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Abstract

:

Background. The current literature does not furnish clear data concerning the relationship between thyroid function, sedentary time and daily physical activity (PA) in older adults with euthyroid condition. The aim of this study was to investigate the association of serum Thyrotropin-Stimulating Hormone (TSH), free Triiodothyronine (fT3) and free Thyroxine (fT4) with sedentary time and PA in a cohort of nonagenarians. Methods. A total of 108 nonagenarians (92.8 ± 3.2 years), participating in the Mugello Study, and with complete data on thyroid function, sedentary time, PA and sleeping (objectively collected through a multisensory device), were considered for the analysis. Results. Mainly, TSH negatively correlated with time spent lying down, and positively correlated with METs. fT4 levels were negatively associated with mean daily metabolic equivalents (METs) and with low-intensity PA practice (LIPAT), and positively associated with lying down and sleeping time. Similar results have been shown in the female sample. Mainly, participants with high-normal (third tertile) versus low-normal TSH (first tertile) had higher moderate-intensity PA (MIPAT) (p = 0.03). In the female sample, first TSH tertile had higher METs (p = 0.010), LIPAT (p = 0.02), MIPAT (p = 0.01) and lower time lying down (p = 0.04) than third TSH tertile. Conclusion. High-normal serum TSH and low-normal fT4 are associated with higher levels and intensity of daily PA, together with higher MIPAT continuity, in the oldest-old.
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1. Introduction


Human aging represents a challenge for the normal function of the hypothalamic-pituitary-thyroid (HPT) axis [1]. The interaction between thyroid function and aging has been examined in a recent review [2] and reported data are somewhat conflicting. Indeed, notwithstanding, some studies have reported a decrease in serum Thyrotropin-Stimulating Hormone (TSH) with aging [3,4], others have shown no change in TSH levels related to aging [5,6]. However, the majority of studies revealed that serum TSH gradually increases with age [7,8]. The same uncertainty also pertains to thyroid hormones, which have been shown to decrease simultaneously or to behave separately, with a decline in free Triiodothyronine (fT3) [9,10,11] and an increase in free Thyroxine (fT4) [3,12,13]. An increase in serum reverse T3 concentrations with age, partially independent from non-thyroidal illness, has also been reported [14]. The described changes have been interpreted as an adaptive response to energy resources and demands [15].



Relatively recent data demonstrated that thyroid function variations, even within the euthyroid reference range, may be associated with adverse health outcomes in older adults, including all-cause mortality [16,17]. Once again, data are conflicting: increased all-cause mortality has been associated with an increase [18,19] or decrease [17,20,21] in TSH levels, as well as an increase [7,16,18,22,23,24], or decrease [25] in fT4 values. Inconsistency of data can be, at least partially, explained by the selection of patients; indeed, different age, sex ratio, hospitalized vs. home-living, and inclusion or exclusion of patients with non-thyroidal illness have to be considered.



In the search of parameters of thyroid function correlated with healthy aging, of particular interest, in our opinion, is the observation that low-normal TSH levels have been associated with an increased risk of frailty [26] and hip-fracture in euthyroid women, but not in men, aged 65 years and more [27]. Contrarily, low-normal fT4 has been associated with better mobility, physical function and higher handgrip strength [28,29,30], while fT3 levels have been reported to correlate positively with physical performance scores in older euthyroid individuals [31].



These findings suggest that thyroid function variations, even within the normal range, may influence the quantity and quality of daily physical activity (PA) in older people as an adaptive response of bodily functions to maintain/favor their health. Indeed, functional mobility, fitness level and a more favorable fatigue profile also sustain PA practice in later life in a virtuous circle extending lifespan and reducing the risk of disability [28,32,33]. In our hypothesis, coupled with the variation in thyroid functions, within the normal range, there is the variation in PA and sedentary time to maintain bodily homeostasis and health according to the increase or decrease in thyroid functions. However, limited data are available on the relationship between thyroid function, daily PA and sedentary behavior patterns in older adults, especially in the oldest old, when PA is not influenced by family and occupational duties, but also when the health problems, linked with aging, and occupational life, may negatively affect daily movements.



Therefore, in the present study, we investigated whether serum TSH and fT4 were associated with sedentary time and daily PA, while also considering the dimensions of the latter (i.e., intensity, duration, frequency and volume) in a cohort of self-sufficient and non-hospitalized nonagenarians enrolled in the frame of an epidemiological study conducted in the Mugello area, Tuscany, Italy.




2. Materials and Methods


2.1. Study Population


The analysis presented in this paper is based upon data from the Mugello Study, a survey on nonagenarians living in the Mugello area, north-eastward of Florence, in Tuscany, Italy, whose detailed description is reported elsewhere [34].



Briefly, 470 (130M, 340F) non-selected nonagenarians living in the Mugello area underwent a structured interview and medical visit conducted by a trained physician at their residence, along with a series of physical, performance and instrumental assessments. The latter was aimed to characterize body composition, cardiovascular health, daily physical activity, sleep and strength of participants [34]. Blood samples were collected one week later by a nurse to perform routine lab tests and to create a biologic bank with serum and plasma aliquots. The “The Mugello Study: a lesson from older persons aged 90 years and over”, which complied with the principles of the Declaration of Helsinki on clinical research involving humans, was approved by the Ethics Committee of IRCCS Fondazione Don Carlo Gnocchi, ONLUS, Milano, Italia on 15 December 2010, and the participants, or their legal representative, signed the informed consent form to be included in the study, and to undergo blood withdrawal. Of the 470 nonagenarians, 108 (27M, 81F) were selected to be included in this study, as they were free from cognitive disabilities, previously diagnosed or clinically evident endocrine diseases, pharmacological treatments concerning and/or affecting thyroid function, and from any other disease negatively affecting daily movement. Selected participants were independent in all of the activities of daily living (ADL). Frequencies of diseases affecting participants are shown in Table 1.




2.2. Anthropometric Measures


Weight, height, ulna length, lower limb length, abdominal and hip circumference, as well as maximal relaxed arm, thigh and leg circumference, were measured following the guidelines of the International Society for the Advancement of Kinanthropometry [35].



Body composition was assessed by using a body impedance assessment (BIA) (EFG, Akern, Italy). Fat mass index (FMI), free-fat mass index (FFMI) and muscle mass index (MMI) were calculated according to the following formulas: FMI = kg of fat mass/stature (m)2; FFMI = kg of free-fat mass/stature (m)2; MMI = kg of muscle mass/stature (m)2.




2.3. Sedentary Time and Daily Physical Activity (PA) Assessment


Daily physical activity was recorded under free-living conditions over seven consecutive days, including weekdays and weekend days, by using a SenseWear Armband (Body Media Inc., Pittsburg, PA, USA) applied to the participant over the triceps muscle, halfway between the acromion and the olecranon processes, as suggested by the manufacturer. This system integrates the information gathered by the two-axis accelerometer and sensors (i.e., skin and near-body temperature, heat flux, and galvanic skin response) with sex, age, stature, weight, smoking status and handedness of the user. The Armbands thus provide qualitative (e.g., intensity) and quantitative (e.g., number of daily steps, energy expenditure) information about daily PA [36]. We considered the following parameters: the mean daily metabolic equivalent (METs), sedentary time (activities with an intensity ≤1.5 METs), excluding lying down and sleeping, low-intensity PA (LIPAT, intensity >1.5 METs and ≤3 METs), moderate-intensity PA (MIPAT, intensity >3 METs and ≤6 METs), vigorous-intensity PA (VIPAT, >6 METs), daily lying down, sleeping and sleeping efficacy, calculated as ratio between sleeping to lying down ×100 [37]. The SenseWear Armband is able to discern between daily lying down and sleeping integrating the information concerning the heat flux, and galvanic skin response, with those furnished by the two-axis accelerometer. Indeed, during sleeping, heat flux and galvanic skin response have a different trend compared to simply lying down, even in the absence of movement. The participants wore their monitors all day, except while bathing. The wear time criteria, to consider valid registrations, were at least 540 min/day on weekdays and 480 min/day on weekend days [38]. We also calculated the number of daily bouts (B) of PA spent at MIPAT and VIPAT intensities lasting from 1 to 10 consecutive minutes, the sum of daily bouts lasting less than 5 consecutive minutes (B < 5), the sum of daily bouts that were major or equal to 5 (B ≥ 5) and 10 (B ≥ 10) consecutive minutes. Here, B < 5, B ≥ 5, and B ≥ 10 were calculated using a specifically written application. The application, as first action, calculated the number of bouts (B) of MIPAT and VIPAT, and their totals, which were gathered according to their consecutive durations (i.e., 1 consecutive minute, 2 consecutive minutes and so on until 10 consecutive minutes), then calculated the variables under consideration. Mean duration and intensity of bouts of PA spent at moderate and/or vigorous intensities were also calculated.




2.4. Thyroid Function and Inflammatory Status


One week after the medical interview and the clinical visit, a nurse visited the participant’s residence to draw blood samples for lab tests. Serum and plasma aliquots were stored at −80° in the biologic bank. TSH and fT4 fT3 were measured using a chemiluminescence method (normal values 0.34–5.60 mUI/mL, 2.00–3.90 pg/mL and 0.58–1.64 ng/dL for TSH, fT3 and fT4, respectively). High-sensitivity C-reactive protein (CRP) was measured in duplicate using an ELISA and colorimetric competitive immunoassay that used purified protein and polyclonal anti-CRP antibodies.




2.5. Statistical Analysis


Firstly, data were tested for normality using the SAS 9.2 software (SAS Institute Inc., Cary, NC, USA), and they are presented as means ±standard deviation. As the sample was composed by female (n = 81) and male (n = 27) participants, the Student’s t-test (for continuous variables) and the chi-square test (for categorical variables) were used to verify whether the sub-samples differed in the investigated variables. Due to the huge difference between samples sizes, the Student’s t-test results were verified through the Mann–Whitney’s test (data not shown), providing the same results. Considering the whole sample, Spearman’s correlation test was run adjusting for the effects of age, CRP and MMI, being well-known influencing factors of PA. After that, using the TSH variable as the clustering variable, we firstly gathered the sample according to the values of the TSH tertiles and then compared the three sub-samples’ characteristics using the one-way analysis of variance and Bonferroni test was used as post hoc analysis. First tertile included participants having 0.18 ≤ TSH < 1.11 μU/mL; second tertile included participants having 1.11 ≤ TSH ≤ 2.12 μU/mL; third tertile included participants having 2.12 < TSH ≤ 7.98 μU/mL. The same analysis was repeated separately in female and male subsamples. The female subsample had the same values of TSH tertiles of the whole group, while in men, the first tertile included participants having 0.73 ≤ TSH < 1.12 μU/mL; the second tertile included participants having 1.12 ≤ TSH ≤ 1.51 μU/mL; the third tertile included participants having 1.51 < TSH ≤ 7.96 μU/mL. A p ≤ 0.05 was considered statistically significant.





3. Results


3.1. Study Population Characteristics


Characteristics of the study population are shown in Table 1. The mean age was 92.84 ± 3.18 years. Generally, the 108 participants had a good body composition; both for female and male participants, FMI was near to the 25th percentile, while their FFMI ws near the 75th percentile of distribution, according to the existing reference values, with a central body fat distribution [39].



The analysis of daily PA data indicates a lifestyle characterized by high daily sedentary time and low daily moderate to vigorous PA practice. Indeed, participants were mainly engaged for about 11 h in sedentary activities, excluding daily lying down and sleeping time, while they meanly reserved about 3 h of their day to light PA practice, about 30 min to moderate, and 0 min to vigorous PA practice. Focusing our attention on the analysis of moderate PA organization, we show that notwithstanding the low mean time, the moderate PA of our sample was highly fractioned during the day. Indeed, participants had a high number of daily bouts of moderate PA, mainly composed by bouts lasting from 1 to 4 consecutive minutes, with a prevalence of bouts lasting 1 min (B1).



Mean TSH, fT3 and fT4 levels were 1.91 ± 1.48 μU/mL, 2.79 ± 0.36 pg/mL and 0.83 ± 0.18 ng/dL, respectively; all patients had normal fT3 and fT4 levels, while 3 patients (3 F) had TSH values between 0.18 and 0.34 UI/mL and 4 patients (1M, 3F) had values between 5.6 and 7.98 UI/mL. Due to the small difference from the normal range and the low number of patients with subclinical thyroid dysfunction, these 7 patients were not excluded from the study.



The observation of CRP values suggests a mean normal inflammatory condition, even if the range of distribution reveals the presence of participants having a systemic proinflammatory and inflammatory status.



When the sub-sample characteristics (i.e., female vs. male sub-samples) were compared, no significant differences for thyroid function, sleeping, sedentary and PA parameters were underlined (Table 1).




3.2. Thyroid Hormones Correlations in the Whole Sample


TSH and fT4 showed a significant inverse correlation overall (r = −0.29, p < 0.01).



The Spearman’s correlation test, after correction for the effects of age, CRP and MMI, well recognized influencing factors of both thyroid function and/or PA [28], showing that TSH has a positive correlation with bouts of moderate PA lasting 4 consecutive minutes (B4), and a negative correlation with lying down time. As far as fT4 concerns, positive correlations have been shown with lying down and sleeping time, while negative correlations have been found with METS, and LIPAT (Table 2). Bearing in mind that almost all patients were euthyroid, these results show that thyroid function, independently from age, CRP and MMI, is negatively correlated with daily movement in a sample of nonagenarian men and women. The results show that the higher the mean daily METs, LIPAT and B4 are, the less active thyroid function is. No significant correlations were found between serum fT3 levels, daily PA and sleeping parameters (Table 2).




3.3. Comparison according to TSH Tertile Membership


To deepen the partial correlation results, the sample was clustered, according to TSH value, in three sub-samples (Table 3). The one-way analysis of variance and Bonferroni test, used as post hoc analysis, showed that the three sub-samples significantly differed for MIPAT and B ≥ 5 as well as fT4 (obvious result, due to the fact that we used TSH as clustering variable). Specifically, the post hoc analysis showed that the nonagenarians being in the 1st tertile of TSH (0.18 ≤ TSH < 1.11 μU/mL) had lower MIPAT and B ≥ 5 compared to those in the 3rd tertile (2.12 < TSH ≤ 7.98 μU/mL).




3.4. Thyroid Hormones Correlations and Comparison according to TSH Tertile Membership in Female Sub-Sample


Since our sample was mainly composed of female nonagenarians (i.e., n = 81/108), we repeated the analysis in women and men separately. Table 4 shows the results of Spearman’s correlation test, ran adjusting for the effects of age, CRP and MMI, of the female sub-sample, confirming, with stronger data, those obtained from the whole sample. Indeed, TSH has been found to be strongly and positively correlated with METs, MIPAT, B4, and B ≥ 5, while fT4 is negatively linked to METs, LIPAT, MIPAT and B ≥ 5.



Furthermore, serum fT3 levels were positively correlated with METs in the female sub-sample (r = −0.22, p < 0.05).



The results observed in Table 3 were reinforced when the female sub-sample was clustered, according to TSH value, in three sub-samples, being compared through the one-way analysis of variance and Bonferroni test (Table 5). Female nonagenarians, being the 1st tertile of TSH (0.18 ≤ TSH < 1.11 μU/mL), had lower METs, LIPAT, MIPAT, B4 and B ≥ 5, and higher daily time spent lying down, compared to those in the 3rd tertile (2.12 < TSH ≤ 7.98 μU/mL).




3.5. Thyroid Hormones Correlations and Comparison according to TSH Tertile Membership in Male Sub-Sample


When the Spearman’s correlation test was repeated considering just the male sub-sample (n = 27/108), a correlation between TSH and fT4 (ρ = −0.400, p = 0.05) was found, while no significant differences in age, body composition, sedentary time, PA, sleeping and inflammation were found according to TSH tertile membership (data not shown).





4. Discussion


As a general view of PA in our female nonagenarians, meanly characterized by low FMI and high FFMI, none of them reached the recommended amounts of aerobic moderate PA, i.e., 30 min of moderate PA through multiple bouts lasting almost 10 consecutive minutes throughout the day [40]. Indeed, their daily moderate PA is mainly composed of bouts lasting from 1 to 4 consecutive minutes (Table 1). Even if this distribution is a weak point to reach and maintain cardio-metabolic health through PA [40], it helps to break sedentary time and to maintain physical functions. Indeed, there is increasing literature stating the importance of breaking up prolonged sitting time, especially in old people [41,42]: according to Sardinha and colleagues, functional disability in oldest-old adults is linked to very few breaks (less or equal to every 7 h) of sedentary time, independently of moderate-to-vigorous PA [42].



Focusing our attention on TSH and fT4 we found TSH positively correlated with B4, and negatively correlated with lying down time. On the contrary, fT4 showed positive correlations with sedentary and lying down time and negative correlations with METS and LIPAT. These findings were confirmed if our population was clustered according to TSH tertiles, as higher values are linked to higher total daily MIPAT and more prolonged activity (i.e., B > 5 min). The most convincing data, however, were obtained if we considered only female nonagenarians. Indeed, in this more homogeneous group (which is also the most representative including 81/108 subjects, 75% of the sample), almost all the parameters of PA (namely METS, MIPAT, LIPAT, B4 and B > 5) were correlated with the classically considered “lower thyroid function”. Bearing in mind that almost all subjects were euthyroid, these results show that, in a sample of nonagenarians, thyroid function, independently from age, CRP and MMI, is negatively correlated with daily movement. The results show that the less active thyroid function is, the higher daily PA is. Our results underline the presence of a correlation among the variables without establishing a cause–effect relationship.



As there is limited and poor literature stating both that PA can modulate thyroid function, and that thyroid function can modulate PA in euthyroid persons, our results can be considered important evidence of the correlations of TSH in the field of non-exercise PA, and add a support to the theory about the role of TSH in daily PA modulation, at least in nonagenarians. Specifically, the existing literature concerning the role of PA on thyroid function, is based on studies not applicable to our design and population. Indeed, Hackney and Saeidi [43] studied the effects of short-term and intense physical exercise on serum TSH and thyroid hormone concentration in young adults. On the other hand, Dueñas et al. [44] failed to show significant association between thyroid function and PA, in euthyroid adults and seniors, even in the presence of both longitudinal and cross-sectional design, with a study including subjects with a wider range of age and using questionnaires. In addition, they used a validated questionnaire to estimate PA, which is well-known to be less sensitive than accelerometers [45], in participants younger than those used in its validation study. Conflicting data have been presented by Ravaglia et al. [46] and by Ceresini et al. [31], who showed opposite correlations of thyroid hormones and TSH with PA. However, these studies included a small number of participants [46], much younger than those included in the present study [31,46], and were mainly based on validated questionnaires [31,46]. Finally, the paper by Ceresini et al. [31] intended to study both spontaneous PA and exercise practice, while the present study concerns daily PA. Therefore, according to our results, in nonagenarian subjects, the more TSH is within the normal range, the more stable daily PA is for health, i.e., high mean daily METs and daily steps, low-fractioned MIPAT and low sedentary time. This also reinforces the suggestion that having a TSH closer to or slightly above the normal upper limit is a protective condition at this age.



Many conflicting reports are present in the literature about the correlation of thyroid function and health in aging people; it is generally accepted, however, that higher TSH and lower fT4 are associated with lower mortality in old subjects, especially centenarians. Moreover, lower mortality has been reported in parents of nonagenarian siblings, who showed higher serum TSH levels and lower fT4 levels [2]. As a putative explanation, aging is associated with decreased levels of THs, thus, according to the remodeling theory of aging, such a situation may represent an adaptive phenomenon to reduce basal metabolic rate and to prevent excessive catabolism, finally leading to “successful aging” [2].



In order to compare our results with those obtained in different studies, it has to be underlined that the subjects of the present study were free from cognitive disabilities, previously diagnosed or clinically evident endocrine diseases and independent in all of the ADL; finally, they were all from an iodine sufficient area [47]. As a limitation, our results were significant in the whole population and in the female subset, while the male subset did not confirm the same results, possibly due to the small number of subjects enrolled.




5. Conclusions


Our results describe the status of daily PA in healthy nonagenarians and its correlation with thyroid function. These findings may add information about optimal levels of thyroid hormones in the elderly, bearing in mind that almost all patients included in the study showed TSH and fT4 levels within the normal range, i.e., they were euthyroid according to common reference values. It follows that the observed correlations between thyroid function and PA in our population of nonagenarians cannot be extended to patients with subclinical hypothyroidism, but it is also implied that our results support the concept that a slight increase in TSH is associated with better functional mobility, fitness and a reduced risk of disability in the considered population. We cannot establish a cause–effect based on our data; however, according to a recent review showing no effect of physical exercise on thyroid function [48], it seems reasonable to suppose that a slight increase in TSH is beneficial to daily PA in female nonagenarians.
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Table 1. Characteristics of the study population and sub-samples differences.






Table 1. Characteristics of the study population and sub-samples differences.





	Characteristics
	Whole Sample

(N = 108)
	Female Sub-Sample

(n = 81)
	Male Sub-Sample

(n = 27)
	Female vs. Male Sub-Sample

p





	Age (years)
	92.84 ± 3.18

(89–101)
	93.07 ± 3.30

(89–101)
	92.15 ± 2.74

(90–100)
	0.192



	Waist circumference (cm)
	93.87 ± 11.40

(68–130)
	93.82 ± 11.23

(68–125)
	101.85 ± 9.84

(82–130)
	0.001



	Hip circumference (cm)
	102.12 ± 9.96

(62–128)
	100.99 ± 10.51

(62–128)
	105.58 ± 7.17

(92–120)
	0.040



	Waist to Hip ratio
	0.93 ± 0.06

(0.78–1.11)
	0.93 ± 0.07

(0.78–1.11)
	0.96 ± 0.05

(0.89–1.10)
	0.040



	FMI (kg of fat mass/m2)
	6.76 ± 3.67

(0.04–16.33)
	7.43 ± 3.78

(0.75–16.33)
	4.76 ± 2.47

(0.04–10.17)
	0.001



	FFMI (kg of fat-free mass/m2)
	18.51 ± 2.85

(13.08–26.40)
	20.68 ± 2.78

(13.08–23.47)
	17.79 ± 2.50

(16.34–26.40)
	<0.001



	MMI (kg of muscle mass/m2)
	11.65 ± 2.80

(6.30–21.38)
	11.05 ± 2.40

(6.30–17.73)
	13.47 ± 3.14

(8.41–21.38)
	<0.001



	METs (METs)
	1.01 ± 0.21

(0.65–1.66)
	1.01 ± 0.22

(0.65–1.66)
	1 ± 0.18

(0.77–1.48)
	0.726



	Sedentary time (min)
	657.23 ± 144.56

(348–1054)
	662.73 ± 154.87

(348–1054)
	640.73 ± 108.73

(436–846)
	0.496



	LIPAT (min)
	167.32 ± 119.26

(3–520)
	174.91 ± 128.93

(3–520)
	144.56 ± 81.71

(26–370)
	0.254



	MIPAT (min)
	30.99 ± 51.14

(0–270)
	29.07 ± 52.22

(0–269)
	36.78 ± 48.22

(0–205)
	0.500



	VIPAT (min)
	-
	-
	-
	-



	Mean bouts number (n°)
	11.07 ± 13.73

(0–58)
	10.60 ± 13.80

(0–57)
	12.49 ± 13.66

(0–58)
	0.537



	B1 (n°)
	5.80 ± 6.49

(0–24)
	5.66 ± 6.71

(0–24)
	6.24 ± 5.88

(0–24)
	0.689



	B2 (n°)
	1.98 ± 2.68

(0–11)
	1.87 ± 2.61

(0–11)
	2.29 ± 2.93

(0–11)
	0.485



	B3 (n°)
	1.13 ± 1.57

(0–8)
	1.04 ± 1.49

(0–5)
	1.38 ± 1.79

(0–3)
	0.337



	B4 (n°)
	0.53 ± 0.88

(0–4)
	0.55 ± 0.92

(0–4)
	0.47 ± 0.73

(0–3)
	0.659



	B < 5 (n°)
	9.44 ± 11.05

(0–46)
	9.13 ± 11.15

(0–40)
	10.38 ± 10.91

(0–46)
	0.613



	B35 (n°)
	1.63 ± 3.20

(0–17)
	1.47 ± 3.25

(0–17)
	2.11 ± 3.05

(0–12)
	0.370



	Lying down (min)
	584.33 ± 116.75

(285–893.25)
	573.15 ± 125.82

(285–893.25)
	617.87 ± 76.24

(492–759.67)
	0.085



	Sleeping (min)
	476.71 ± 109

(255–723)
	472.45 ± 116.79

(255–723)
	489.47 ± 81.86

(304–641)
	0.485



	Sleeping efficacy (%)
	81.65 ± 9.26

(49–100)
	82.43 ± 8.87

(53–100)
	79.32 ± 10.16

(49–93)
	0.131



	TSH (mU/mL)
	1.91 ± 1.48

(0.18–7.98)
	1.93 ± 1.47

(0.18–7.98)
	1.85 ± 1.53

(0.73–7.96)
	0.820



	fT3 (pg/mL)
	2.79 ± 0.36

(2.05–3.91)
	2.76 ± 0.35

(2.05–3.91)
	2.88 ± 0.39

(2.06–3.63)
	0.152



	fT4 (ng/dL)
	0.83 ± 0.18

(0.48–1.31)
	0.83 ± 0.19

(0.48–1.31)
	0.84 ± 0.16

(0.59–1.20)
	0.691



	C-reactive protein (mg/dL)
	0.69 ± 1.04

(0.02–6.31)
	0.69 ± 1.06

(0.02–6.31)
	0.69 ± 1.02

(0.03–4.92)
	0.996



	Cardiovascular diseases (n° no/n° yes)
	46/62
	37/44
	9/18
	0.368



	Cerebrovascular diseases (n° no/n° yes)
	75/33
	57/24
	18/9
	0.614



	Respiratory diseases (n° no/n° yes)
	87/21
	63/18
	24/3
	0.545



	Oncological diseases (n° no/n° yes)
	43/65
	31/50
	12/15
	0.495



	Articular pain (n° no/n° yes)
	40/68
	28/53
	12/15
	0.350







Data concerning continuous variables are presented as mean ± SD. Minimum and maximum value of each variable are presented, italicized, in brackets. Data concerning categorical variables are presented as n° no/n° yes. Statistical significances concerning the comparison of continuous variables are referring to the Student’s t-test results. Statistical significances concerning the comparison of categorical variables are referring to the chi-square test results. Abbreviations: FMI, Fat mass index; FFMI, Free-fat mass index; MMI, Muscle mass index; METs, metabolic equivalents; LIPAT, low intensity physical activity; MIPAT, moderate intensity physical activity; VIPAT, vigorous intensity physical activity; -, unrecorded data; BX, number of daily bouts of moderate intensity physical activity lasting X consecutive minutes.
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Table 2. Significant correlations of thyroid hormones with physical activity and sleeping parameters, adjusting for the effects of age, CRP and MMI.
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	TSH (mU/mL)
	fT3 (pg/mL)
	fT4 (ng/dL)
	METs
	Sedentary Time (min)
	LIPAT (min)
	MIPAT (min)
	Mean Bouts Number (n°)
	B1 (n°)
	B2 (n°)
	B3 (n°)
	B4 (n°)
	B < 5 (n°)
	B ≥ 5 (n°)
	Lying Down (min)
	Sleeping (min)
	Sleeping Efficacy (%)





	TSH (mU/mL)
	1
	-
	−0.293 **
	0.187 °
	-
	-
	-
	-
	-
	-
	-
	0.213 *
	-
	0.179 °
	−0.242 *
	-
	-



	fT3 (pg/mL)
	
	1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-



	fT4 (ng/dL)
	
	
	1
	−0.227 *
	-
	−0.202 *
	−0.173 °
	-
	-
	-
	-
	-
	-
	−0.177 °
	0.233 *
	0.188 *
	-







CRP, c-reactive protein; MMI, muscle mass index; METs, metabolic equivalents; LIPAT, low intensity physical activity; MIPAT, moderate intensity physical activity; BX, number of daily bouts of moderate intensity physical activity lasting X consecutive minutes; ° 0.05 < p < 0.1; * 0.05 ≤ p < 0.01; ** p ≤ 0.01; -, non-significant.
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Table 3. Comparisons of sub-samples characteristics, according to TSH tertile memberships, using the one-way analysis of variance and Bonferroni test, as post hoc analysis.
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	Characteristics
	TSH 1st Tertile

(TSH < 1.11 mU/mL)

(n = 35)
	TSH 2nd Tertile

(1.11 ≤ TSH ≤ 2.12 mU/mL)

(n = 38)
	TSH 3rd Tertile

(TSH > 2.12 mU/mL)

(n = 35)
	p





	Age (years)
	92.77 ± 3.14
	92.21 ± 3.02
	93.60 ± 3.32
	0.175



	Waist circumference (cm)
	95.54 ± 10.66
	95.58 ± 10.28
	96.49 ± 11.48
	0.927



	Hip circumference (cm)
	101.71 ± 8.81
	101.31 ± 11.33
	103.34 ± 9.75
	0.670



	Waist to Hip ratio
	0.93 ± 0.06
	0.94 ± 0.07
	0.93 ± 0.07
	0.902



	FMI (kg of fat mass/m2)
	6.67 ± 3.46
	6.50 ± 3.86
	7.14 ± 3.74
	0.747



	FFMI (kg of fat-free mass/m2)
	17.98 ± 2.71
	18.84 ± 2.76
	18.69 ± 3.08
	0.398



	MMI (kg of muscle mass/m2)
	11.20 ± 3.04
	11.91 ± 2.45
	11.82 ± 2.93
	0.504



	METs (METs)
	0.95 ± 0.14 ^
	1.03 ± 0.20
	1.06 ± 0.25 ^
	0.066



	Sedentary time (min)
	668.97 ± 131.09
	648.29 ± 156.53
	655.20 ± 147.25
	0.828



	LIPAT (min)
	137.37 ± 98.26
	183.21 ± 139.03
	180.03 ± 112.75
	0.195



	MIPAT (min)
	15.96 ± 20.93 ^
	29.58 ± 32.37
	47.57 ± 78.33 ^
	0.033



	VIPAT (min)
	-
	-
	-
	-



	Mean bouts number (n°)
	7.37 ± 8.67
	12.27 ± 11.27
	13.47 ± 18.92
	0.142



	B1 (n°)
	4.22 ± 4.79
	6.94 ± 6.33
	6.16 ± 7.88
	0.190



	B2 (n°)
	1.45 ± 2.25
	2.18 ± 2.52
	2.29 ± 3.20
	0.372



	B3 (n°)
	0.77 ± 1.10
	1.25 ± 1.23
	1.36 ± 2.16
	0.239



	B4 (n°)
	0.33 ± 0.55
	0.47 ± 0.62
	0.80 ± 1.26
	0.071



	B<5 (n°)
	6.77 ± 7.99
	10.83 ± 9.87
	10.61 ± 14.27
	0.222



	B35 (n°)
	0.59 ± 1.04 ^
	1.44 ± 2.09
	2.86 ± 4.87 ^
	0.010



	Lying down (min)
	617.66 ± 127.89
	578.86 ± 116.15
	556.95 ± 99.54
	0.085



	Sleeping (min)
	501.68 ± 108.39
	470.27 ± 118.97
	458.72 ± 96.02
	0.234



	Sleeping efficacy (%)
	81.46 ± 8.30
	81.16 ± 11.14
	82.39 ± 8.07
	0.843



	TSH (mU/mL)
	0.7 ± 0.26 ^
	1.58 ± 0.34 ^
	3.49 ± 1.57 ^
	<0.001



	fT3 (pg/mL)
	2.89 ± 0.35
	2.77 ± 0.30
	2.72 ± 0.42
	0.139



	fT4 (ng/dL)
	0.88 ± 0.18 ^
	0.86 ± 0.17 ^^
	0.75 ± 0.17 ^, ^^
	0.005



	C-reactive protein (mg/dL)
	0.86 ± 1.32
	0.48 ± 0.55
	0.76 ± 1.13
	0.279







Data are presented as mean ± SD. ^ values significantly different according to post hoc analysis, p < 0.025 ^^ values significantly different according to post hoc analysis, p < 0.025. Abbreviations: FMI, Fat mass index; FFMI, Free-fat mass index; MMI, Muscle mass index; METs, metabolic equivalents; LIPAT, low intensity physical activity; MIPAT, moderate intensity physical activity; VIPAT vigorous intensity physical activity; BX, number of daily bouts of moderate intensity physical activity lasting X consecutive minutes.
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Table 4. Significant correlations of thyroid hormones with physical activity and sleeping parameters, adjusting for the effects of age, CRP and MMI in female sub-sample.
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	TSH (mU/mL)
	fT3 (pg/mL)
	fT4 (ng/dL)
	METs
	Sedentary Time (min)
	LIPAT (min)
	MIPAT (min)
	Mean Bouts Number (n°)
	B1 (n°)
	B2 (n°)
	B3 (n°)
	B4 (n°)
	B < 5 (n°)
	B ≥ 5 (n°)
	Lying Down (min)
	Sleeping (min)
	Sleeping Efficacy (%)





	TSH (mU/mL)
	1
	-
	−0.255 *
	0.226 *
	-
	-
	0.226 *
	0.204 °
	-
	-
	0.194 °
	0.245 *
	-
	0.242 *
	-0.202°
	-
	-



	fT3 (pg/mL)
	
	1
	-
	0.229 *
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-



	fT4 (ng/dL)
	
	
	1
	−0.296 *
	-
	−0.231 *
	−0.244 *
	-
	-
	-
	-
	-
	-
	−0.271 *
	0.259 *
	0.207 °
	-







CRP, c-reactive protein; MMI, muscle mass index; METs, metabolic equivalents; LIPAT, low intensity physical activity; MIPAT, moderate intensity physical activity; BX, number of daily bouts of moderate intensity physical activity lasting X consecutive minutes; ° 0.05 < p < 0.1; * 0.05 ≤ p < 0.01; -, non-significant.
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Table 5. Comparisons of sub-samples characteristics, according to TSH tertile memberships, using the one-way analysis of variance and Bonferroni test as post hoc analysis, in the female sub-sample.
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	Characteristics
	TSH 1st Tertile

(TSH < 1.11 mU/mL)

(n = 27)
	TSH 2nd Tertile

(1.11 ≤ TSH ≤ 2.12 mU/mL)

(n = 26)
	TSH 3rd Tertile

(TSH > 2.12 mU/mL)

(n = 28)
	p





	Age (years)
	93.19 ± 3.37
	92.54 ± 3.31
	93.46 ± 3.28
	0.582



	Waist circumference (cm)
	95.33 ± 11.29
	92.58 ± 13.03
	93.43 ± 9.64
	0.671



	Hip circumference (cm)
	101.33 ± 9.27
	99.92 ± 12.94
	101.57 ± 9.61
	0.837



	Waist to Hip ratio
	0.94 ± 0.06
	0.92 ± 0.07
	0.92 ± 0.07
	0.652



	FMI (kg of fat mass/m2)
	7.36 ± 3.45
	7.58 ± 4
	7.36 ± 4
	0.970



	FFMI (kg of fat-free mass/m2)
	17.44 ± 2.31
	18.12 ± 2.69
	17.82 ± 2.55
	0.621



	MMI (kg of muscle mass//m2)
	10.56 ± 2.59
	11.57 ± 2.41
	11.02 ± 2.17
	0.318



	METs (METs)
	0.92 ± 0.11 ^
	1.03 ± 0.24
	1.10 ± 0.24 ^
	0.010



	Sedentary time (min)
	685.37 ± 129.87
	667.68 ± 182.82
	636.30 ± 150.38
	0.498



	LIPAT (min)
	120.20 ± 86.53 ^, ^^
	205.37 ± 161.30 ^, ^^
	199.38 ± 115.93 ^
	0.024



	MIPAT (min)
	12.32 ± 16.44 ^
	22.64 ± 25.91
	51.19 ± 79.82 ^
	0.015



	VIPAT (min)
	-
	-
	-
	-



	Mean bouts number (n°)
	6.39 ± 8.04
	11.08 ± 11.43
	14.20 ± 18.71
	0.108



	B1 (n°)
	3.67 ± 4.51
	6.90 ± 7.08
	6.42 ± 7.84
	0.163



	B2 (n°)
	1.35 ± 2.32
	1.85 ± 2.31
	2.40 ± 3.08
	0.339



	B3 (n°)
	0.71 ± 1.08
	1.03 ± 1.18
	1.38 ± 1.98
	0.253



	B4 (n°)
	0.32 ± 0.57 ^
	0.41 ± 0.58
	0.90 ± 1.31 ^
	0.042



	B < 5 (n°)
	6.06 ± 7.69
	10.20 ± 10.46
	11.10 ± 13.98
	0.207



	B35 (n°)
	0.34 ± 0.55 ^
	0.89 ± 1.40
	3.09 ± 4.98 ^
	0.003



	Lying down (min)
	622.08 ± 140.28 ^
	544.24 ± 116.57
	552.83 ± 108.45 ^
	0.043



	Sleeping (min)
	500.98 ± 122.67
	456.14 ± 126.09
	460.09 ± 99.88
	0.300



	Sleeping efficacy (%)
	80.64 ± 8.86
	83.34 ± 10.49
	83.32 ± 7.14
	0.442



	TSH (mU/mL)
	0.64 ± 0.27 ^
	1.69 ± 0.34 ^
	3.39 ± 1.52 ^
	<0.001



	fT3 (pg/mL)
	2.85 ± 0.36
	2.75 ± 0.30
	2.68 ± 0.38
	0.204



	fT4 (ng/dL)
	0.89 ± 0.21 ^
	0.84 ± 0.17
	0.75 ± 0.18 ^
	0.034



	C-reactive protein (mg/dL)
	0.99 ± 1.48
	0.44 ± 0.48
	0.64 ± 0.92
	0.163







Data are presented as mean ± SD. ^ values significantly different according to post hoc analysis, p < 0.025, ^^ values significantly different according to post hoc analysis, p < 0.025 Abbreviations: FMI, Fat mass index; FFMI, Free-fat mass index; MMI, Muscle mass index; METs, metabolic equivalents; LIPAT, low intensity physical activity; MIPAT, moderate intensity physical activity; VIPAT vigorous intensity physical activity; BX, number of daily bouts of moderate intensity physical activity lasting X consecutive minutes.
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