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Abstract. 
Background. As skeletal muscle is one of main targets of thyroid hormone signalling, an association of thyroid function and muscle strength could be expected. The aim of study is to evaluate the association of free thyroxine (FT4) and thyrotropin (TSH) with upper limb muscle strength, measured by hand grip strength, in subjects with normal FT4 from national representative data. The study utilized the sixth edition of the Korea National Health and Nutrition Examination Survey. After exclusion of subjects with FT4 level out of normal range, a history of thyroid disease or cerebral disease, restricted activity, and incomplete data, a total of 3503 were recruited (age range 19–80 years, 51% male). FT4 positively correlated with upper limb muscle strength (β coefficient = −12.84, ), while TSH did negatively (β coefficient = −0.37, ). After adjusting for confounding factors, statistical significance disappeared. However, among subjects with BMI above 23 kg/m2, a negative correlation of TSH with upper limb muscle strength was found in a younger age group (19–39 years old) (β coefficient = −0.56, ), while FT4 positively correlated with upper limb muscle strength (β coefficient = 3.24, ) in an older group (above 40 years old). In overweight and obese subjects, a significant association of thyroid function with upper limb muscle strength was observed in nation-wide representative data. High TSH in a younger group and low FT4 in an older group could be risk factors for decreased upper limb muscle strength in obese population.

1. Introduction
Thyroid hormone is essential for normal skeletal muscle development, contractile function, metabolism, and regeneration [1]. Specifically, thyroid hormone regulates normal distribution and changes of fiber types, so-called skeletal plasticity [2–4]. It also exerts important influence on metabolism of skeletal muscle [5, 6] and intracellular calcium regulatory proteins [7]. In addition, thyroid hormone is a fundamental component for myogenesis [8]. Thus, muscular dysfunction could be expected in thyroid dysfunctions. In fact, in both hypothyroidism and hyperthyroidism, muscular symptoms and alterations and dysfunctions of muscle are frequently observed [9–13]. Though several reports failed to present the skeletal muscle abnormalities, an association of subclinical thyroid dysfunctions and muscle dysfunction was also suggested [14, 15]. Even in non-thyroid illness syndrome, a subtle change in thyroid hormone homeostasis represented by a decrease in serum thyroid hormone without subsequent thyrotropin (TSH) increase related acute or chronic illness, alteration in muscle function was suggested in various ways [16]. However, there are only sparse studies [17] which evaluated association serum free thyroxine and TSH with muscle strength in subjects without overt thyroid diseases. Whether subtle changes in thyroid function could cause differences in muscle strength has not been determined yet.
Handgrip strength (HGS) is widely used to assess muscle strength HGS [18]. HGS quantified the maximum static force generated by the hand grip around a dynamometer. It has been used as a reliable marker of overall muscle strength [18, 19]. Muscle strength along with muscle mass and physical performance is a crucial component to define sarcopenia [20]. In addition, muscle strength is associated with physical function, general health, and nutritional status as well as muscle mass [18]. Low HGS, representing weakened muscle strength and low muscle mass, has been suggested to be predictive factor of adverse health outcomes such as physical dysfunction, poor quality of life, and mortality [20]. As HGS possesses importance as a representative of health status and a predictor for health outcomes, evaluation of clinical elements that might lead or link to low HGS could arouse clinicians’ interests. In this context, it would be intriguing to evaluate whether thyroid function (specifically, free thyroxine (FT4) and TSH) in subjects without overt thyroid dysfunctions is related to muscle strength or not.
The aim of the study is to evaluate the association of thyroid function and HGS in subjects without overt thyroid diseases from a national representative data.
2. Materials and Methods
2.1. Study Population and Data Collection
This study was a retrospective study based on data from the sixth edition of the Korea National Health and Nutrition Examination Survey (KNHANES) conducted between 2014 and 2015. The survey has been performed by trained interviewers on an annual basis for monitoring the health and nutritional status of Koreans. This study complied with the ethical standards of the Helsinki Declaration and was approved by the Catholic University of Korea, Catholic Medical Center, Eunpyeong St, Mary’s Hospital Institutional Review Board (IRB approval No. PC19ZISI0154). Written informed consent was exempted due to retrospective review. Initially, there were 22948 adults recruited from KNHANES VI. Among them, individuals were excluded based on the following criteria: age less than 19 years, FT4 level out of normal range (0.89–1.76 ng/dL), a reported history of thyroid disease, restricted activity, history of cerebral disease, and unavailable data for upper limb muscle strength, and urine iodine. After exclusion, a total of 3503 subjects were finally included in this analysis. Among the 3503 subjects, 51.0% were men (n = 1788). The characteristics and HGS measurements of the study subjects are summarized in Table 1. The mean age was 43.8 years (range 19–80 years), 2027 subjects were over age 40 (57.9%), the mean BMI was 23.88 kg/m2 (range 14.65–43.82), the right hand was the most dominant (88.6%), and the mean HGS was 33.39 ± 0.31 kg.
Table 1: Baseline characteristics.
	

	Characteristics	Unweighted sample size (n = 3503)	Weighted sample size (n = 10430802)
	

	Sex (men, %)	1788 (51.0)	5315537 (51.0%)
	Age, years	43.8 ± 14.9 (19–80)	43.7 ± 0.3 (19–80)
	≥40 (n, %)	2027 (57.9)	(57.2)
	<40 (n, %)	1,476 (42.1)	(42.8)
	BMI, kg/m2	23.88 ± 3.60 (14.65–43.82)	23.84 ± 0.07 (14.65–43.82)
	≥23	1981 (56.6)	 
	<23	1522 (43.5)
	Dominant hand	3430
	Right (n, %)	3,040 (88.6)	(88.8)
	Left (n, %)	182 (5.3)	(5.2)
	Both (n, %)	208 (6.1)	(6.0)
	Handgrip strength, kg	33.39 ± 10.31 (8.08–70.57)	35.07 ± 0.20 (8.08–70.57)
	FT4, ng/dL	1.25 ± 0.16 (0.89–1.76)	1.25 ± 0.00
	TSH, uIU/mL	2.61 ± 1.86 (0.01–29.50)	2.59 ± 0.03
	


Values are presented as number (%) or mean ± SD (range). BMI, body mass index (calculated as weight divided by height squared (kg/m2)). FT4, free thyroxine. TSH, thyrotropin.


2.2. Demographic Characteristics and Survey on Status of Health and Nutrition
Demographic data and medical histories were obtained from self-reported questionnaires and personal interviews by trained medical staff. Age, body weight, height, smoking and drinking habits, exercise status, and presence of diabetes were collected. Body mass index (BMI) was calculated as weight divided by height squared (kg/m2). Smoking status was divided into current smokers and non-smokers including ex-smokers. Drinking status was classified as non-to-moderate drinking and heavy drinking (more than 30 g/day of alcohol). Regular exercise was defined as moderate physical activity for at least 2 hours and a half or severe intensity exercise more than an hour and 15 minutes or at least 2 hours and a half for moderate-to-severe intensity (severe exercise 1 min = moderate exercise 2 min). Presence of diabetes was defined as history of diagnosis or taking antidiabetic medication.
2.3. Muscle Function Measurement-HGS
Upper limb muscle strength was measured by handgrip strength because its functional importance in daily activities is well established. HGS was measured using a digital hand dynamometer which measures 5.0–100.0 kg of force (Digital Grip Dynamometer, T. K. K. 540, 1 Takei Scientific Instruments Co., Ltd., Tokyo, Japan). The method for handgrip analysis used in this study has been validated and extensively used in clinical trials [21–23]. Grip strength was measured while subjects were in a standing position. Starting with the dominant hand and alternating, each hand was tested three times. The average HGS value of the dominant hand was used as the final HGS [24] according to consensus from Asian Working Group of Sarcopenia [19]. In the case of ambidextrous subjects, the higher HGS average between the right and left hands was used. A previous analysis of the reference ranges of HGS in the Korean population [24] revealed a positive correlation of BMI with HGS, and peak HGS was reached around the age of 35–39 years. In subgroup analysis, the population was stratified into groups of obese (including overweight) or non-obese and young (19–39 years) or old (≥40 years).
2.4. Measurement of Thyroid Function
All blood samples were collected year-round in the morning after 8 hours of fasting. Blood samples from all subjects were immediately processed, centrifuged, liquated, and sent to the Central Testing Institute in Seoul, Korea, for analysis within 24 hours. FT4 was measured with using an electrochemiluminescence immunoassay, E-TSH kit (Roche Diagnostics, Manheim, Germany), and TSH was measured with E-TSH kit (Roche Diagnostics, Manheim, Germany). The reference for FT4 was 0.81–1.76 ng/mL and that for TSH was 0.35–5.50 mIU/L.
2.5. Statistical Analysis
To provide nationally representative prevalence estimates, statistical procedures were performed to reflect the complex sampling design and sampling weights of the KNHANES VI. The SAS® PROC SURVEY module was used to consider strata, clusters, and weights. Based on the characteristics of the data, the results were expressed as the means ± standard error (SE), geometric means (95% confidence interval [CI]), or percentages, as appropriate. Characteristics of each gender were compared with the chi-square test for dichotomous variables and independent t-tests for continuous variables. Multivariate logistic regression analysis for sex, smoking and drinking status, diabetes, and exercise habits was performed. To determine clinical significance from the analysis, the population was categorized into groups: normal and overweight or obesity (BMI >23 kg/m2), and an age range of 19–39 or >40 years. All statistical analyses were performed using SAS® software, version 9.4. (SAS Institute Inc., Cary, NC, USA). A -value <0.05 was considered statistically significant.
3. Results
In the linear regression with univariate analysis, FT4 positively correlated with upper limb muscle strength (β coefficient = −12.84, ), while TSH demonstrated a significantly negative correlation (β coefficient = −0.37, ) (Figure 1). After adjustment for age, sex, smoking and drinking habits, diabetes, and exercise, there was no significant correlation between HGS and FT4 or TSH (Table 2).
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Figure 1: Univariate linear regression analyses of factors associated with muscle strength. In univariate analysis, free thyroxine (FT4) positively correlated with upper limb muscle strength (β coefficient = −12.84, ), while thyrotropin (TSH) did negatively (β coefficient = −0.37, ).


Table 2: Multivariate regression analyses of factors associated with upper limb muscle strength (weighted).
	

	 	FT4 β (95% CI)	-value	TSH β (95% CI)	-value	LOG_TSH β (95% CI)	-value
	

	Model 1	12.84 (10.42,15.26)	<0.0001	−0.37 (−0.61, −0.14))	0.0018	−0.95 (−1.58, −0.33)	0.0030
	Model 2	0.02 (−1.56, 1.60)	0.9791	−0.03 (−0.17, 0.10)	0.6297	−0.05 (−0.44, 0.35)	0.8087
	Model 3	0.31 (−1.31, 1.93)	0.7108	−0.02 (−0.16, 0.12)	0.7864	−0.05 (−0.47, 0.37)	0.8103
	Model 4	0.27 (−1.35, 1.89)	0.7450	−0.01 (−0.15, 0.13)	0.9054	−0.02 (−0.44, 0.40)	0.9241
	


Model 1: crude. Model 2: adjustment for age, sex, BMI. Model 3: model 2 + smoking, drinking, diabetes. Model 4: model 3 + exercise. CI, confidential interval. FT4, free thyroxine. TSH, thyrotropin.


In the analysis of subjects with BMI <23 kg/m2, there was no significant association between HGS and thyroid function in either age group. However, in the overweight or obese group (BMI ≥23 kg/m2), there was a significant negative correlation between TSH and HGS in the 19–39-year-old group (β coefficient = −0.56, ), and there was a significant positive correlation between FT4 and HGS in the >40-year-old group (β coefficient = -3.24, ) (Table 3). Additional analyses according to quartiles of FT4 and TSH were performed in subjects with BMI ≥23 kg/m2. HGS significantly decreased as quartiles of FT4 increased in the younger age group (). On the other hand, HGS increased as TSH quartiles decreased in subjects aged >40 years, but the difference was not statistically significant () (Table 4).
Table 3: Relation between upper limb muscle strength with thyroid hormone status according to BMI and age.
	

	BMI and age group	FT4 β (95% CI)	-value	TSH β (95% CI)	-value
	

	BMI <23 (n = 1522)	0.54 (−181, 2.89)	0.6515	0.04 (−0.13, 0.21)	0.6450
	Age 19–39 (n = 780)	−0.28 (−3.78, 2.93)	0.8658	−0.04 (−0.29, 0.20)	0.7264
	Age ≥40 (n = 742)	2.52 (−0.82, 5.85)	0.1383	0.10 (−0.12, 0.32)	0.3862
	BMI ≥23 (n = 1981)	0.22 (−0.205, 2.49)	0.8494	−0.03 (−0.22, 0.16)	0.7682
	Age 19–39 (n = 696)	−2.90 (−7.11, 1.30)	0.1750	−0.56 (−1.04, −0.09)	0.0209
	Age ≥40 (n = 1285)	3.24 (0.53, 5.95)	0.0192	0.17 (−0.08, 0.41)	0.1836
	


Corrected by sex, smoking, drinking, diabetes, and exercise. BMI, body mass index (calculated as weight divided by height squared (kg/m2)). CI, confidential interval. FT4, free thyroxine. TSH, thyrotropin.


Table 4: Relation of upper limb muscle strength with quartiles of TSH and FT4 in overweight and obese subjects (BM ≥23 kg/m2).
	

	Age group	TSH	-value	FT4	-value
	Q1	Q2	Q3	Q4	Q1	Q2	Q3	Q4
	

	Age 19–39 (n = 696)	40.88	39.25	39.82	38.41	0.0249	36.42	39.49	38.73	41.86	0.3236
	Age ≥40 (n = 1285)	36.43	36.82	36.09	33.87	0.1533	33.32	35.62	36.61	38.74	0.0513
	


Corrected by sex, smoking, drinking, diabetes, and exercise. BMI, body mass index (calculated as weight divided by height squared (kg/m2)). FT4, free thyroxine. TSH, thyrotropin. TSH (mIU/L), Q1 ≤1.51, 1.51< Q2 ≤2.21, 2.21< Q3 ≤3.17, 3.17 Q4 ≤29.50. FT4 (ng/dL), Q1 ≤1.13, 1.13Q2 ≤1.23, 1.23 < Q3 ≤1.35, 1.35 < Q4 ≤1.76.


4. Discussion
The purpose of this study was to elucidate the relationship of FT4 and TSH with upper limb muscle strength based on the nationwide representative data collected in the 2014–2015 KNHANES VI. The subjects included in this study had serum FT4 levels within normal range; thus, the study population was composed of subjects with normal or relatively subtle changes in thyroid function. Many previous studies have demonstrated a strong relationship between BMI and HGS [23, 25, 26]; thus, further subgroup analysis was performed according to BMI. In addition, considering that a positive correlation between age and HGS at 19–39 years of age and a negative correlation over age 40 have been reported [27], subjects were categorized into two groups based on age (19–39 years and >40 years). Though no significant association was found in the non-obese (underweight and normal BMI) population, a negative correlation of TSH with HGS in younger subjects and a positive correlation of FT4 with HGS in the older subjects were found in the overweight and obese group.
As skeletal muscle is one of the main targets of thyroid hormones, it has been postulated that an alteration in thyroid function would have a significant impact on skeletal muscle physiology and structure. Thyroid hormones are essential for normal skeletal fiber differentiation by transcription of myogenic regulatory factors [28]. They also play a crucial role in the differentiation of muscle fiber types during postnatal development as evidenced by abnormal skeletal muscle fiber expression in the absence of thyroid hormone [3, 4]. Skeletal muscle plasticity, ability to changing muscle fiber types after development, depends on thyroid hormone signalling [2–4]. Thyroid hormones determine muscle energy expenditure by regulating several proteins involved in energy metabolism such as retinol-binding-protein-1, glycogen synthase 1, muscle pyruvate kinase [29, 30], myosin, and sarcoplasmic/endoplasmic reticulum Ca2+-ATPase (SERCA) [3, 7]. They also control other aspects which are important to energy metabolism, such as mitochondrial content and activity in skeletal muscle [5] as well as glucose transporter [6]. Thyroid hormone is involved in myogenesis by virtue of regulating skeletal muscle stem cells [8]. The detailed roles of thyroid hormones in skeletal muscular physiology are well described in the literatures [1, 31]. In addition to the roles of thyroid hormones in skeletal muscle, TSH is also suggested to have a role in muscular metabolism. Though the exact role of TSH in skeletal muscle physiology has not been fully evaluated, the presence of TSH receptors and a functional role of TSH in energy metabolism in skeletal muscle have been presented [32, 33]. Therefore, correlation of muscle strength and thyroid function, which would be represented by thyroid hormone and TSH, could be suspected.
Clinical findings in patients with overt hyper- and hypothyroidism, such as alterations in deep tendon reflex, have suggested an association between thyroid function and skeletal muscle function. There are several studies which have suggested the association between thyroid dysfunction and muscle strength [11–13, 22, 34]. In both overt hypo- and hyperthyroidism, myopathy which results in muscle weakness, aching, and cramping is frequently observed, and those symptoms can be relieved in response to hormone replacement [19, 22]. Olson et al. reported decreased muscle mass and strength in patients with overt hypothyroidism and recovery of myopathy after treatment [12]. Further, additional musculoskeletal manifestations such as adhesive capsulitis, carpal tunnel syndrome, and fibromyalgia syndrome were also frequently detected in patients with thyroid dysfunctions [9]. In subclinical thyroid dysfunctions, no consistent results were found in terms of association with muscular dysfunction. While no clear association of subclinical thyroid dysfunction and muscle strength was observed in some studies [14, 35, 36], other studies reported reduced muscle strength related to subclinical thyroid dysfunctions [13, 15]. Compared to subjects with euthyroidism, the strength of the flexor and extensor muscles was reduced in subjects with hyperthyroidism, and muscle function improved after the restoration of normal thyroid levels even in elderly patients with subclinical hyperthyroidism [37].
The measurement of HGS, which is commonly used to estimate muscle strength, has clinical implications because it is associated with not only health and nutritional status but also various health outcomes [18, 20]. There were significant correlations shown between HGS and gender [38, 39], hand length or forearm circumference [40, 41], various chronic diseases [42], age, and BMI in previous studies. The age at which HGS shows peak is generally around the age of 40 years [45–47], and how HGS changes as a person ages shows very similar patterns among different ethnicities [46, 48]. Positive correlations of HGS with BMI were also observed in various ethnicities [40, 49, 50]. However, most of the parameters, which were known to be correlated with HGS, were anthropometrics.
In this study, we found a significant association of thyroid function with upper limb muscle strength in subjects with BMI ≥23. In this population, different patterns of association were noticed according to age. Specifically, TSH showed a negative correlation with HGS in a younger group, while FT4 showed a positive correlation in an older group. Firstly, a plausible explanation for why the significant association between thyroid function and HGS was found only in overweight or obese population could be made based on cross-talk between thyroid and adipose tissue [51]. In fact, obesity itself has impact on muscle strength and structure [52] and, as shown by the impaired muscle regeneration in obese and diabetic mice [53], the regeneration capability of skeletal muscle would be impaired compared to that in non-obese subjects impaired skeletal muscle regeneration capacity in obese individuals [25]. It has been suggested that skeletal muscle deterioration related to obesity is mediated by the secretion of cytokines by adipose tissue [54] and/or fat infiltration into muscles which induces skeletal lipotoxicity and insulin resistance [55]. Thus, considering the cross-talk between thyroid and adipose tissue, subtle changes in thyroid function in obese subject would potentiate the impact of obesity on muscle. Secondly, the association of thyroid hormone levels and upper limb muscle strength in relation to age, namely, the negative correlation of TSH in younger subjects and the positive correlation of FT4 in older subjects, could be explained mainly by the changes in skeletal muscle during the aging process. As one ages, the changing proportion of muscle fiber types causes alterations in skeletal muscle structure and metabolism [56–58]. The age-related changes of decreased muscle mass and number of fibers were associated with the distribution of muscle fiber denervation leading to the loss of motor units [57]. It could be assumed that changes of aging muscle, in terms of mass and component, would result in different responsiveness to thyroid hormone or TSH. In addition, during aging, while FT4 levels remain stable as a person ages, serum TSH increase is prominent [17] and muscle strength also decreases with age [24, 27]. Thus, the impact of TSH on muscle strength might be attenuated in older subjects.
An advantage of this study is that it is based on data that is representative of the population. In addition, this might be the first study which demonstrates a correlation between HGS and thyroid function according to age and BMI. However, there were several limitations. First, serum T3, which is a crucial regulator of skeletal muscle metabolism and homeostasis, was not measured in the KNHANES VI. Therefore, we could not have investigated the relationship between bioactive thyroid hormone and upper limb muscle strength. Second, although we adjusted for possible confounding factors, we could not adjust for lean body mass or fat-free mass per se. Thus, the correlation between muscle strength and adiposity could have causal interferences. Third, because this study was a cross-sectional study, the complex mechanism between thyroid dysfunction and upper limb muscle strength could not be clarified. Moreover, due to analysing the collected data and using only measurement of upper limb strength, we could not have confirmed the correlation between HGS and overall muscle strength and physical performance, which may be crucial in evaluating muscle function that was not evaluated. Fourth, the subjects were categorized into the two groups (19–39 years and over 40 years) in this study: the older group included young, middle-aged, and old group untypically. However, the average grip strength for age and gender was reported to be in a varying range [59, 60]. Therefore, the age groups were classified according to the Korean reference [24].
5. Conclusions
This study demonstrated a significant association between thyroid function and upper limb muscle strength in overweight and obese subjects. Interestingly, different association patterns were observed between the younger and older age groups. The impacts of thyroid function on upper limb muscle strength might differ between the non-obese and obese population and different mechanisms linking thyroid and muscle function might exist according to age.
Data Availability
The datasets used and analysed during the current study could be made available upon reasonable request to the corresponding author.
Conflicts of Interest
The authors declare that there are no conflicts of interest regarding the publication of this paper.
Acknowledgments
This work was supported by the Basic Research Program through the National Research Foundation of Korea (NRF) funded by the MIST (NRF-2017R1D1A1B03030159).
References
	D. Salvatore, W. S. Simonides, M. Dentice, A. M. Zavacki, and P. R. Larsen, “Thyroid hormones and skeletal muscle-new insights and potential implications,” Nature Reviews Endocrinology, vol. 10, no. 4, pp. 206–214, 2014.
	K. M. Baldwin and F. Haddad, “Effects of different activity and inactivity paradigms on myosin heavy chain gene expression in striated muscle,” Journal of Applied Physiology, vol. 90, no. 1, pp. 345–357, 2001.
	W. S. Simonides and C. van Hardeveld, “Thyroid hormone as a determinant of metabolic and contractile phenotype of skeletal muscle,” Thyroid, vol. 18, no. 2, pp. 205–216, 2008.
	S. Schiaffino and C. Reggiani, “Fiber types in mammalian skeletal muscles,” Physiological Reviews, vol. 91, no. 4, pp. 1447–1531, 2011.
	L. Bahi, A. Garnier, D. Fortin et al., “Differential effects of thyroid hormones on energy metabolism of rat slow and fast-twitch muscles,” Journal of Cellular Physiology, vol. 203, no. 3, pp. 589–598, 2005.
	E. L. Brunetto, S. D. S. Teixeira, G. Giannocco, U. F. Machado, and M. T. Nunes, “T3 Rapidly Increases SLC2A4 Gene expression and GLUT4 trafficking to the plasma membrane in skeletal muscle of rat and improves glucose homeostasis,” Thyroid, vol. 22, no. 1, pp. 70–79, 2012.
	W. S. Simonides, G. A. Brent, M. H. M. Thelen, C. G. van der Linden, P. R. Larsen, and C. van Hardeveld, “Characterization of the promoter of the rat sarcoplasmic endoplasmic reticulum Ca2+-ATPase 1 gene and analysis of thyroid hormone responsiveness,” Journal of Biological Chemistry, vol. 271, no. 50, pp. 32048–32056, 1996.
	R. Ambrosio, M. A. De Stefano, D. Di Girolamo, and D. Salvatore, “Thyroid hormone signaling and deiodinase actions in muscle stem/progenitor cells,” Molecular and Cellular Endocrinology, vol. 459, pp. 79–83, 2017.
	M. Cakir, N. Samanci, N. Balci, and M. K. Balci, “Musculoskeletal manifestations in patients with thyroid disease,” Clinical Endocrinology, vol. 59, no. 2, pp. 162–167, 2003.
	Z. Argov, P. F. Renshaw, B. Boden, A. Winokur, and W. J. Bank, “Effects of thyroid hormones on skeletal muscle bioenergetics. In vivo phosphorus-31 magnetic resonance spectroscopy study of humans and rats,” Journal of Clinical Investigation, vol. 81, no. 6, pp. 1695–1701, 1988.
	A. A. Khaleeli, D. G. Griffith, and R. H. T. Edwards, “The clinical presentation of hypothyroid myopathy and its relationship to abnormalities in structure and function of skeletal muscle,” Clinical Endocrinology, vol. 19, no. 3, pp. 365–376, 1983.
	B. R. Olson, I. Klein, R. Benner, R. Burdett, P. Trzepacz, and G. S. Levey, “Hyperthyroid myopathy and the response to treatment,” Thyroid, vol. 1, no. 2, pp. 137–141, 1991.
	M. D. Brennan, C. Powell, K. R. Kaufman, P. C. Sun, R. S. Bahn, and K. S. Nair, “The impact of overt and subclinical hyperthyroidism on skeletal muscle,” Thyroid, vol. 16, no. 4, pp. 375–380, 2006.
	M. K. Moon, Y. J. Lee, S. H. Choi et al., “Subclinical hypothyroidism has little influences on muscle mass or strength in elderly people,” Journal of Korean Medical Science, vol. 25, no. 8, pp. 1176–1181, 2010.
	I. W. Beyer, R. Karmali, N. Demeester-Mirkine, E. Cogan, and M. J. Fuss, “Muscle dysfunction in subclinical hypothyroidism,” Journal of Clinical Endocrinology & Metabolism, vol. 83, no. 5, p. 1823, 1998.
	F. F. Bloise, A. H. van der Spek, O. V. Surovtseva, T. M. Ortiga-Carvalho, E. Fliers, and A. Boelen, “Differential effects of sepsis and chronic inflammation on diaphragm muscle fiber type, thyroid hormone metabolism, and mitochondrial function,” Thyroid, vol. 26, no. 4, pp. 600–609, 2016.
	W. W. Hofmann and E. H. Denys, “Effects of thyroid hormone at the neuromuscular junction,” American Journal of Physiology-Legacy Content, vol. 223, no. 2, pp. 283–287, 1972.
	R. W. Bohannon, “Muscle strength,” Current Opinion in Clinical Nutrition and Metabolic Care, vol. 18, no. 5, pp. 465–470, 2015.
	L.-K. Chen, L.-K. Liu, J. Woo et al., “Sarcopenia in asia: consensus report of the asian working group for sarcopenia,” Journal of the American Medical Directors Association, vol. 15, no. 2, pp. 95–101, 2014.
	A. J. Cruz-Jentoft, J. P. Baeyens, J. M. Bauer et al., “Sarcopenia: European consensus on definition and diagnosis: report of the European working group on sarcopenia in older people,” Age and Ageing, vol. 39, no. 4, pp. 412–423, 2010.
	T. Rantanen, P. Era, and E. Heikkinen, “Physical activity and the changes in maximal isometric strength in men and women from the age of 75 to 80 years,” Journal of the American Geriatrics Society, vol. 45, no. 12, pp. 1439–1445, 1997.
	F. Celsing, S. H. Westing, U. Adamson, and B. Ekblom, “Muscle strength in hyperthyroid patients before and after medical treatment,” Clinical Physiology, vol. 10, no. 6, pp. 545–550, 1990.
	M. Hulens, G. Vansant, R. Lysens, A. Claessens, E. Muls, and S. Brumagne, “Study of differences in peripheral muscle strength of lean versus obese women: an allometric approach,” International Journal of Obesity, vol. 25, no. 5, pp. 676–681, 2001.
	C. R. Kim, Y. J. Jeon, M. C. Kim, T. Jeong, and W. R. Koo, “Reference values for hand grip strength in the South Korean population,” PLoS One, vol. 13, no. 4, Article ID e0195485, 2018.
	D. Akhmedov and R. Berdeaux, “The effects of obesity on skeletal muscle regeneration,” Frontiers in Physiology, vol. 4, p. 371, 2013.
	M. Hulens, G. Vansant, R. Lysens, A. L. Claessens, and E. Muls, “Assessment of isokinetic muscle strength in women who are obese,” Journal of Orthopaedic & Sports Physical Therapy, vol. 32, no. 7, pp. 347–356, 2002.
	J.-I. Yoo, H. Choi, and Y.-C. Ha, “Mean hand grip strength and cut-off value for sarcopenia in Korean adults using KNHANES VI,” Journal of Korean Medical Science, vol. 32, no. 5, pp. 868–872, 2017.
	G. E. O. Muscat, M. Downes, and D. H. Dowhan, “Regulation of vertebrate muscle differentiation by thyroid hormone: the role of themyo D gene family,” Bioessays, vol. 17, no. 3, pp. 211–218, 1995.
	W. E. Visser, K. A. Heemstra, S. M. A. Swagemakers et al., “Physiological thyroid hormone levels regulate numerous skeletal muscle transcripts,” The Journal of Clinical Endocrinology & Metabolism, vol. 94, no. 9, pp. 3487–3496, 2009.
	K. Clement, N. Viguerie, M. Diehn et al., “In vivo regulation of human skeletal muscle gene expression by thyroid hormone,” Genome Research, vol. 12, no. 2, pp. 281–291, 2002.
	F. F. Bloise, A. Cordeiro, and T. M. Ortiga-Carvalho, “Role of thyroid hormone in skeletal muscle physiology,” Journal of Endocrinology, vol. 236, no. 1, pp. R57–R68, 2018.
	M. K. Moon, G. H. Kang, H. H. Kim et al., “Thyroid-stimulating hormone improves insulin sensitivity in skeletal muscle cells via cAMP/PKA/CREB pathway-dependent upregulation of insulin receptor substrate-1 expression,” Molecular and Cellular Endocrinology, vol. 436, pp. 50–58, 2016.
	J. H. Ohn, S. K. Han, D. J. Park, K. S. Park, and Y. J. Park, “Expression of thyroid stimulating hormone receptor mRNA in mouse C2C12 skeletal muscle cells,” Endocrinology and Metabolism, vol. 28, no. 2, pp. 119–124, 2013.
	R. F. Duyff, J. Van den Bosch, D. M. Laman, B.-J. P. Van Loon, and W. H. Linssen, “Neuromuscular findings in thyroid dysfunction: a prospective clinical and electrodiagnostic study,” Journal of Neurology, Neurosurgery & Psychiatry, vol. 68, no. 6, pp. 750–755, 2000.
	R. T. De Jongh, P. Lips, N. M. Van Schoor et al., “Endogenous subclinical thyroid disorders, physical and cognitive function, depression, and mortality in older individuals,” European Journal of Endocrinology, vol. 165, no. 4, pp. 545–554, 2011.
	V. S. Virgini, N. Rodondi, P. M. Cawthon et al., “Subclinical thyroid dysfunction and frailty among older men,” The Journal of Clinical Endocrinology & Metabolism, vol. 100, no. 12, pp. 4524–4532, 2015.
	A. W. Van Den Beld, T. J. Visser, R. A. Feelders, D. E. Grobbee, and S. W. J. Lamberts, “Thyroid hormone concentrations, disease, physical function, and mortality in elderly men,” The Journal of Clinical Endocrinology & Metabolism, vol. 90, no. 12, pp. 6403–6409, 2005.
	D. Gallagher, M. Visser, D. Sepulveda, R. N. Pierson, T. Harris, and S. B. Heymsfield, “How useful is body mass index for comparison of body fatness across age, sex, and ethnic groups?” American Journal of Epidemiology, vol. 143, no. 3, pp. 228–239, 1996.
	P. Deurenberg, J. A. Weststrate, and J. C. Seidell, “Body mass index as a measure of body fatness: age- and sex-specific prediction formulas,” British Journal of Nutrition, vol. 65, no. 2, pp. 105–114, 1991.
	K. A. Alahmari, S. P. Silvian, R. S. Reddy, V. N. Kakaraparthi, I. Ahmad, and M. M. Alam, “Hand grip strength determination for healthy males in Saudi Arabia: a study of the relationship with age, body mass index, hand length and forearm circumference using a hand-held dynamometer,” Journal of International Medical Research, vol. 45, no. 2, pp. 540–548, 2017.
	A. Wichelhaus, C. Harms, J. Neumann et al., “Parameters influencing hand grip strength measured with the manugraphy system,” BMC Musculoskelet Disord, vol. 19, no. 1, p. 54, 2018.
	A. M. Yorke, A. B. Curtis, M. Shoemaker, and E. Vangsnes, “Grip strength values stratified by age, gender, and chronic disease status in adults aged 50 years and older,” Journal of Geriatric Physical Therapy, vol. 38, no. 3, pp. 115–121, 2015.
	B. Chandrasekaran, A. Ghosh, C. Prasad, K. Krishnan, and B. Chandrasharma, “Age and anthropometric traits predict handgrip strength in healthy normals,” Journal of Hand and Microsurgery, vol. 2, no. 2, pp. 58–61, 2010.
	R. W. Bohannon, “Hand-grip dynamometry predicts future outcomes in aging adults,” Journal of Geriatric Physical Therapy, vol. 31, no. 1, pp. 3–10, 2008.
	S. L. Wong, “Grip strength reference values for Canadians aged 6 to 79: Canadian health measures survey, 2007 to 2013,” Public Health Reports, vol. 27, no. 10, pp. 3–10, 2016.
	N. M. Massy-Westropp, T. K. Gill, A. W. Taylor, R. W. Bohannon, and C. L. Hill, “Hand Grip Strength: age and gender stratified normative data in a population-based study,” BMC Research Notes, vol. 4, p. 127, 2011.
	C. M. Günther, A. Bürger, M. Rickert, A. Crispin, and C. U. Schulz, “Grip strength in healthy caucasian adults: reference values,” The Journal of Hand Surgery, vol. 33, no. 4, pp. 558–565, 2008.
	D. P. Leong, K. K. Teo, S. Rangarajan et al., “Reference ranges of handgrip strength from 125,462 healthy adults in 21 countries: a prospective urban rural epidemiologic (PURE) study,” Journal of Cachexia, Sarcopenia and Muscle, vol. 7, no. 5, pp. 535–546, 2016.
	S. Koley and A. Singh Pal, “An association of dominant hand grip strength with some anthropometric variables in Indian collegiate population,” Anthropologischer Anzeiger, vol. 67, no. 1, pp. 21–28, 2009.
	H. L. Ong, E. Abdin, B. Y. Chua et al., “Hand-grip strength among older adults in Singapore: a comparison with international norms and associative factors,” BMC Geriatrics, vol. 17, no. 1, p. 176, 2017.
	F. Santini, P. Marzullo, M. Rotondi et al., “Mechanisms in endocrinology: the crosstalk between thyroid gland and adipose tissue: signal integration in health and disease,” European Journal of Endocrinology, vol. 171, no. 4, pp. R137–R152, 2014.
	D. J. Tomlinson, R. M. Erskine, C. I. Morse, K. Winwood, and G. Onambélé-Pearson, “The impact of obesity on skeletal muscle strength and structure through adolescence to old age,” Biogerontology, vol. 17, no. 3, pp. 467–483, 2016.
	M.-H. Nguyen, M. Cheng, and T. J. Koh, “Impaired muscle regeneration in ob/ob and db/db mice,” The Scientific World Journal, vol. 11, pp. 1525–1535, 2011.
	M. Visser, M. Pahor, D. R. Taaffe et al., “Relationship of interleukin-6 and tumor necrosis factor- with muscle mass and muscle strength in elderly men and women: the health ABC study,” The Journals of Gerontology Series A: Biological Sciences and Medical Sciences, vol. 57, no. 5, pp. M326–M332, 2002.
	G. Jia and J. R. Sowers, “Increased fibro-adipogenic progenitors and intramyocellular lipid accumulation in obesity-related skeletal muscle dysfunction,” Diabetes, vol. 68, no. 1, pp. 18–20, 2019.
	J. Lexell, C. C. Taylor, and M. Sjostrom, “What is the cause of the ageing atrophy? Total number, size and proportion of different fiber types studied in whole vastus lateralis muscle from 15- to 83-year-old men,” Journal of the Neurological Sciences, vol. 84, no. 2-3, pp. 275–294, 1988.
	J. G. Ryall, J. D. Schertzer, and G. S. Lynch, “Cellular and molecular mechanisms underlying age-related skeletal muscle wasting and weakness,” Biogerontology, vol. 9, no. 4, pp. 213–228, 2008.
	J. A. Faulkner, L. M. Larkin, D. R. Claflin, and S. V. Brooks, “Age-related changes in the structure and function of skeletal muscles,” Clinical and Experimental Pharmacology and Physiology, vol. 34, no. 11, pp. 1091–1096, 2007.
	R. M. Dodds, H. E. Syddall, R. Cooper, D. Kuh, C. Cooper, and A. A. Sayer, “Global variation in grip strength: a systematic review and meta-analysis of normative data,” Age and Ageing, vol. 45, no. 2, pp. 209–216, 2016.
	A. M. Briggs, M. J. Cross, D. G. Hoy et al., “Musculoskeletal health conditions represent a global threat to healthy aging: a report for the 2015 world health organization world report on ageing and health,” The Gerontologist, vol. 56, no. Suppl 2, pp. S243–S255, 2016.


EPUB/Navigation/nav.xhtml


		

			

		  1. Introduction

		  2. Materials and Methods

		  3. Results

		  4. Discussion

		  5. Conclusions

		  References 





EPUB/Content/page-template.xpgt
 

   


     
	 
    

     
	 
    


     
	 
    


     
         
             
             
             
        
    

  




