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Abstract

Objective: The aim of this study was to elaborate the link of thyroid hormones (THs) and Key Words
metabolic syndrome (MetS) in a Chinese euthyroid employee population with MetS » euthyroid
component(s). » thyroid stimulating
Methods: An annual health checkup was performed on employees in 2019. hormone
Anthropometric parameters, metabolic parameters, and thyroid function were > free triiodothyronine
measured. A questionnaire was used in conjunction with Zhenhai Lianhua Hospital > free thyroxine
database to receive employees' medication records and thyroid surgical history records. ~ » metabolic syndrome

Results: A total of 5486 eligible employees were included; the prevalence of MetS was
generally higher in males than in females (38.9 vs. 30.4%, P < 0.001). Among employees
with central obesity, hypertriglyceridemia, hyperglycemia, hypertension, and low high-
density lipoprotein cholesterol (HDL-C), the prevalence of MetS was 68.8, 63.6, 68.2,
48.8, and 60.0% in males and 72.6, 63.3, 61.3, 42.3, and 42.3% in females, respectively.
Logistic regression analysis showed that thyroid-stimulating hormone and free thyroxine
(FT4) quartiles had no significant impact on MetS. Free triiodothyronine/free thyroxine
(FT3/FT4) and free triiodothyronine (FT3)) quartiles were positively associated with the
increased odds ratio (OR) for MetS and dyslipidemia (hypertriglyceridemia and low
HDL-C), regardless of gender. In males, FT3 and FT3/FT4 quartiles were positively
associated with the OR for central obesity, whereas FT4 quartiles were negatively
associated; both FT3 and FT4 quartiles were positively associated with increased OR of
hyperglycemia, while similar results were not observed in females. Interaction analysis
indicated no significant effect of gender and TH interactions on risk of MetS.

Conclusion: High FT3 and FT3/FT4 were strongly linked with MetS and dyslipidemia in our
study, even in the euthyroid individuals. Tighter control of thyroid function was necessary
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for those with preexisting MetS component(s). (2023) 12, €220424
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Introduction

Metabolic syndrome (MetS) is defined as a cluster
of cardiovascular risk factors that occur together in
individuals (1). It is diagnosed when the individual
has three or more of its components (central obesity,
hypertension, hypertriglyceridemia, hyperglycemia,
and low high-density lipoprotein cholesterol (HDL-
C)). Although not a specific disease, MetS is a complex
pathophysiologic state in which multiple risk factors
converge to add the risk of many familiar diseases (2).
With the growing number of individuals with obesity,
dyslipidemia, type 2 diabetes, and hypertension all over
the world, MetS has gradually become a serious concern
for global public health (3). Alarmingly, one-third of the
general population was reported to have MetS (4).

Thyroid hormones (THs) are vital hormones that
regulate the metabolism of substances (5) and therefore
affect MetS and its components by regulating energy
homeostasis, lipid metabolism, and gluconeogenesis.
However, the association between THs and MetS in the
euthyroid population is still controversial. A survey of
20,053 euthyroid Korean adults found that neither serum
thyroid stimulating hormone (TSH) nor free thyroxine
(FT4) was significantly associated with MetS (6). Mehran
et al. argued that FT4, but not TSH, was associated with
the development of MetS and its components (7), while
Ruhla et al. found that high normal TSH was associated
with an increased risk of MetS (8). More importantly,
there are limited relevant findings in the euthyroid
population with MetS component(s) (9), as most of the
above literature reports are from the general population.
We choose these specific individuals because MetS was
more prevalent than general population. In a study of
15,048 adults in Korea, among those with body mass
index (BMI) < 27.5, 22.6% had MetS, but the percentage
rose to 65.4% among those with BMI > 27.5 (10). The
percentage of MetS among type 2 diabetic patients in
sub-Saharan African countries was up to 59.62% (11).
Consequently, it is appropriate to be more concerned
with the prevention of MetS in these individuals.

The Zhejiang Zhenhai study has been well
documented in the previous literature (12, 13, 14, 15).
These studies covered a variety of health checkup items,
such as carotid, thyroid, liver, blood pressure, and uric
acid, and provide valuable advice to workers on the
early management of many diseases. The association
of MetS and its components and THs is controversial as
described above, and its evaluation in different regions
and ethnicities is of importance. This study is part of the

2019 Zhejiang Zhenhai study, and the aim was to discuss
the relationship between TSH, free triiodothyronine
(FT3), FT4, and FT3/FT4 levels within the normal range
with MetS and its components. In light of the findings,
we further propose how to better manage thyroid
function in specific populations such as hypertension,
dyslipidemia, hyperglycemia, and central obesity to
provide a basis for early prevention of MetS.

Materials and methods
Participants

Asin the previous Zhejiang Zhenhai study (15), all active
and retired employees (a total of 11,986, age range 20-99
years old) of Zhenhai Refining & Chemical Company
(Ningbo, China) were invited to participate. Employees
who volunteered to participate in the 2019 Zhejiang
Zhenhai study (n=10,569) were included in this study,
and the exclusion criteria were: (i) employees who did
not agree to participate in this study; (ii) employees who
were diagnosed with thyroid disease; (iii) employees
who have taken glucocorticoids and amiodarone within
the recent month; (iv) employees who refused or did
not undergo biochemistry and thyroid function tests;
(v) employees who had abnormal TSH, FT3, and FT4;
(vi) employees without MetS components; and (vii)
employees aged 75 years or older. The specific details of
the screening procedures are shown in Fig. 1. This study
was complied with the Declaration of Helsinki and
authorized by the Ethics Committee of the Affiliated
Hospital of Ningbo University School of Medicine
(approval number: KY20181209). After full explanation
of the purpose of the study, all participants were given
written informed consent.

Questionnaire

A questionnaire was administered by endocrinology
specialists to the 10,569 employees who were identified
for the health checkup to exclude those with diagnosed
thyroid disease. The questionnaire covers four items
about the thyroid: (i) ‘Have you ever had a history of
thyroid surgery?’, (ii) ‘Have you taken or are you taking
thyroxine medication?’, (iii) ‘Have you taken or are you
taking thiamazole or propylthiouracil medication?, and
(iv) ‘Have you taken amiodarone or glucocorticoids (two
common drugs affecting thyroid function) within the
recent month?’.
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Other relevant information collection

We screened out participants with records of glucose-
lowering drugs, lipid-lowering drugs, blood-lowering
drugs, or previous diagnosis of hypertension,
hypertriglyceridemia, low HDL-C, and diabetes mellitus
through a computerized database in Zhenhai Lianhua
Hospital. These participants were assessed as having
diagnosed hypertension, hypertriglyceridemia, low HDL-
C, and hyperglycemia. According to the department to
which the employee belongs, the work intensity of the
employee was classified as light, moderate, and vigorous,
and the retired employee was classified as light.

Measurement indicators

Anthropometric data of the employees, including height,
weight, pulse, waist circumference (WC), systolic blood
pressure (SBP), and diastolic blood pressure (DBP), were
recorded in the medical examination report. Standing
height and weight were measured in light clothing and
without shoes. Height and weight measurements were

Figure 1
Flowchart of the screening of research subjects.

made using the standard height- and weight-measuring
instrument HGM-700 (Sheng Yuan, Zhengzhou, China).
BMI=weight (kg)/height (m)2. WC was measured
midway between the lowest rib and the iliac crest in the
standing position during calm breathing. Blood pressure
was measured on the right upper arm brachial artery in
the quiet sitting position using the Omron HEM-7052
electronic sphygmomanometer (Omron Corp., Kyoto,
Japan). Each employee was informed about fasting for at
least 8 h or overnight before the physical examination,
having their blood drawn intravenously by a professional
nurse on the morning of the physical examination,
and having their thyroid function tested through a
blood sample. TSH, FT3, and FT4 were detected by
professional testers with a DXI800 chemiluminescence
immunoassay analyzer (BeckmanCoulter, Brea, CA,
USA) and configured kits and reagents; the detection
method was chemiluminescence immunoassay. The
normal ranges of TSH, FT3, and FT4 were 0.3-4.7 mU/L,
4.0-8.3 pmol/L, and 9.0-28.0 pmol/L, respectively (14).
The inter-assay coefficients of variation for the THs
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were as follows: TSH, 4.39% at a mean concentration of
1.14 mU/L; FT3, 7.78% at a mean concentration of 6.30
pmol/L; and FT4, 7.15% at a mean concentration of 16.37
pmol/L. Routine biochemical data including various
metabolic parameters were tested using an Olympus
AU640 automated analyzer (Olympus). Determination of
serum triglycerides (TGs) was done by enzyme-coupled
colorimetric method, HDL-C by direct method, and
fasting blood glucose (FBG) by glucokinase method.

Diagnostic criteria

The diagnostic criteria of MetS were according to a Joint
Interim Statement, in combination with the actual
situation of WC in the Chinese population (1, 16). For
each component, the diagnostic criteria were as follows:
(i) central obesity (WC > 90 cm in males and > 85 c¢m
in females), (ii) hypertriglyceridemia (TGs > 1.7 mmol/L
(150 mg/dL) or have received lipid-lowering medication
or previously diagnosed hypertriglyceridemia), (iii)
low HDL-C (HDL-C < 1.0 mmol/L in males and < 1.3
mmol/L in females or previously diagnosed low HDL-
C), (iv) hypertension (SBP > 130 mmHg or DBP > 85
mmHg or have received anti-hypertensive medication

Table 1 General characteristics of study population.

or previously diagnosed hypertension), and (v)
hyperglycemia (FBG > 5.6 mmol/L or have received
glucose-lowering medication or previously diagnosed
diabetes mellitus). If any three or more of the above five
items are met, the diagnosis of MetS was made. In the
meantime, according to the questionnaire, employees
with diagnosed thyroid disease included those who
have taken or are taking thyroxine tablets alone
(hypothyroidism), those who have taken or are taking
anti-thyroid medication (hyperthyroidism), andthose
with a history of thyroid surgery. Among those without
thyroid disease, euthyroid was defined as TSH, FT3, and
FT4 within the normal range.

Statistical analysis

The employees were grouped according to gender and
THs quartile levels. The ranges of four TH parameters
quartiles in males and females are presented in
Supplementary Table 1 (see section on supplementary
materials given at the end of this article). Continuous
variables are expressed as means * s.D., and categorical
variables are expressed as percentages (%). Categorical
variables were compared across quartiles by using chi-

Variables All (n =5486) Males (n =4139) Females (n =1347) tl? P-value
Age (years) 53.24 +12.50 51.89+12.68 57.41 +10.93 14.35 <0.001
BMI (kg/m?) 23.84+2.97 24.20 + 2.86 22.73 +3.01 16.22 <0.001
SBP (mmHg) 132.71 + 15.57 133.21 +15.06 131.18 £ 16.95 418 <0.001
DBP (mmHg) 80.94 + 10.59 82.19+10.32 77.10 £10.52 15.67 <0.001
WC (cm) 84.64 + 8.88 86.76 £ 7.99 78.14 £ 8.27 34.10 <0.001
FBG (mmol/L) 5.39+1.22 5.41+1.28 5.33+0.98 2.10 0.036
TG (mmol/L) 1.77 £1.15 1.84+1.24 1.54 +0.81 8.33 <0.001
HDL-C (mmol/L) 1.15+0.33 1.10 £ 0.31 1.33+0.35 23.17 <0.001
TSH (mU/L) 1.79 £ 0.81 1.73+£0.79 1.96 £ 0.85 8.91 <0.001
FT3 (pmol/L) 5.22 +0.55 5.29+0.54 5.03+0.52 15.69 <0.001
FT4 (pmol/L) 11.41£1.33 11.46 £1.35 11.27 £1.25 4.43 <0.001
FT3/FT4 ratio 0.46 + 0.067 0.47 £ 0.067 0.45 + 0.064 7.93 <0.001
Glucose-lowering drug therapy, n (%) 255 (4.6%) 179 (4.3%) 76 (5.6%) 3.98 0.046
Lipid-lowering drug treatment, n (%) 477 (8.7%) 311 (7.5%) 166 (12.3%) 29.61 <0.001
Blood-lowering drug treatment, n (%) 728 (13.3%) 517 (12.5%) 211 (15.7%) 8.89 0.003
Work intensity

Light, n (%) 3376 (61.5%) 2224 (53.7%) 1 152 (85.5%) 433.9 <0.001

Moderate, n (%) 854 (15.6%) 773 (18.7%) 1(6.0%) 124.0 <0.001

Vigorous, n (%) 1256 (22.9%) 1142 (27.6%) 1 14 (8.5%) 210.6 <0.001
MetS, n (%) 2021 (36.8%) 1612 (38.9%) 409 (30.4%) 32.17 <0.001
Central obesity, n (%) 1835 (33.4%) 1550 (37.4%) 285 (21.2%) 121.16 <0.001
Hypertriglyceridemia, n (%) 2567 (46.8%) 2027 (49.0%) 540 (40.1%) 32.22 <0.001
Low HDL-C, n (%) 2657 (48.4%) 1896 (45.8%) 761 (56.5%) 46.48 <0.001
Hypertension, n (%) 3704 (67.5%) 2853 (68.9%) 851 (63.2%) 15.33 <0.001
Hyperglycemia, n (%) 1430 (26.1%) 1094 (26.4%) 336 (24.9%) 1.17 0.280

BMI, body mass index; DBP, diastolic blood pressure; FBG, fasting blood glucose; FT3, free triiodothyronine; FT4, free thyroxine; HDL-C, high-density
lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride; TSH, thyroid-stimulating hormone; WC, waist circumference.
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Table 2 The relationship between thyroid hormones and metabolic paraments.

TSH FT3 FT4 FT3/FT4

B Pvalue B Pvalue B Pvalue B Pvalue
Males
SBP (mmHg) -0.014 0.409 0.037 0.020 0.020 0.228 0.014 0.391
DBP (mmHg) -0.002 0.925 0.068 <0.001 -0.015 0.351 0.061 <0.001
WC?@ (cm) 0.020 0.200 0.100 <0.001 -0.035 0.024 0.101 <0.001
FBG (mmol/L) -0.019 0.228 0.023 0.136 0.091 <0.001 -0.049 0.002
TG (mmol/L) 0.041 0.010 0.070 <0.001 -0.106 <0.001 0.134 <0.001
HDL-C (mmol/L) -0.039 0.018 -0.064 <0.001 0.017 0.297 -0.058 <0.001
Females
SBP (mmHg) -0.008 0.791 0.037 0.219 0.025 0.410 0.006 0.839
DBP (mmHg) 0.050 0.069 0.055 0.053 0.029 0.305 0.018 0.526
WC? (cm) 0.053 0.061 0.078 0.006 -0.027 0.338 0.072 0.010
FBG (mmol/L) -0.041 0.145 0.046 0.010 0.088 0.002 -0.028 0.325
TG (mmol/L) 0.016 0.577 0.126 <0.001 -0.147 <0.001 0.204 <0.001
HDL-C (mmol/L) -0.029 0.307 -0.079 0.005 0.025 0.369 -0.077 0.006

Model adjusting for age, BMI, and work intensity. 2Adjusting for age and work intensity. 8, standardized coefficients.

square tests. Continuous variables were compared
between two groups by using independent samples t-test.
After adjusting for age, work intensity, and/or BMI, a
multiple linear regression model was established with
metabolic parameters as independent variables and
thyroid parameters as dependent variables to analyze
whether there was a linear correlation. Multivariable-
adjusted logistic regression was used to estimate the
risk of MetS and its components according to the TSH,
FT3, FT4, and FT3/FT4 quartiles (Tables 3, 4 and 5); the
odds ratios (ORs) and 95% confidence intervals were

calculated after adjusting for age, work intensity, and
(or) BMI. Sex-interaction analyses were used to test
for significant differences of the association estimated
between males and females. The ORs in the model were
therisk of MetS for males compared to females at the same
TH quartile level. Gender in the role of THs in the effect
of MetS was estimated by the addition of an interaction
term to the relevant adjusted logistic regression model.
All data analyses were two tailed, and P-value < 0.05 was
considered statistically significant. All statistical analyses
was performed with SPSS version 26.0 (IBM).

Table 3 Risk of having MetS in thyroid hormone quartiles by gender.

Thyroid hormone Males Females

quartiles Adjusted OR (95% Cl) P-value P-value for trend Adjusted OR (95% Cl) P-value P-value for trend
TSH

Quartile 1 (reference) 1.000 0.779 1.000 0.914
Quartile 2 0.976 (0.801, 1.189) 0.811 0.669 (0.453, 0.987) 0.043

Quartile 3 0.922 (0.755, 1.125) 0.423 1.008 (0.690, 1.473) 0.966

Quartile 4 0.988 (0.811, 1.205) 0.909 0.895(0.614, 1.303) 0.561

FT3

Quartile 1 (reference) 1.000 <0.001 1.000 0.001
Quartile 2 0.951 (0.775, 1.165) 0.626 1.412(0.947, 2.105) 0.090

Quartile 3 1.489 (1.219, 1.818) <0.001 1.697 (1.141, 2.524) 0.009

Quartile 4 1.416 (1.192, 1.791) <0.001 1.852 (1.253, 2.736) 0.002

FT4

Quartile 1 (reference) 1.000 0.110 1.000 0.093
Quartile 2 0.852(0.701, 1.035) 0.106 1.022 (0.703, 1.487) 0.907

Quartile 3 0.870(0.714, 1.060) 0.167 0.732(0.500, 1.073) 0.110

Quartile 4 0.838 (0.687, 1.022) 0.081 0.792 (0.539, 1.164) 0.236

FT3/FT4

Quartile 1 (reference) 1.000 <0.001 1.000 0.003
Quartile 2 1.097 (0.896, 1.343) 0.370 1.369 (0.923, 2.030) 0.118

Quartile 3 1.349 (1.104, 1.649) 0.003 1.405 (0.949, 2.082) 0.090

Quartile 4 1.435(1.174, 1.754) <0.001 1.815(1.238, 2.660) 0.002

Model adjusting for age, BMI, and work intensity.
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Results
Baseline characteristics of the study population

A total of 5486 employees (age range, males: 25~74
years old, females: 26~74 years old) were enrolled in our
study, of which 4139 were males and 1347 were females.
The characteristics of males and females are presented
separately in Table 1. Even though males were younger
than females, they appeared to have more unfavorable
metabolic profiles, such as higher BMI, SBP, DBP, FBG, TG,
WC, and lower HDL-C (all P < 0.05). As a consequence,
males had a significantly higher prevalence of MetS
(38.9%), central obesity (37.4%), hypertriglyceridemia
(49.0%), and hypertension (68.9%) but a significantly
lower prevalence of low HDL-C (45.8%); all differences
were statistically significant (P < 0.001). Conversely,
males have a significantly lower percentage of medication
treatment than females. Moreover, the prevalence of MetS
in employees with central obesity, hypertriglyceridemia,
low HDL-C, hypertension, or hyperglycemia was 68.8,
63.6, 60.0, 48.9, and 68.2% in males and 72.6, 63.3, 42.3,
42.3, and 61.3% in females, respectively. Considering
these differences, in the following analysis, we explore
men and women separately.

The relationship between TSH and MetS and
its components

After adjustment of age, work intensity, and/or BMI, TSH
was positively correlated with TG (8=0.041, P=0.010)
and negatively correlated with HDL-C (8=0.039,
P=0.018) in males and not correlated with any metabolic
parameters in females (Table 2). Furthermore, TSH has no
significant effect on the risk of MetS and its components
regardless of gender (Tables 3, 4, and S5). Multivariable-
adjusted logistic regression in Tables 4 and 5 showed
that after adjustment of age, work intensity, and (or)
BMI, only the OR of hyperglycemia in the fourth
quartile was significantly lower than that in the first
quartile (P=0.049), and the OR tended to decrease as the
quartile increased in females (P for trend=0.035), but
there was no statistically significant difference in males
(P for trend =0.080). However, TSH quartiles were not
significantly associated with the risk of MetS (males: P for
trend =0.779, females: P for trend =0.914, Table 3).

The relationship between FT3, FT4, FT3/FT4 and
MetS and its components

Interestingly, the data in Tables 3, 4 and 5 showed that
elevated FT3 and FT3/FT4 increased the OR of MetS and

dyslipidemia (low HDL-C and hypertriglyceridemia)
in both males and females (all P for trend < 0.05).
Conversely, we found that higher FT4 quartiles within
the normal range were related with lower OR of low
HDL-C and hypertriglyceridemia in females and that
the risk tended to decrease as FT4 quartile increased (all
P for trend < 0.05). In males, FT4 was also negatively
associated with the risk of hypertriglyceridemia (P for
trend < 0.001), and only in the fourth FT4 quartile
a significant lower OR of low HDL-C was observed
(P < 0.001). However, trend analysis could not produce
a significant downward trend between the FT4 quartiles
and the risk of low HDL-C (P for trend=0.792). In
line with this, Table 2 also confirmed the correlation
between FT3, FT4, FT3/FT4 and lipid parameters (TG
and HDL-C). In detail, FT3 and FT3/FT4 were positively
associated with TG and negatively associated with HDL-
C, while FT4 was negatively associated with TG and not
significantly associated with HDL-C. In males, FT3 and
FT3/FT4 quartiles were also positively associated with the
OR of central obesity and FT4 quartiles were negatively
associated (all P for trend < 0.01), while in females they
were not. Moreover, FT3 and FT4 were also positively
associated with an increased OR of hyperglycemia in
males (both P for trend < 0.05).

Sex-interaction analysis

Table 6 revealed that after adjusting for age, BMI, and
work intensity, the risk of MetS was generally higher in
males than in females, with no significant interaction
between gender and THs effects on MetS (all P value for
interaction > 0.05).

Discussion

This study was part of the Zhejiang Zhenhai study,
initiated in 2019, and aimed to explore the relationship
between TH parameters and MetS and its components
in a euthyroid employee population with unfavorable
metabolic profiles. The main results were as follows: (i)
in both genders, TSH and FT4 levels had no significant
effect on MetS but elevated FT3 and FT3/FT4 significantly
increased the risk of MetS as well as dyslipidemia; (ii)
only in males, elevated FT3, FT3/FT4, and reduced FT4
increased the risk of central obesity and elevated FT3, and
FT4 increased the risk of hyperglycemia.

As previous studies have confirmed certain
disparities in the prevalence of MetS and its components
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Table 6 Associations of MetS with gender in subgroups of subjects stratified by thyroid hormone quartiles.

Males
Thyroid hormone quartiles Mets % Adjusted OR (95% Cl) P-value P-value for interaction
TSH
Quartile 1 36.5% (498/1364) 1.267 (0.930, 1.728) 0.134 0.896
Quartile 2 35.3% (486/1376) 1.686 (1.224, 2.322) 0.001
Quartile 3 37.2% (506/1362) 1.031 (0.749, 1.420) 0.851
Quartile 4 38.4% (531/1384) 1.298 (0.956, 1.763) 0.094
FT3
Quartile 1 32.3% (437/1352) 1.485 (1.069, 2.063) 0.018 0.854
Quartile 2 33.9% (455/1342) 0.944 (0.683, 1.306) 0.729
Quartile 3 39.8% (553/1390) 1.515(1.117, 2.055) 0.008
Quartile 4 41.1% (576/1402) 1.358 (0.999, 1.846) 0.051
FT4
Quartile 1 41.1% (558/1359) 1.319(0.969, 1.796) 0.078 0.586
Quartile 2 37.8% (521/1378) 1.012(0.745, 1.375) 0.937
Quartile 3 34.5% (475/1376) 1.513(1.106, 2.069) 0.010
Quartile 4 34.0% (467/1373) 1.430 (1.031, 1.982) 0.032
FT3/FT4
Quartile 1 31.8% (436/1369) 1.392 (1.007, 1.924) 0.045 0.932
Quartile 2 34.3% (472/1375) 1.143 (0.834, 1.567) 0.405
Quartile 3 39.2% (537/1369) 1.481 (1.084, 2.025) 0.014
Quartile 4 42.0% (576/1373) 1.227 (0.906, 1.663) 0.187

Model adjusting for age, BMI, and work intensity.

by gender, we discuss each gender separately in this
study. Physical activity level (work intensity was used
instead in this study), age, and BMI in particular are
known to significantly influence thyroid parameters
and metabolic characteristics; so we adjusted for these
three factors in our regression model. In addition, the
literature recommended establishing age-sex specific TH
reference ranges for people over 75 years of age because
of their wide individual differences (17); for this, we
excluded elderly people aged over 75 years. Of these 5486
eligible employees, 36.8% had MetS, which was actually
higher than several occupational population surveys (18,
19). Apart from the fact that the study population itself
had unfavorable metabolic characteristics, this was also
related to the high percentage of retired employees in
the structure of the study population (20). Furthermore,
employees with central obesity were more susceptible
to MetS. It was undeniable that obesity played an
instrumental role in MetS. IDF's diagnostic criteria for
MetS published in 2005 even emphasized that central
obesity was essential (21).

THs have an essential effect on hepatic fatty acid
and cholesterol anabolism and therefore have a close
relationship with dyslipidemia (22). Dyslipidemia
was proved to be common in people with thyroid
dysfunction, especially hypothyroidism and subclinical
hypothyroidism (23, 24). In the present survey, we
observed a strong correlation between normal range

THs and dyslipidemia. First, FT3, FT4, and FT3/FT4
were associated with lipid parameters in both genders.
Second, elevated FT3 and FT3/FT4 and decreased
FT4 were positively associated with increased ORs of
hypertriglyceridemia and low HDL-C. These findings
implied that the impact of THs on lipid metabolism
extends into the range of normal thyroid function.
Although high TSH was associated with unfavorable
lipid metabolism (25), this relationship was not observed
within the normal range in this study. Some researches
supported our view. Mehran et al. concluded that a
normal range of TSH was not significantly associated with
dyslipidemia after adjustment of relevant confounders
(7). Shin et al. also found no correlation between TSH and
dyslipidemia in a Korean female in their survey (6).

A lower basal metabolic rate (BMR) rate can lead to
obesity and overweight. It has been identified that THs
are a crucial regulator of BMR and that THs increase BMR
via increased production of ATP during metabolism and
maintenance of ionic gradients (5). Nevertheless, the
effect of a normal range of THs on weight was not well
understood. In this study, higher FT3 and FT3/FT4 and
lower FT4 increased the risk of central obesity; however,
this was not found in females, which may be related to the
protective effect of estrogen in females (26, 27).

The relationship between various THs and MetS
in euthyroid subjects has been inconsistent in recent
years. Two studies reported no association between
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FT4 levels and MetS in euthyroid Korean population
(6, 28), whereas Mehran et al. showed that higher FT4
was a protective factor for the development of MetS
in euthyroid adults (7). A study identified that those
with TSH levels between 2.5 and 4.5 mU/L had higher
BMI and TGs than those below 2.5 mU/L and increased
the risk of MetS by 1.7 times (8), while another study
considered that normal range TSH was not significantly
associated with MetS (29). Conflicting conclusions also
exist about FT3 (30, 31). In contrast, normal high values
of FT3/FT4 were consistently associated with increased
prevalence of MetS in recent studies (32, 33). Reasons
for the differences and uncertainties in the results of
these studies were related to differences in the study
populations, adjustment for different confounders, and
various diagnostic criteria for MetS. In our study, higher
FT3 and FT3/FT4 significantly increased the risk of MetS
in both genders. Males showed higher FT3 and FT3/FT4
at baseline characteristics and had more severe metabolic
profiles. In the above, it is clear that the overconversion
of FT4 to FT3 observed in our study was closely bound
to unfavorable metabolic characteristics, which was in
accordance with some findings (32, 33, 34). Recently,
a large data survey suggested increased conversion of
FT4 to FT3 with age (35); this change may contribute to
account for the high prevalence of MetS in the elderly.
Previous studies have shown that higher FT3/FT4 and FT3
and lower FT4 were positively associated with increased
risk of insulin resistance (IR) (30, 36, 37), and IR made a
crucial contribution to the development of the MetS (38).
FT3 had been proved in many studies to be positively
correlated with unfavorable metabolic parameters, while
FT4 was negatively correlated (31, 34, 39). In addition,
metabolic disorders itself may also have a negative impact
on thyroid function, with increased deiodinase activity in
poor metabolizers and obese people, thus promoting the
conversion of FT4 to FT3 (34). Hyperleptinemia in obese
patients may have an adverse effect on lipid metabolism
through the action of the hypothalamic-pituitary-
thyroid axis (40); however, further research is needed
to confirm these mechanisms. Interestingly, we found
that normal range FT4, despite affecting components of
MetS, did not significantly reduce the risk of MetS after
adjusting for confounding factors. This may be due to the
fact that the activity of FT4 in circulation was much lower
than that of FI3, suggesting that slight changes in FT4
within the normal range have a lower predictive value for
MetS than FT3 and FT3/FT4.

This study inevitably has the following deficiencies.
First, due to the cross-sectional study, although we found

that THs were associated with MetS and its components,
we could not confirm the causal relationship. As
this study population is relatively stable, prospective
longitudinal studies can be carried out in the future
to further explore; secondly, information on relevant
confounders such as smoking, alcohol consumption,
diet, and menopause was not available. Furthermore,
the health check at Zhenhai Lianhua Hospital did not
include thyroid autoantibody test, and so we were unable
to discuss the effect of thyroid autoantibodies (thyroid
peroxidase antibodies (TPOAb) and thyroglobulin
antibody (TgAb)) on the prevalence of MetS and its
components in this population.

In summary, we confirmed that THs, even in the
normal range, were strongly associated with the MetS
and its components in this employee population. The
increased conversion of FT4 to FI3 appeared to be an
adverse metabolic profile. At the same time of reducing
blood pressure, lipid, glucose, and weight for these
individuals, stricter control of the upper limit of FT3
may be beneficial in reducing the risk of MetS, and
more multicenter, large studies should be conducted to
establish reasonable FT3 values for individuals with MetS
component(s).
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