace.

Outcomes Methods SNPs OR (95% Cl) P
Low hand grip strength  IVW 6 099 (0.96to 1.03) 0.699
MR Egger 6 1.00 (0.83 to 1.20) 0.996

=X

Weighted median 6

P<0.05 was considered statistically significant 018

1.00 (0.99 to 1.00) 0.16
1
14

1
Weighted median 6 H:—‘ 0.99 (0.96 to 1.04) 0.959
ALM VW 5 = 0.99 (0.9810 1.01) 0457
MR Egger 5 - 1.00 (0.9 to 1.01) 0.616
Weighted median 5 —_—— 1.02 (0.96 to 1.08) 0.663

|
Walking pace VW 6 ° 1.00 (0.99 to 1.00) 0.041
MR Egger 6 + 1.00 (0.98 to 1.02) 0.767

.

I

1

N
N

FIGURE 7
MR analysis of association between subclinical hyperthyroidism and sarcopenia-related features. ALM, appendicular lean mass; IVW, inverse-variance
weighted; SNPs, single nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval.
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FIGURE 8

The result of the leave-one-out sensitivity analysis of subclinical hyperthyroidism and walking pace.

Outcomes Methods SNPs
Low hand grip strength IVW 8

MR Egger 8

Weighted median 8
ALM vw 7

MR Egger 7

Weighted median 7
Walking pace VW 8

MR Egger 8

Weighted median 8
P<0.05 was considered statistically significant

FIGURE 9

OR (95% CI) P

0.97 (0.93 to 1.00) 0.068
0.93(0.79t0 1.09) 0408
0.97 (0.93 to 1.00) 0.117

0.99 (0.95 to 1.02)
0.97 (0.82to 1.14)
1.00 (0.99 to 1.02)

0.532
0.721
0.554

1.00 (0.99 to 1.01)
0.99 (0.96 to 1.03)
1.00 (1.00 to 1.01)

0.463
0.736
0.468

0.6

T
08

1
12

-y

MR analysis of association between subclinical hypothyroidism and sarcopenia-related features. ALM, appendicular lean mass; IVW, inverse-variance
weighted; SNPs, single nucleotide polymorphisms; OR, odds ratio; Cl, confidence interval.

variable or use internationally recognized standards like 0.8 m/s to
create a binary variable (39). Furthermore, the GWAS data were
exclusively from European populations, limiting the applicability to
other ethnic groups. Further research is needed with GWAS data
from diverse populations of other ethnic groups to explore potential
genetic background differences.

In conclusion, this study reveals that hyperthyroidism,
hypothyroidism, and subclinical hyperthyroidism may be genetic
risk factors for sarcopenia. Recognizing the correlation between
thyroid dysfunction and sarcopenia in clinical assessments is crucial
for preventing and managing sarcopenia effectively. Integrating
thyroid function evaluation into routine sarcopenia screening
could enhance early detection and intervention strategies.

Frontiers in Endocrinology

08

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and accession
number(s) can be found in the article/Supplementary Material.

Author contributions

JW: Writing - review & editing, Writing - original draft,
Software, Data curation. SH: Writing - review & editing,
Investigation. PH: Writing - review & editing, Software, Data
curation. GW: Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fendo.2024.1378757
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Wei et al.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Acknowledgments

Thank you to everyone who assisted in the completion of the
study and the referenced studies or consortiums are gratefully
acknowledged by the authors for contributing open-access
datasets for the analysis.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Sayer AA, Cruz-Jentoft A. Sarcopenia definition, diagnosis and treatment:
consensus is growing. Age Ageing. (2022) 51:afac220. doi: 10.1093/ageing/afac220

2. Yuan S, Larsson SC. Epidemiology of sarcopenia: Prevalence, risk factors, and
consequences. Metabolism. (2023) 144:155533. doi: 10.1016/j.metabol.2023.155533

3. Norman K, Otten L. Financial impact of sarcopenia or low muscle mass-A short
review. Clin Nutr. (2019) 38:1489-95. doi: 10.1016/j.cInu.2018.09.026

4. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Landi F, et al.
Sarcopenia: European consensus on definition and diagnosis: Report of the European
Working Group on Sarcopenia in Older People. Age Ageing. (2010) 39:412-23.
doi: 10.1093/ageing/afq034

5. Cruz-Jentoft AJ, Sayer AA. Sarcopenia. Lancet. (2019) 393:2636-46. doi: 10.1016/
S0140-6736(19)31138-9

6. Salvatore D, Simonides WS, Dentice M, Zavacki AM, Larsen PR. Thyroid
hormones and skeletal muscle—new insights and potential implications. Nat Rev
Endocrinol. (2014) 10:206-14. doi: 10.1038/nrendo.2013.238

7. Kramer IF, Snijders T, Smeets JSJ, Leenders M, van Kranenburg J, den Hoed M,
et al. Extensive type II muscle fiber atrophy in elderly female hip fracture patients. J
Gerontol Ser A: Biomed Sci Med Sci. (2017) 72:1369-75. doi: 10.1093/gerona/glw253

8. Szlejf C, Suemoto CK, Janovsky CCPS, Barreto SM, Diniz MFHS, Lotufo PA, et al.
Thyroid function and sarcopenia: results from the ELSA-Brasil study. ] Am Geriatr Soc.
(2020) 68:1545-53. doi: 10.1111/jgs.16416

9. Zhou H-Y, Deng S-S, Wei S-Y, Lai L-H. Effects of effective antithyroid therapy on
adiposity and skeletal muscle in patients with hyperthyroidism across gender and age
groups. Eur Rev Med Pharmacol Sci. (2023) 27(13):6170-5. doi: 10.26355/
eurrev_202307_32973

10. Tawfik I, Gottschalk B, Jarc A, Bresilla D, Rost R, Obermayer-Pietsch B, et al. T3-
induced enhancement of mitochondrial Ca2+ uptake as a boost for mitochondrial
metabolism. Free Radical Biol Med. (2022) 181:197-208. doi: 10.1016/
j.freeradbiomed.2022.01.024

11. Ambrosio R, De Stefano MA, Di Girolamo D, Salvatore D. Thyroid hormone
signaling and deiodinase actions in muscle stem/progenitor cells. Mol Cell Endocrinol.
(2017) 459:79-83. doi: 10.1016/j.mce.2017.06.014

12. Davies NM, Holmes MV, Smith GD. Reading Mendelian randomisation studies:
a guide, glossary, and checklist for clinicians. bmj. (2018) 362:k601. doi: 10.1136/
bmj.k601

13. Burgess S, Small DS, Thompson SG. [amp]]ldquo;A review of instrumental
variable estimators for Mendelian randomization. Stat Methods Med Res. (2017)
26:2333-55. doi: 10.1177/0962280215597579

14. Skrivankova VW, Richmond RC, Woolf BAR, Yarmolinsky ], Davies NM,
Swanson SA, et al. Strengthening the reporting of observational studies in
epidemiology using Mendelian randomization: the STROBE-MR statement. Jama.
(2021) 326:16. doi: 10.1001/jama.2021.18236

15. Teumer A, Chaker L, Groeneweg S, Li Y, Di Munno C, Barbieri C, et al. Genome-
wide analyses identify a role for SLC17A4 and AADAT in thyroid hormone regulation.
Nat Commun. (2018) 9:4455. doi: 10.1038/s41467-018-06356-1

Frontiers in Endocrinology

10.3389/fendo.2024.1378757

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fendo.2024.
1378757/full#supplementary-material

16. Jones G, Trajanoska K, Santanasto AJ, Stringa N, Kuo C-L, Atkins JL, et al.
Genome-wide meta-analysis of muscle weakness identifies 15 susceptibility loci in older
men and women. Nat Commun. (2021) 12:654. doi: 10.1038/s41467-021-20918-w

17. Pei Y-F, Liu Y-Z, Yang X-L, Zhang H, Feng G-J, Wei X-T, et al. The genetic
architecture of appendicular lean mass characterized by association analysis in the UK
Biobank study. Commun Biol. (2020) 3:608. doi: 10.1038/s42003-020-01334-0

18. Burgess S, Butterworth A, Thompson SG. Mendelian randomization analysis
with multiple genetic variants using summarized data. Genet Epidemiol. (2013) 37:658—
65. doi: 10.1002/gepi.21758

19. Burgess S, Thompson SGCRP CHD. Genetics Collaboration. Avoiding bias from
weak instruments in Mendelian randomization studies. Int ] Epidemiol. (2011) 40:755—
64. doi: 10.1093/ije/dyr036

20. Lin Z, Deng Y, Pan W. Combining the strengths of inverse-variance weighting
and Egger regression in Mendelian randomization using a mixture of regressions
model. PloS Genet. (2021) 17:€1009922. doi: 10.1371/journal.pgen.1009922

21. Bowden J, Smith GD, Haycock PC, Burgess S. Consistent estimation in
Mendelian randomization with some invalid instruments using a weighted median
estimator. Genet Epidemiol. (2016) 40:304-14. doi: 10.1002/gepi.21965

22. Bowden ], Smith GD, Burgess S. Mendelian randomization with invalid
instruments: effect estimation and bias detection through Egger regression. Int |
Epidemiol. (2015) 44:512-25. doi: 10.1093/ije/dyv080

23. Verbanck M, Chen C-Y, Neale B, Do R. Detection of widespread horizontal
pleiotropy in causal relationships inferred from Mendelian randomization between
complex traits and diseases. Nat Genet. (2018) 50:693-8. doi: 10.1038/s41588-018-
0099-7

24. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al.
2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to
reduce cardiovascular risk. Atherosclerosis. (2019) 290:140-2055. doi: 10.1016/
j.atherosclerosis.2019.08.014

25. De Stefano MA, Ambrosio R, Porcelli T, Orlandino G, Salvatore D, Luongo C.
Thyroid hormone action in muscle atrophy. Metabolites. (2021) 11:730. doi: 10.3390/
metabo11110730

26. Ogawa-Wong A, Carmody C, Le K, Marschner RA, Larsen PR, Zavacki AM.
Modulation of deiodinase types 2 and 3 during skeletal muscle regeneration.
Metabolites. (2022) 12:612. doi: 10.3390/metabo12070612

27. Mayerl S, Schmidt M, Doycheva D, Darras VM, Hiittner SS, Boelen A, et al.
Thyroid hormone transporters MCT8 and OATP1C1 control skeletal muscle
regeneration. Sterm Cell Rep. (2018) 10:1959-74. doi: 10.1016/j.stemcr.2018.03.021

28. Feldt-Rasmussen U, Effraimidis G, Klose M. The hypothalamus-pituitary-
thyroid (HPT)-axis and its role in physiology and pathophysiology of other
hypothalamus-pituitary functions. Mol Cell Endocrinol. (2021) 525:111173.
doi: 10.1016/j.mce.2021.111173

29. Larsen PR, Zavacki AM. Role of the iodothyronine deiodinases in the physiology

and pathophysiology of thyroid hormone action. Eur Thyroid J. (2013) 1:232-42.
doi: 10.1159/000343922

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1378757/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1378757/full#supplementary-material
https://doi.org/10.1093/ageing/afac220
https://doi.org/10.1016/j.metabol.2023.155533
https://doi.org/10.1016/j.clnu.2018.09.026
https://doi.org/10.1093/ageing/afq034
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1016/S0140-6736(19)31138-9
https://doi.org/10.1038/nrendo.2013.238
https://doi.org/10.1093/gerona/glw253
https://doi.org/10.1111/jgs.16416
https://doi.org/10.26355/eurrev_202307_32973
https://doi.org/10.26355/eurrev_202307_32973
https://doi.org/10.1016/j.freeradbiomed.2022.01.024
https://doi.org/10.1016/j.freeradbiomed.2022.01.024
https://doi.org/10.1016/j.mce.2017.06.014
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1136/bmj.k601
https://doi.org/10.1177/0962280215597579
https://doi.org/10.1001/jama.2021.18236
https://doi.org/10.1038/s41467-018-06356-1
https://doi.org/10.1038/s41467-021-20918-w
https://doi.org/10.1038/s42003-020-01334-0
https://doi.org/10.1002/gepi.21758
https://doi.org/10.1093/ije/dyr036
https://doi.org/10.1371/journal.pgen.1009922
https://doi.org/10.1002/gepi.21965
https://doi.org/10.1093/ije/dyv080
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1038/s41588-018-0099-7
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.1016/j.atherosclerosis.2019.08.014
https://doi.org/10.3390/metabo11110730
https://doi.org/10.3390/metabo11110730
https://doi.org/10.3390/metabo12070612
https://doi.org/10.1016/j.stemcr.2018.03.021
https://doi.org/10.1016/j.mce.2021.111173
https://doi.org/10.1159/000343922
https://doi.org/10.3389/fendo.2024.1378757
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

30. Bohannon RW. Muscle strength: clinical and prognostic value of hand-grip
dynamometry. Curr Opin Clin Nutr Metab Care. (2015) 18:465-70. doi: 10.1097/
MCO0.0000000000000202

31. Chen L-K, Liu L-K, Woo J, Assantachai P, Auyeung T-W, Bahyah KS, et al.
Sarcopenia in Asia: consensus report of the Asian Working Group for Sarcopenia. ] Am
Med Directors Assoc. (2014) 15:95-101. doi: 10.1016/j.jamda.2013.11.025

32. Brennan MD, Powell C, Kaufman KR, Sun PC, Bahn RS, Nair KS. The impact of
overt and subclinical hyperthyroidism on skeletal muscle. Thyroid. (2006) 16:375-80.
doi: 10.1089/thy.2006.16.375

33. Spira D, Buchmann N, Demuth I, Steinhagen-Thiessen E, Volzke H, Ittermann T.
Association of thyroid function with handgrip strength: data from the study of health in
pomerania and the berlin aging study ii. Thyroid. (2019) 29:1220-6. doi: 10.1089/thy.2018.0646

34. Kim B-J, Lee SH, Isales CM, Hamrick MW, Kwak MK, Koh J-M. Association of
serum TSH with handgrip strength in community-dwelling euthyroid elderly. J Clin
Endocrinol Metab. (2018) 103:3986-92. doi: 10.1210/jc.2018-01095

35. Moon MK, Lee YJ, Choi SH, Lim S, Yang EJ, Lim J-Y, et al. Subclinical
hypothyroidism has little influences on muscle mass or strength in elderly people. ]
Korean Med Sci. (2010) 25:1176-81. doi: 10.3346/jkms.2010.25.8.1176

36. Guan B, Luo J, Huang X, Tian F, Sun S, Ma Y, et al. Association between thyroid
hormone levels and frailty in the community-dwelling oldest-old: a cross-sectional
study. Chin Med J. (2022) 135:1962-8. doi: 10.1097/CM9.0000000000002208

37. Virgini VS, Rodondi N, Cawthon PM, Harrison SL, Hoffman AR, Orwoll ES,
et al. Subclinical thyroid dysfunction and frailty among older men. J Clin Endocrinol
Metab. (2015) 100:4524-32. doi: 10.1210/jc.2015-3191

38. Zhang L, Tu Y-Y, Zhao Z, Jin ], Tao J, Zhang X-Y. Lower serum FT3 within the
reference range is associated with mortality for older adults over 80 years of age with
sarcopenia. BMC Geriatr. (2023) 23:77. doi: 10.1186/s12877-023-03783-8

39. Cruz-Jentoft AJ, Bahat G, Bauer ], Boirie Y, Bruyere O, Cederholm T, et al.

Sarcopenia: revised European consensus on definition and diagnosis. Age Ageing.
(2019) 48:16-31. doi: 10.1093/ageing/afy169


https://doi.org/10.1097/MCO.0000000000000202
https://doi.org/10.1097/MCO.0000000000000202
https://doi.org/10.1016/j.jamda.2013.11.025
https://doi.org/10.1089/thy.2006.16.375
https://doi.org/10.1089/thy.2018.0646
https://doi.org/10.1210/jc.2018-01095
https://doi.org/10.3346/jkms.2010.25.8.1176
https://doi.org/10.1097/CM9.0000000000002208
https://doi.org/10.1210/jc.2015-3191
https://doi.org/10.1186/s12877-023-03783-8
https://doi.org/10.1093/ageing/afy169

	Thyroid dysfunction and sarcopenia: a two-sample Mendelian randomization study
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Data sources
	2.3 Choice of instrumental variables
	2.4 Mendelian randomization analysis

	3 Results
	3.1 Instrumental variables
	3.2 MR analysis of hyperthyroidism and sarcopenia-related features
	3.3 MR analysis of hypothyroidism and sarcopenia-related features
	3.4 MR analysis of subclinical hyperthyroidism and sarcopenia-related features
	3.5 MR analysis of subclinical hypothyroidism and sarcopenia-related features

	4 Discussion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


