

[image: Physical activity affects dysthyreosis by thyroid hormones sensitivity: a population-based study]
Physical activity affects dysthyreosis by thyroid hormones sensitivity: a population-based study





ORIGINAL RESEARCH

published: 28 October 2024

doi: 10.3389/fendo.2024.1418766

[image: image2]


Physical activity affects dysthyreosis by thyroid hormones sensitivity: a population-based study


Shu-yang Zhang 1*†, Xue-qing Hu 2†, Cheng Xiang 3, Tao Xiang 4, Song-xue Guo 2, Fei-hu Zhi 1, Ping Zhao 1, Jia-yan Zhu 1 and Chen-yang Zhang 5


1 Department of General Surgery, Shaoxing Hospital of Traditional Chinese Medicine [Shaoxing Traditional Chinese Medicine (TCM) Hospital Affiliated to Zhejiang Chinese Medical University], Shaoxing, Zhejiang, China, 2 Department of Plastic Surgery, The Second Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, Zhejiang, China, 3 Department of Thyroid Surgery, The Second Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, Zhejiang, China, 4 Department of Colorectal Surgery, The First Affiliated Hospital of Zhejiang University School of Medicine, Hangzhou, Zhejiang, China, 5 XiangYa School of Medicine, Central South University, Changsha, Hunan, China




Edited by: 

Joseph V. Martin, Rutgers University Camden, United States

Reviewed by: 

Surbhi Gahlot, University of Texas Southwestern Medical Center, United States

Nejmeddine Ouerghi, Hôpital La Rabta, Tunisia

*Correspondence: 

Shu-yang Zhang
 zsyzsy0522@163.com

†These authors have contributed equally to this work and share first authorship


Received: 17 April 2024

Accepted: 09 October 2024

Published: 28 October 2024

Citation:
Zhang S-y, Hu X-q, Xiang C, Xiang T, Guo S-x, Zhi F-h, Zhao P, Zhu J-y and Zhang C-y (2024) Physical activity affects dysthyreosis by thyroid hormones sensitivity: a population-based study. Front. Endocrinol. 15:1418766. doi: 10.3389/fendo.2024.1418766






Objective

Physical activity (PA) plays an important role in human health. However, the relationship between the PA and dysthyreosis was not clear. This study aimed to explore this question.





Methods

We performed a population-based study on the basis of the participant’s information that was collected from the National Health and Nutrition Examination Survey (NHANES) database. The association of the thyroid hormone and total PA metabolic equivalent task (MET) were assessed via linear regression analysis with adjusting for different covariates. Moreover, we also used path analysis to explore the causality between PA, thyroid hormone index, and dysthyreosis. The restricted cubic spline analysis was used to explore the non-linear relationship between the thyroid hormone index and the PA total MET.





Results

A total of 2118 participants aged≥20, including 969 females and 1149 males, were collected from NHANES. The linear regression with multivariate adjustment suggested a linear relationship between the PA total MET and Thyroid-Stimulating Hormone Index (TSHI), and Thyroid Feedback Quantile-Based Index (TFQI), respectively. And TFQI and dysthyresis occurrence were significantly correlated (P<0.05). The path analysis showed that the PA total MET affected dysthyreosis occurrence by TFQI. In addition, we found a non-linear relationship between the total PA met and dysthyreosis via restricted cubic spline analysis.





Conclusions

PA was significantly correlated with dysthyreosis via thyroid hormone sensitivity. Therefore, it can be considered to prevent the occurrence of dysthyreosis by regulating thyroid hormone sensitivity through PA in daily life.
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1 Introduction

Physical activity (PA), any bodily movement with energy expenditure produced via skeletal muscles, crucially affects human health and well-being in daily life (1). PA is related to many human diseases such as obesity, type 2 diabetes, depression, and cardiovascular diseases (CVD). Most studies indicated that regular PA reduced the risk of those chronic diseases (2–4). Higher PA was strongly associated with CVD patients’ mortality (5). Matthew et al. suggested that significant mental health can benefit from being physically active via meta-analysis (6). Most diseases were related to abnormalities in the physiological processes of energy metabolism regulated by thyroid hormones (7–10).

Thyroid hormones play a key role in the human endocrine system, affecting energy expenditure via regulating cellular respiration and thermogenesis and further affecting the resting metabolic rate (11). Free triiodothyronine (FT3), Free thyroxine (FT4), and Thyroid-stimulating Hormone (TSH) are classical indicators for evaluating thyroid function. Thyroid-stimulating Hormone Index (TSHI), Thyrotroph Thyroxine Resistance Index (TT4RI), and Thyroid Feedback Quantile-based index (TFQI) provide a new insight for assessing the degree of negative feedback between the FT3, FT4 and TSH (12–14). There were some studies about the influence of PA on thyroid hormone levels. Ronny et al. found that sub-lactate threshold training accelerated the TSH-mediated signaling pathway in the skeletal muscle of male rats (5). Krogh et al. found that four months of vigorous PA decreased the levels of FT3, FT4, and TSH in the dogs (15). Christopher et al. indicated that daily PA was negatively associated with thyroid hormone levels among adults (16). It followed that PA was an important factor influencing the Thyroid-related hormone secretion.

Thyroid-related hormone levels and thyroid hormone sensitivity are indicators for evaluating thyroid function. However, the population-based research about the relationship between PA and thyroid hormone sensitivity is limited, and the influence of PA on the dysthyreosis of humans remains unclear. Hence, in the present study, we hypothesized that PA was independently associated with the occurrence of dysthyreosis. We predicted that PA affected thyroid function by affecting thyroid hormone levels or sensitivity. Therefore, we collected the related data from the National Health and Nutrition Examination Survey (NHANES) database to explore the association of PA total MET with dysthyreosis and fill this gap in this field.




2 Materials and methods



2.1 Participants

The information of participants was collected from 2007-2012 continuous biennial cycles of the U.S. NHANES which is a nationwide, ongoing, cross-sectional, multistage survey conducted by the U.S. Centers for Disease Control and Prevention (CDC) [CDC, National Health and Nutrition Examination Survey. National Center for Health Statistics, Centers for Disease Control and Prevention (2022)]. The project is to accurately assess the health and nutritional status of Americans.

A total of 29353 participants from 2007-2012 were obtained for further screening. The excluded criteria included (1) the participants without complete PA questionnaire; (2) the participants without complete thyroid-related laboratory data, and (3) the participants missing covariates data (demographic characteristic: age, sex, race, marital status, family annual income, education level, body mass index (BMI); lifestyle: smoking, alcohol using; health status: hypertension, diabetes, stroke). The inclusion criteria included (1) the participants with a complete PA questionnaire; (2) the participants with complete thyroid-related laboratory data, (3) the participants with complete covariates (demographic characteristics: age, sex, race, marital status, family annual income, BMI, education level; lifestyle: smoking, alcohol using; health status: hypertension, diabetes, stroke). Finally, 2118 participants were included in the study. It is worth noting that health status may affect the results of the study, so we included more important and common variables: hypertension, diabetes, and stroke. The specific screening process is shown in Figure 1.




Figure 1 | Researches flow chart for inclusion and exclusion of participants.






2.2 Measurement of hormone content and sensitivity to thyroid hormone indices

FT3, Total T3 (TT3), Total T4 (TT4), and FT4, TSH were measured via the thyroid blood sample at the University of Washington in Seattle. The methods of measurement were a two-site immunoenzymatic (“sandwich”) assay and a competitive binding immunoenzymatic assay. The specific experimental steps were presented on the NHANES official website (Method for determination of thyroid hormone in NHANES 2007-2008, https://wwwn.cdc.gov/Nchs/Nhanes/2007-2008/THYROD_E.htm, accessed July 2023). TSHI, TT4RI, and TFQI were calculated using the following formula, respectively.

	

	

	

	




2.3 Dysthyreosis diagnosis

The dysthyreosis included hyperthyroidism, subclinical hyperthyroidism, hyperthyroidism, and subclinical hypothyroidism. Hence, the four kinds of dysthyreoses were assessed via TSH content and FT4 content. TSH<0.45 mUI/L and FT4>1.6 ng/dL were considered hyperthyroidism. TSH>4.5 mUI/L and FT4<0.6 ng/dL were considered hypothyroidism. Sub-clinical hyperthyroidism was diagnosed according to TSH<0.45 mUI/L and 0.6<FT4<1.6 ng/dL, and subclinical hypothyroidism was diagnosed according to TSH>4.5 mUI/L and 0.6<FT4<1.6 ng/dL (17).




2.4 PA total metabolic equivalent task score computation

Each participant completed a PA questionnaire, which included questions related to all PA performed in the past 30 days. This questionnaire recorded the type, duration, intensity, and frequency of activities, including transportation, occupational, and leisure activities. Activity intensity was categorized into moderate and vigorous activities. Moderate-intensity activities were defined as those that induced light sweating or slight to moderate breathing or heart rate increases. Vigorous activities were defined as those causing heavy sweating or substantial breathing or heart rate increases. The MET score for specific activities was calculated based on the type and intensity of the activity (18). Then, the weekly total PA volume was the sum of the work activity MET score, recreational activity MET score, and walk/bicycle activity MET score in one week. Every kind of PA MET score was computed via the following formula: Total MET (minutes per week) = number of days *number of minutes* MET scores.




2.5 Other participants’ characteristics

In this study, we collected the patients’ demographic characteristics including age (years), sex (male, female), race (non-Hispanic White, non-Hispanic Black, Mexican American, other Hispanic, and other Race - Including Multi-Racial), education (less than 9th grade, 9-11th Grade, high school grad/GED or equivalent, some college or AA degree, and college graduate or above), annual family income (< USD$20,000, USD$20,000–$75,000, and >USD$75,000), marital status (never marital status, marital status, divorced, living with a partner, widowed, and separated), BMI (<25 kg/m2, 25 kg/m2-30 kg/m2, and ≥30 kg/m2), and lifestyle in smoking and alcohol use. Smoking and drinking were classified according to the method based on the previous studies (19, 20). In addition, some disease information including hypertension, stroke, and diabetes was also collected. Hypertension was defined blood pressure (BP) of ≥140/90 mmHg. Diabetes was diagnosed based on the study of Xiao et al. (21). Stroke was diagnosed via the question: the doctor ever told you had a stroke?




2.6 Statistical analyses

All statistical analyses were performed using the ‘R’ software (version 4.2.2), and used the appropriate sample weights, 1/3 of two-year a subsample weights (WTSA2YR*1/3), on the basis of the NHANES analysis guidelines. p-value <0.05 was defined as statistically significant. Participants’ characteristics were divided into three groups based on the tertiles of PA total MET score (Q1, Q2, and Q3). Baseline categorical characteristics were expressed as frequencies and percentages, while continuous characteristics were reported as mean ± standard deviation. Subsequently, the difference between groups was compared using ANOVA for continuous characteristics, whereas the chi-square test was used to compare the categorical characteristics. The association between the thyroid hormone indexes and the PA total MET score was analyzed by linear regression. The relationship between the thyroid hormone indexes and the dysthyreosis status was analyzed via logistic regression. Moreover, we performed the three kinds of adjustment to assess the effect of the other characteristics. The relationship between the thyroid hormone index and the PA total MET was analyzed using restricted cubic spline analyses.





3 Results



3.1 Clinical characteristics

Table 1 displays the baseline characteristics of 2118 participants aged≥20, stratified by three quantiles of PA total MET (Q1, Q2, and Q3). Several covariates showed significant differences among three groups including TSHI, TTSI, and TFQI age, sex, race, marital status, education level, smoking, alcohol use, hypertension, diabetes, and BMI (all P<0.05).


Table 1 | Baseline characteristics.






3.2 Association between thyroid hormone indexes and PA total MET score

To further explore the relationship between the PA total MET and thyroid hormone indexes, linear regression analyses were performed. The results showed that PA total MET was significantly related to the levels of TSHI, FT4, and TFQI, respectively both in crude and adjusted models (P<0.05, P for trend<0.05, Table 2).


Table 2 | The association between PA total MET and 6 thyroid hormone indexes in the whole population by linear regression analyses (n=2118).






3.3 Association between thyroid hormone indexes and dysthyreosis

Subsequently, we explored the relationship between the key thyroid hormone indexes including TFQI and TSHI, and the dysthyreosis occurrence via the logistics regression analysis. The results showed that the association between the TFQI and dysthyreosis occurrence was statistically significant both in crude model and 3 adjusted models (all P<0.05). However, there was no obvious relationship between the TSHI and the dysthyreosis occurrence (Table 3).


Table 3 | The association between TFQI/TSHI and dysthyreosis in the whole population by logistic regression analysis (n=2118).






3.4 Association among the PA total MET, TFQI, and dysthyreosis

Based on the above results, we speculated that PA total MET may affected thyroid function by TFQI. Hence, we performed the path analysis to verify the conjecture. The path analysis showed that the PA total MET effected dysthyreosis occurrence by TFQI (r (PA total MET ~ TFQI) =0.123, P<0.05; r (TFQI ~ dysthyreosis) =0.145, P<0.05, Table 4, Figure 2).


Table 4 | Path analysis among the PA total MET, TFQI, and dysthyreosis.






Figure 2 | Path among the PA total MET, TFQI, and dysthyreosis.






3.5 Association between the PA total MET and dysthyreosis

We further explored the association between the PA total MET and dysthyreosis, the spline analyses indicated that the PA total MET was non-linearly associated with dysthyreosis (P for non-linearity<0.05, Figure 3A). Then, the stratified analysis (Figures 3B-F) grouped by age, sex, hypertension, BMI, and stroke further explored the relationship between PA total MET and dysthyreosis. The results showed that the non-linearity between the PA total MET and dysthyreosis was affected by age, hypertension, BMI, and stroke.




Figure 3 | Spline analyses of PA total MET with dysthyreosis in participants and subgroup patients. (A) all participants; (B) age subgroup; (C) sex subgroup; (D) hypertension subgroup; (E) BMI subgroup (F) stroke subgroup.







4 Discussion

This study revealed vital findings on the basis of the NHANES database. First, we discovered that PA affected the function of the thyroid via sensitivity to thyroid hormones. Second, there was a non-linear relationship between the PA and dysthyreosis, which was affected by age, hypertension, BMI, and stroke.

A previous study reported that regulated PA played a significant role in maintaining psychological and physical health (22). In this study, we found that PA was associated with the TFQI, which may influence the degree of negative feedback between the thyroid hormones and TSH in the central pituitary (12). Physically active people usually have beneficial cardiac metabolic characteristics and fat consumption (23). Fat metabolism can lead to decreased blood leptin levels. Leptin, which is produced and secreted in peripheral adipose tissue, provides feedback at the paraventricular nucleus of the hypothlamus to stimulate signal transducers and activators of transcription 3 phosphorylation, directly stimulating TRH expression (24, 25). Moreover, it also stimulates thyrotropin-releasing hormone (TRH) by an indirect pathway that it stimulates multifunctional premise protein proopiomelanocortin (POMC) and generates α-melanocyte-stimulating hormone (α-MSH) through inhibition of neuropeptide Y and spiny mouse-associated proteins. α-MSH stimulates cyclic-AMP response binding protein in TRH neurons (24). Further impact the thyroid hormone sensitivity by the hypothalamic–pituitary–thyroid axis (24). In addition, PA also affects the secretion of adrenaline, which interacts with thyroid hormones via adrenergic signaling (26, 27). In summary, PA affected the TFQI by influencing the production and secretion of other hormones including adrenaline, leptin, and dopamine that had a function of a point of central regulation in the hypothalamic–pituitary–thyroid axis (28).

The study by Oscar Hernando Roa Dueñas et al. indicated that there was no association between the endogenous thyroid hormone level and total PA, which was consistent with our study (29). No obvious association between the PA and TSH or FT4 was found as well. However, we found that PA may affect the thyroid function via TFQI by the path analysis. TFQI is an empirical joint distribution of FT4 and TSH, and they were the main physiological indicators for the public to evaluate thyroid function. The advantage is that TFQI does not produce an extreme value in the case of thyroid dysfunction and is more stable than FT4 and TSHI (12). Therefore, the TFQI was the important bridge between PA and thyroid function in this study.

Most studies have shown that thyroid hormone was associated with age and chronic metabolic diseases. For instance, higher FT4 levels in individuals increased the risk of atrial fibrillation (30), also was associated with cardiovascular disease and stroke in middle-aged and elderly people (31, 32). Therefore, we speculated that the relationship between PA and dysthyreosis may be affected by these factors. The subgroup analysis indicated that non-linear relationship between the PA and dysthyreosis was affected by age, hypertension, BMI, and stroke. The finding could provide a PA-related suggestion for those different populations.

Although our results indicated the association between PA and dysthyreosis, it had some disadvantages. First, the cross-sectional study could not assess the causal relationship between the variables. Hence, we made up for this defect through path analysis. Second, the PA was counted via a self-reported questionnaire, which may be biased due to the information of recollection. Third, Participants with thyroid function disorder were not further studied according to disorder subtypes.




5 Conclusion

In summary, we found that PA affected the function of thyroid via sensitivity to thyroid hormones. The results of the present study played an important role in the research of public health because these findings provided a reference for the mechanism research of exercise and thyroid function. At the same time, this study also provided a new insight into the relationship between MET and dysthyreosis.
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