

[image: The Relationship Between Thyroid Function and Metabolic Syndrome and Its Components: A Cross-Sectional Study in a Chinese Population]
The Relationship Between Thyroid Function and Metabolic Syndrome and Its Components: A Cross-Sectional Study in a Chinese Population





ORIGINAL RESEARCH

published: 31 March 2021

doi: 10.3389/fendo.2021.661160

[image: image2]


The Relationship Between Thyroid Function and Metabolic Syndrome and Its Components: A Cross-Sectional Study in a Chinese Population


Jiaji He 1†, Yaxin Lai 1†, Jing Yang 2†, Yongli Yao 3†, Yongze Li 1, Weiping Teng 1* and Zhongyan Shan 1* for the Thyroid Disorders, Iodine Status Diabetes Epidemiological
Survey Group



1 Department of Endocrinology and Metabolism, Institute of Endocrinology, The First Affiliated Hospital of China Medical University, Shenyang, China, 2 Department of Endocrinology, The First Hospital of Shanxi Medical University, Taiyuan, China, 3 Department of Endocrinology, Qinghai Provincial People’s Hospital, Xining, China




Edited by: 
Bernadette Biondi, University of Naples Federico II, Italy

Reviewed by: 
Akira Sugawara, Tohoku University, Japan

Chiara Mele, Università del Piemonte Orientale, Italy

*Correspondence: 
Zhongyan Shan
 cmushanzhongyan@163.com
 Weiping Teng
 twp@vip.163.com


†These authors have contributed equally to this work


Specialty section: 
 This article was submitted to Thyroid Endocrinology, a section of the journal Frontiers in Endocrinology


Received: 30 January 2021

Accepted: 15 March 2021

Published: 31 March 2021

Citation:
He J, Lai Y, Yang J, Yao Y, Li Y, Teng W and Shan Z (2021) The Relationship Between Thyroid Function and Metabolic Syndrome and Its Components: A Cross-Sectional Study in a Chinese Population. Front. Endocrinol. 12:661160. doi: 10.3389/fendo.2021.661160




Objective

The present study examined the relationship between thyroid function status and the prevalence of metabolic syndrome in a Chinese population.



Methods

Cross-sectional data were obtained from the Thyroid Disease, Iodine Nutrition and Diabetes Epidemiology (TIDE) Survey. A total of 62,408 subjects aged ≥18 years were enrolled. Differences in metabolic indicators and the prevalence of metabolic syndrome according to sex and thyroid function status were compared. Logistic regression was used to analyze the influence of thyroid function on metabolic syndrome and its components.



Results

The prevalence of metabolic syndrome was generally higher in men than women. Overt hyperthyroidism and subclinical hypothyroidism had a significant effect on metabolism in men. Body mass index (BMI), waist circumference, and triglycerides (TGs) were significantly lower in men in the overt hyperthyroidism group, and BMI, waist circumference, systolic blood pressure (SBP) and TGs were higher in men in the subclinical hypothyroidism group than men in the normal group. Overt and subclinical hypothyroidism had significant impacts on metabolic components in women. BMI, waist circumference, TGs, SBP and DBP in the subclinical and overt hypothyroidism groups were significantly higher than the euthyroid group in women. The relative risk of abdominal obesity and hypertriglyceridemia was increased in women with hypothyroidism. Thyroid dysfunction had different effects on metabolic syndrome and its components before and after menopause.



Conclusion

Thyroid function had important effects on the prevalence of metabolic syndrome. Women with hypothyroidism, especially post-menopausal women, had a higher risk of metabolic syndrome than men.
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Introduction

Metabolic syndrome comprises a group of interrelated metabolic abnormalities that are characterized by central obesity, high triglycerides (TGs), low high-density lipoprotein cholesterol (HDL-C), hypertension and hyperglycaemia. Patients with metabolic syndrome have an increased risk of cardiovascular disease, type 2 diabetes, and all-cause mortality. After adjusting for potential risk factors and each component of metabolic syndrome as a continuous variable, metabolic syndrome was associated with an increased 10-year risk of coronary heart disease (1). It is estimated that the population attributable rates of metabolic syndrome are approximately 6%-7% for all-cause mortality, 12%-17% for cardiovascular disease, and 30%-52% for diabetes (2).

With the development of the social economy in recent decades, the incidence rates of nutritional metabolic diseases, such as obesity, hypertension and diabetes, have significantly increased (3). A survey from China showed that the prevalence of metabolic syndrome among Chinese adults increased in recent years, and it has become a major public health problem (4–7). The incidence of metabolic syndrome in urban areas is higher than rural areas, and the overall prevalence tends to increase with age. Sex heterogeneity exists in the relationship between risk factors and the prevalence of metabolic syndrome (7, 8). Economic development, urbanization, improvements in living standards, changes in lifestyle, dietary modifications and a reduction in physical activities all play key roles in this process (4).

The thyroid plays an important role in metabolic regulation. Thyroid hormones have multiple effects on glucose and lipid metabolism, blood pressure regulation, and energy consumption. Recent studies found that patients with hypothyroidism and subclinical hypothyroidism had an increased risk of metabolic syndrome (9, 10). Previous studies showed that subjects with thyroid stimulating hormone (TSH) levels at the upper limit of the normal range (2.5-4.5 mU/L) had increased rates of obesity, increased TG levels, and an increased possibility of metabolic syndrome (11). Healthy young women with TSH levels > 2.5 mU/L should be evaluated for the presence of metabolic syndrome, even if TSH levels are within the normal range (12). Other reports did not show a significant association between high TSH levels and metabolic syndrome (13, 14). Obesity also affects thyroid function. A meta-analysis of 22 studies showed a significant association between obesity and an increased risk of hypothyroidism (RR = 1.86), and obese people had an increased risk of overt hypothyroidism (RR=3.21) and subclinical hypothyroidism (RR=1.70) (15). This relationship requires further investigation in a representative large-sample population.

There is increasing evidence that thyroid dysfunction affects lipid and glucose metabolism, blood pressure, and body weight, which are associated with various metabolic parameters and may lead to the development or aggravation of components of metabolic syndrome (16). The present cross-sectional study investigated the association between thyroid dysfunction and metabolic syndrome in a Chinese population.



Materials and Methods


Study Design

The data were obtained from the Thyroid Disease, Iodine Nutrition and Diabetes Epidemiology (TIDE) study, which included urban and rural areas, and were obtained via four-stage random sampling (17). The following inclusion criteria for adult respondents were used: aged 18 years or older, living in a target community for at least 5 years, no exposure to iodine or contrast agent in the previous three months, and not pregnant. The Ethics Committee of China Medical University approved the research plan. After a detailed explanation of the protocol, all respondents signed informed consent forms.

The questionnaire collected data on demographics, personal and family histories of thyroid disease, smoking status, family income, education level and household salt consumption. Fasting blood and urine were collected from each subject, and blood samples were collected from subjects without diagnosed diabetes after the 2-h oral glucose tolerance test (OGTT). The collected serum and urine samples were stored at -20°C. After investigation and specimen collection, all samples were transported to the central laboratory and adhered to cold chain requirements for the unified testing of thyroid indexes and urinary iodine concentration (UIC). Metabolic indexes were detected immediately on site.



Laboratory Testing and Clinical Diagnosis

Fasting blood glucose (FBG), 2-hour blood glucose (OGTT 2-hPG), serum TG, total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C) and HDL-C levels were measured using an automatic biochemical analyser (BS180 analyzer, Mindray, Shenzhen, China). HbA1c in venous blood samples was measured using high-performance liquid chromatography (HPLC) (BioRad VARIANT II haemoglobin analyser). Thyroid stimulating hormone (TSH), thyroid peroxidase antibody (TPOAb) and thyroglobulin antibody (TgAb) were measured using electrochemical luminescence immunoassays (Cobasc601 analyser, Roche Diagnostic, Switzerland). When the TSH level exceeded the upper limit of the reference range (0.27-4.20 mIU/L), free thyroxine (FT4) was measured. FT4 and free triiodothyronine (FT3) were measured when TSH levels were lower than the lower limit of the reference range. UIC was measured using inductively coupled plasma mass spectrometry (ICP-MS) (Agilent 7700x, Agilent Technologies, USA).

According to the International Diabetes Federation (IDF) consensus worldwide definition of the metabolic syndrome promulgated in 2005 in combination with the actual situation of the Chinese population, metabolic syndrome was diagnosed when 3 or more of the following criteria were present: ① abdominal obesity (male waist ≥90 cm, female waist ≥85 cm); ② hypertriglyceridemia (TG≥1.7 mmol/L (150 mg/dL)); ③ low HDL-C (< 1.0 mmol/L in males, < 1.3 mmol/L in females); ④ hypertension (the presence of any of the following 3 conditions was defined as abnormal blood pressure: (a) antihypertensive treatment, (b) systolic blood pressure (SBP) 130 mmHg or higher, or (c) diastolic blood pressure (DBP) ≥85 mmHg); and ⑤ hyperglycaemia (the presence of any of the following 3 conditions was defined as abnormal blood glucose: (a) a self-reported diabetes history or hypoglycaemic treatment, (b) fasting plasma glucose (FPG) ≥5.6 mmol/L (100 mg/dL), (c) OGTT 2-hPG ≥7.8 mmol/L (140 mg/dL), or (d) HbA1c ≥5.7%) (18, 19).



Statistical Analysis

All statistical analyses were performed using SPSS 22.0 (IBM, USA). Corresponding participants was randomly selected from a normal thyroid function population as the control group to eliminate the influence of quantity differences. Normally distributed data are expressed as means ± standard deviations. Two independent samples t-tests were used to compare differences in metabolic indicators. The chi-squared and Fisher’s exact test were used to compare differences in the prevalence of metabolic syndrome. Logistic regression was performed to calculate adjusted odds ratios (ORs) and 95% confidence intervals (CIs) to analyze the effects of thyroid function on metabolic syndrome and its components and the effects before and after menopause. Two types of risk factor adjustment models were constructed. A P-value less than 0.05 was considered statistically significant.




Results


General Characteristics of Participants

A total of 80,937 participants were enrolled after excluding participants who met the exclusion criteria, and 62,408 participants were ultimately included in the analyses. The flow chart of participant inclusion is shown in Figure 1. A total of 52,755 participants (84.5%) had normal thyroid function, 342 patients had overt hyperthyroidism, 199 patients had subclinical hyperthyroidism, 581 patients had overt hypothyroidism, and 8,531 patients had subclinical hypothyroidism. In particular, there are 7 patients with central hypothyroidism among the patients with low TSH. To eliminate the influence of differences in group sizes, 9,950 participants were randomly selected from the normal group as the euthyroid control group. The general characteristics of participants with different thyroid function statuses are shown in Table 1.




Figure 1 | Screening flow chart.




Table 1 | General characteristics of participants with different thyroid functional statuses.





Metabolic Differences in Different Thyroid Function Statuses in Men and Women

The metabolic indicators are related to sex. Therefore, we compared differences in metabolic indicators in different thyroid functional statuses in men and women.

As shown in Table 2, SBP and HDL-C were increased in men in the subclinical hyperthyroidism group compared to men the euthyroid group, and the TG level was reduced. BMI, waist circumference, and TG levels were significantly reduced in the overt hyperthyroidism group. BMI, waist circumference, SBP and TG level were increased in the subclinical hypothyroidism group, and SBP and HDL-C were increased in the overt hypothyroidism group.


Table 2 | Metabolic differences in different thyroid functional states by sex.



BMI, waist circumference, SBP, DBP, and TG levels in the subclinical and overt hypothyroidism groups were significantly increased in the subclinical hypothyroidism group compared to women in the euthyroid group, and HDL-C was significantly decreased. HbA1c was significantly increased in the overt hypothyroidism group.



Prevalence of Metabolic Syndrome and Each of Its Component in Men and Women by Thyroid Function Status

The prevalence of metabolic syndrome was significantly higher in men than women (30.8% vs. 23.2%, P < 0.01). The prevalence of metabolic syndrome and each of its component in the different thyroid function status groups are shown in Figure 2. Among the different thyroid function groups, the prevalence of hypertension in men was consistently higher than women, the prevalence of low HDL-C was consistently significantly higher in women than men, and the prevalence of hyperglycaemia was similar between men and women. The prevalence of metabolic syndrome, abdominal obesity and hypertriglyceridemia in men with overt hypothyroidism, subclinical hyperthyroidism, euthyroid, and subclinical hypothyroidism were higher than the corresponding groups of women. However, differences were not observed in the overt hypothyroidism group.




Figure 2 | The prevalence of metabolic syndrome and each of its component in different thyroid function status groups by sex. (A) Prevalence of metabolic syndrome grouped by sex. (B) Prevalence of abdominal obesity grouped by sex. (C) Prevalence of hypertriglyceridemia grouped by sex. (D) Prevalence of low HDL-C grouped by sex. (E) Prevalence of hypertension grouped by sex. (F) Prevalence of hyperglycaemia grouped by sex.





Analysis of the Risk of Metabolic Syndrome Associated With Thyroid Function Using Logistic Regression

The associations of thyroid function with metabolic syndrome and its components were analyzed using binary logistic regression according to sex and thyroid function status (Table 3). Model 1 was constructed using univariate analysis, and Model 2 was adjusted for the effects of age, ethnicity, education, occupation, annual income, smoking history, and other metabolic factors.


Table 3 | Risk of metabolic syndrome associated with thyroid function in men and women.



Subclinical hyperthyroidism in men was a risk factor for hypertension. Overt hyperthyroidism was a risk factor for hypertension and hyperglycaemia. Subclinical hypothyroidism was a risk factor for hypertriglyceridemia and low HDL-C. Overt hypothyroidism had no effect on metabolic syndrome or its components.

Overt hyperthyroidism in women was a risk factor for hypertension and hyperglycaemia. Subclinical hypothyroidism was a risk factor for abdominal obesity, hypertriglyceridemia, low HDL-C, hypertension and metabolic syndrome. Overt hypothyroidism was a risk factor for abdominal obesity, hypertriglyceridemia, low HDL-C, hypertension and metabolic syndrome. In general, subclinical hypothyroidism and overt hypothyroidism were risk factors for metabolic syndrome. However, subclinical hyperthyroidism had no effect on metabolic syndrome or its components.

TSH levels were divided into quartiles in the euthyroid control group, and the association between TSH levels and components of the metabolic syndrome were analyzed (Table 4). The risk of metabolic syndrome in men increased with TSH levels at the lower limit of the normal range (0.27-1.25 mIU/L). The risk of abdominal obesity in women increased significantly with TSH levels at the upper limit of the normal range (3.21-4.20mIU/L).


Table 4 | Risk of metabolic syndrome associated with TSH levels in the euthyroid group.





The Influence of Female Menopause on the Relationship Between Thyroid Function and Metabolic Syndrome

The female population was further divided into pre- and post-menopausal groups, and binary logistic regression was used to investigate the effects of changes in thyroid function on the risk of metabolic syndrome before and after menopause (Table 5). After adjusting for age, ethnicity, education, occupation, annual income, smoking history, and other metabolic factors, overt hyperthyroidism was a risk factor for hypertension and hyperglycaemia in women before menopause. However, the effect of overt hyperthyroidism disappeared after menopause. Subclinical hypothyroidism increased the risk of abdominal obesity, hypertension, hypertriglyceridemia, low HDL-C and metabolic syndrome before menopause, but these effects were not observed after menopause. Subclinical hypothyroidism was associated with hypertension before and after menopause. Overt hypothyroidism was significantly associated with abdominal obesity, hypertriglyceridemia and metabolic syndrome before menopause, and these effects persisted after menopause.


Table 5 | Risk of metabolic syndrome associated with thyroid function in women before and after menopause.






Discussion

The prevalence of cardiovascular events and stroke and the risk of death in Chinese patients with metabolic syndrome are 2 ~ 3 times higher than Chinese people without metabolic syndrome. Non-diabetic patients with metabolic syndrome have a five-fold increased risk of developing type 2 diabetes compared to nondiabetic patients without metabolic syndrome. Early intervention and diagnosis of metabolic syndrome are key in the prevention of diabetes and cardiovascular and cerebrovascular diseases. Accumulated evidence suggests that thyroid dysfunction affects lipid and glucose metabolism, blood pressure, and body weight, which are associated with various metabolic parameters and may lead to the development or deterioration of components of metabolic syndrome (16).

The present cross-sectional study based on TIDE data found that thyroid function status affected metabolic syndrome and its components differently in the general population. The prevalence of metabolic syndrome in men was generally higher than women, and the prevalence of metabolic syndrome in women with overt hypothyroidism was highest. Overt hyperthyroidism had a more obvious effect on men’s metabolism than women’s metabolism. Women’s metabolic status was more sensitive to overt and subclinical hypothyroidism than men’s metabolic status. Further studies found that the effect of hypothyroidism on the prevalence of metabolic syndrome in women was primarily due to changes in lipid metabolism and increased risks of abdominal obesity and hypertriglyceridemia. Overall, women with hypothyroidism have a higher risk of metabolic syndrome than men. Our study further found different effects of thyroid dysfunction on metabolic syndrome and its components before and after menopause. The effects of overt hyperthyroidism, subclinical hypothyroidism and overt hypothyroidism on metabolic syndrome and its components primarily occurred in women before menopause. Postmenopausal women with subclinical hypothyroidism had increased risks of hypertension and abdominal obesity, and women with overt hypothyroidism had increased risks of hypertriglyceridemia and metabolic syndrome.

Most previous studies suggested that increased serum TSH levels were associated with metabolic syndrome. Lee Yeo Kyung et al. found that serum TSH concentrations within the normal reference range were significantly positively correlated with the prevalence of metabolic syndrome in Korea (20). Bensenor Isabela M et al. examined 10,935 participants from Brazil and found that high TSH was closely related to metabolic syndrome (21). However, Huang CY et al. found that serum TSH levels were not correlated with metabolic syndrome, a relatively high serum T3 concentration had a strong correlation with metabolic syndrome, and a relatively low serum T4 concentration had no obvious correlation with metabolic syndrome (22). Differences in these results may be explained by the fact that most of these studies evaluated the effects of TSH level on metabolic syndrome rather than thyroid dysfunction as a whole. One section of the study analyzed only components of metabolic syndrome associated with serum TSH levels, and another section analyzed TSH, FT3 and FT4 as variables. The relationship between TSH, FT3, and FT4 and metabolic parameters is complex and may be limited by age, sex, nationality and many other factors. Because the distribution of these factors in different populations varies greatly, the conclusions cannot generalized to the general population.

Metabolic syndrome is subject to sex heterogeneity, and the disease characteristics in men and women are different. Our results showed that abnormal lipid metabolism may be the key reason for the difference in the risk of metabolic syndrome between the two sexes. Especially in postmenopausal women, overt and subclinical hypothyroidism primarily affected the risk of metabolic syndrome by increasing the risks of abdominal obesity (OR=1.711) and hypertriglyceridemia (OR=1.526). The secretion of sex hormones changes significantly in perimenopausal women. Oestrogen secretion is decreased due to altered ovarian function, and the secretion of androgens from the adrenal cortex is only mildly affected. Sex hormones influence lipid accumulation patterns and differ between men and women. Premenopausal women are prone to peripheral obesity, accompanied by hypodermic and adipose accumulation, and men and postmenopausal women easily accumulate abdominal fat, resulting in central obesity. The risks of abdominal obesity, cardiovascular disease-related mortality, and the development of type 2 diabetes increase (23). There is a sex difference in the relationship between thyroid dysfunction and lipid level (24, 25). After menopause, women have increased levels of follicle-stimulating hormone (FSH). Serum FSH levels are positively correlated with serum TC levels, and the incidence of hypercholesterolemia in perimenopausal women is significantly higher than premenopausal women (26). Although subclinical hypothyroidism is associated with obesity and hypertriglyceridemia in women before menopause, the correlation disappeared in women after menopause, which suggests that the effects of gonadotropin on the components of metabolic syndrome in women may be stronger than TSH.

The mechanism of the association between thyroid dysfunction and metabolic syndrome is not fully understood. Insulin resistance due to thyroid dysfunction may be an important cause and basis of metabolic syndrome. Hyperthyroidism may result in insulin resistance because hyperthyroidism is associated with the catabolism of excessive thyroid hormones, which may affect components of metabolic syndrome, such as body weight and lipid levels, and hypothyroidism is associated with reduced insulin sensitivity. The explanation for this apparent contradiction may lie in the different effects of thyroid hormones on the liver and peripheral tissues (27). Thyroid hormones simultaneously act as insulin agonists (in the muscle) and antagonists (in the liver) in different organs, and excess thyroid hormone (or possibly deficiency) disrupts the balance and leads to hepatic insulin resistance primarily resulting in increased glucose output and glycogen decomposition and glucose intolerance. However, thyroid function is also associated with lipid metabolism. Patients with overt hypothyroidism and subclinical hypothyroidism are prone to disorders of blood lipid metabolism. Hypothyroidism causes an increase in weight. TSH is positively correlated with BMI and obesity. TSH and BMI increase simultaneously in obese patients (28), and the prevalence of hypertriglyceridemia and low HDL-C level also increases (10, 29). The effect on HDL-C may be due to changes in the activity of liver lipase and cholesterol ester transfer protein (30).

Our study has several advantages. First, the data in this study were obtained from the TIDE project database, which covers all provinces in mainland China and had a sufficient sample size and representativeness. This study analyzed the relationship between thyroid function and metabolic syndrome from the perspective of thyroid function status: normal thyroid function, overt hyperthyroidism, subclinical hyperthyroidism, subclinical hypothyroidism, and overt hypothyroidism.

There are many limitations in this study. First, serum TSH was measured in all participants, and FT4 and FT3 were measured in only some patients with abnormal thyroid function. Insulin and sex hormone levels were not measured. Therefore, it was not possible to individually analyze these influencing factors. Second, because this study was a cross-sectional study rather than a cohort study, the causal inference between thyroid function and metabolic syndrome cannot be confirmed, and further prospective studies should be performed to elucidate causality.

In conclusion, thyroid dysfunction was associated with metabolic syndrome, and the association differed by sex. Overt hypothyroidism and subclinical hypothyroidism were associated with an increased risk of metabolic syndrome, especially in postmenopausal women. The change may be due to the effect of TSH on blood lipids. To determine the significance of early detection of thyroid dysfunction, particularly in the subclinical form, and the long-term association with metabolic syndrome in different age, sex, and BMI groups, large-population follow-up cohort studies and studies with longer follow-up periods are needed. Reasonable, early interventions should be performed in women with hypothyroidism and menopausal women.
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