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Abstract
Background: Obesity is closely related to thyroid hormones; however, the relationship be-
tween abdominal fat distribution and thyroid hormones has rarely been explored. Objectives: 
This study aimed to explore the relationship between abdominal fat distribution and free tri-
iodothyronine (FT3) and FT3 to free thyroxine (FT4) ratio (FT3/FT4) in a euthyroid population. 
Methods: The present study enrolled 1,036 participants (age range 27–81 years; 445 men and 
591 women). The visceral fat area (VFA) and the subcutaneous fat area (SFA) were determined 
by magnetic resonance imaging. FT3, FT4, and thyroid-stimulating hormone were measured 
by an electrochemical luminescence immunoassay. Results: In both men and women, SFA in-
creased according to the increase of FT3 and FT3/FT4 tertiles (p for trend < 0.05), while VFA 
did not significantly change. In the multivariate stepwise regression analysis, SFA was inde-
pendently and positively related to FT3 in both men and women, the standardized β (95% CI) 
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were 0.183 (0.094, 0.272) (p < 0.001) and 0.089 (0.007, 0.171) (p = 0.033), respectively. Moreover, 
SFA was independently and positively related to FT3/FT4 in men, the standardized β (95% CI) 
was 0.196 (0.101, 0.290) (p < 0.001). However, VFA was not related to either FT3 or FT3/FT4 in 
both genders. Conclusions: Abdominal subcutaneous fat was independently related to in-
creased FT3 in a euthyroid population. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction

Over the past few decades, obesity has rapidly spread all over the world. Currently, nearly 
a third of the world population is overweight or obese, and China ranks first in the size of the 
obesity population [1]. Obesity, especially central obesity, is closely related to metabolic 
syndrome, type 2 diabetes, cardiovascular disease, cancer, and other diseases that pose 
serious health threats to the human body [2].

The pathogenesis of obesity includes an imbalance in energy metabolism. The thyroid 
hormone is closely related to obesity because of its essential role in modulating energy expen-
diture and appetite [3]. Free triiodothyronine (FT3), the active form of thyroid hormone, is 
converted from free thyroxine (FT4) in peripheral tissues. The conversion rate of FT4 to FT3 
can be expressed as FT3/FT4. A previous study has found that the serum FT3 level was 
increased in severely obese individuals [4]. Even in euthyroid populations, the body mass 
index (BMI), waist circumference (W), and fat percentage (fat%) were positively related to 
FT3 and FT3/FT4 [5–7]. BMI and W are simple parameters to evaluate obesity, and fat% 
represents the total body fat content; none of the parameters can describe the status of 
abdominal fat distribution. Differences in fat distribution pose different risks on the metab-
olism and the cardiovascular system [8]. Thus, it is important to explore the relationship 
between fat distribution and FT3 and FT3/FT4.

Magnetic resonance imaging (MRI) and computerized tomography are precise methods 
to measure abdominal fat and are internationally recognized [9]. Although several studies 
have explored the relationships between precise fat distribution parameters and FT3 [10–
13], there exist large discrepancies among the results. In this study, we aimed to explore 
whether the MRI-measured visceral fat area (VFA) and subcutaneous fat area (SFA) are 
related to FT3 and FT3/FT4 in a euthyroid population.

Materials and Methods

Subjects
The study recruited 1,036 community-based euthyroid participants, with an age range 

of 27–81 years, in Shanghai, China, from October 2015 to July 2016. Details about partic-
ipant recruitment and data collection were described in our previous study [14]. All 
subjects received complete questionnaires, physical examination, laboratory examination, 
and body content examination. Current smokers were defined as participants who smoked 
at least one cigarette per day over the past 6 months [15]. The exclusion criteria included 
a history of diabetes or cardiovascular disease, taking lipid-lowering, hypotensive, or other 
drugs that might influence the body weight or thyroid function, a history of thyroid disease 
with a thyroxine supplement or anti-thyroid therapy, severe kidney or liver dysfunction, 
moderate to severe anemia, malignancy or an intracranial mass lesion, acute infection, 
taking glucocorticoids, sex hormones, amiodarone or lithium, and abnormal thyroid 
function.
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Anthropometric and Biochemical Assessments
Height, body weight, and blood pressure measurements were performed according to 

previously described standard methods [14]. BMI was calculated as the body weight (kg) 
divided by the height squared (m2). Systolic blood pressure (SBP) and diastolic blood pressure 
(DBP) were measured as the mean blood pressure at 3 intervals of 3 min each.

After an overnight fast of 10 h, the subjects received a 75-g oral glucose tolerance test in 
the morning. The methods of measuring fasting plasma glucose (FPG), 2-h plasma glucose 
(2hPG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-c), 
low-density lipoprotein cholesterol (LDL-c), glycated hemoglobin A1c (HbA1c), and fasting 
insulin (FINS) were described in a previous study [14]. Homeostasis model assessment of 
insulin resistance (HOMA-IR) was used to evaluate the individual level of insulin resistance 
using the following formula: HOMA-IR = FINS (mU/L) × FPG (mmol/L) / 22.5 [16].

FT3, FT4, and thyroid-stimulating hormone (TSH) were measured with an electro-
chemical luminescence immunoassay on a Cobas e601 analyzer (Roche Diagnostics GmbH, 
Mannheim, Germany). The intra-assay coefficients of variation for FT3, FT4, and TSH were  
< 7.0%, < 5.0%, and < 3.0%, respectively. The inter-assay coefficients of variation for FT3, FT4, 
and TSH were < 8.0%, < 7.0%, and < 8.0%, respectively. The reference ranges for FT3, FT4, and 
TSH were 3.10–6.80 pmol/L, 12.00–22.00 pmol/L, and 0.27–4.20 mIU/L, respectively.

Measurement of Abdominal Fat Distribution
VFA and SFA were determined by a 3.0T MRI scanner (Archiva; Philips Medical System, 

Amsterdam, The Netherlands); the detailed method was described in a previous study [17].

Statistical Analysis
All data were analyzed by using the SPSS version 22.0 (SPSS, Inc., Chicago, IL, USA) statis-

tical software. A two-tailed p value < 0.05 was considered statistically significant. The 
Kolmogorov-Smirnov test was used to evaluate the normality of variables. Variables with a 
normal distribution were expressed as the mean ± standard deviation (SD). Variables with a 
skewed distribution were expressed as the median (interquartile range). Categorical vari-
ables were expressed as frequencies. For normally distributed variables, an independent 
sample t test was used to compare the difference between two groups, and one-way ANOVA 
was used for trend analysis. For skewed variables, the Wilcoxon rank-sum test was used to 
compare the difference between two groups, and the Kruskal-Wallis H test was used for trend 
analysis. For categorical variables, a χ2 test was used for comparison among groups. Spearman 
correlation analysis was used to explore correlations among variables. Multivariate stepwise 
regression analysis was used to explore independent factors for FT3 and FT3/FT4. When FT3 
or FT3/FT4 was considered as a dependent variable, the original model included SFA, VFA, 
BMI, and variables that were significantly related to FT3 or FT3/FT4 by the Spearman corre-
lation analysis. GraphPad version 7.0 software (GraphPad Software, Inc., La Jolla, CA, USA) 
was used for graphing figures.

Results

Clinical Characteristics of the Study Participants
The study finally included 1,036 euthyroid community-based participants with a mean age 

of 59 ± 8 years. There were 445 men and 591 women. The median BMI of the subjects was 23.55 
kg/m2 (21.62–25.71); SFA was 164.81 cm2 (128.17–210.53); VFA was 76.79 cm2 (53.63–104.38); 
FT3 was 4.93 pmol/L (4.60–5.30); FT4 was 16.51 pmol/L (15.28–17.69); and TSH was 2.16 
mIU/L (1.55–2.87). Regarding adiposity parameters, the men had a higher BMI and VFA than the 
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women did (24.08 kg/m2 [22.28–26.07] vs. 23.09 kg/m2 [21.19–25.36] and 89.00 cm2 [64.46–
120.15] vs. 67.11 cm2 [46.77–89.07], respectively [both p < 0.001]), while the women had a 
higher SFA than the men did (188.12 cm2 [151.75–234.21] vs. 137.20 cm2 [109.22–169.03] [p < 
0.001]). Regarding thyroid hormones, the men had higher FT3 and FT3/FT4 than the women did 
(5.21 pmol/L [4.89–5.48] vs. 4.74 pmol/L [4.47–5.07] and 0.31 pmol/L [0.29–0.34] vs. 0.29 
pmol/L [0.27–0.32], respectively [both p < 0.001]), while the women had higher TSH than the 
men did (2.26 mIU/L [1.62–3.02] vs. 2.04 mIU/L [1.47–2.71] [p < 0.001]).

Both men and women were divided into 3 groups according to FT3 tertiles (T1 < 5.02 
pmol/L, T2 5.02–5.38 pmol/L, and T3 > 5.38 pmol/L for men; T1 < 4.57 pmol/L, T2 4.57–4.93 
pmol/L, and T3 > 4.93 pmol/L for women). In the men, the age and TC decreased with the 
increase of FT3 tertiles (all p for trend < 0.05), while BMI, FT4, HOMA-IR, and FINS increased 
with the increase of FT3 tertiles (all p for trend < 0.05). In the women, TC and LDL-c showed 
downtrends with the increase of FT3 tertiles (all p for trend < 0.05), while FT4, SBP, DBP, 
HOMA-IR, FINS, and FPG showed uptrends with the increase of FT3 tertiles (all p for trend  
< 0.05). In the men, TSH, TG, HDL-c, LDL-c, SBP, DBP, HbA1c, FPG, 2hPG, and the percentage 
of current smokers did not significantly change according to the increase of FT3 tertiles. In 
the women, the age, BMI, TSH, TG, HDL-c, HbA1c, 2hPG, and the percentage of current smokers 
did not significantly change with the increase of FT3 tertiles (Table 1).

Distribution of SFA and VFA with FT3 and FT3/FT4 Tertiles
In both men and women, SFA increased with the increase of FT3 tertiles (all p for trend 

< 0.05), while VFA did not significantly change. We further divided both men and women into 

Fig. 1. Relationships of SFA and VFA with FT3 and FT3/FT4 tertiles. Small triangles or circles indicate the 
median, and the two bars indicate the interquartile range. FT3 tertiles: T1 < 5.02 pmol/L, T2 5.02–5.38 
pmol/L, and T3 > 5.38 pmol/L for men; T1 < 4.57 pmol/L, T2 4.57–4.93 pmol/L, and T3 > 4.93 pmol/L for 
women. FT3/FT4 tertiles: T1 < 0.29, T2 0.29–0.33, and T3 > 0.33 for men; T1 < 0.27, T2 0.27–0.31, and T3 > 

0.31 for women. The Kruskal-Wallis H test was used for trend analysis.
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3 groups according to FT3/FT4 tertiles (T1 < 0.29, T2 0.29–0.33, and T3 > 0.33 for men; T1  
< 0.27, T2 0.27–0.31, and T3 > 0.31 for women). In both men and women, SFA increased with 
the increase of FT3/FT4 tertiles (all p for trend < 0.05), while VFA did not significantly change 
(Fig. 1).

Fig. 2. Multivariate stepwise regression analyses of FT3 and the FT3/FT4 ratio. In the forest plots, the dots 
indicate standardized β, and the two bars indicate 95% CI. FT3 and FT3/FT4 were ln-transformed. When FT3 
or FT3/FT4 was considered a dependent variable, the original model included SFA, VFA, BMI, and variables 
that were significantly related to FT3 or FT3/FT4 by the Spearman correlation analysis.
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Factors Influencing FT3 and FT3/FT4
We used the Spearman correlation analysis to explore the correlations among variables. 

In the men, FT3 was positively related to SFA, BMI, FT4, DBP, HOMA-IR, FINS, and the 
percentage of current smokers, and it was negatively related to age, TC, and HDL-c (all p < 
0.05); FT3/FT4 was positively related to VFA, SFA, BMI, HOMA-IR, as well as FINS, and it was 
negatively related to age and HDL-c (all p < 0.05). In the women, FT3 was positively related 
to VFA, SFA, BMI, FT4, SBP, DBP, HOMA-IR, FINS, as well as FPG, and it was negatively related 
to TC and LDL-c (all p < 0.05); FT3/FT4 was positively related to VFA, SFA, BMI, HOMA-IR, 
FINS, as well as FPG, and it was negatively related to HDL-c (all p < 0.05).

We further used a multivariate stepwise regression analysis to explore the independent 
factors for FT3 and FT3/FT4. In the men, SFA was independently and positively related to 
FT3 (p < 0.001); in addition, age, TC, and FT4 were independently related to FT3 (all p < 0.05). 
In the women, SFA was independently and positively related to FT3 (p = 0.033); in addition, 
TC, HOMA-IR, and FT4 were independently related to FT3 (all p < 0.01).

When FT3/FT4 was the dependent factor, SFA was independently and positively related 
to FT3/FT4 (p < 0.001) in the men. HDL-c was an independent factor for FT3/FT4 in both men 
and women (all p < 0.05). In the women, HOMA-IR was also an independent factor for FT3/
FT4 (p < 0.001) (Fig. 2).

Discussion/Conclusion

The present study found that the abdominal fat distribution was differentially associated 
with FT3 and FT3/FT4 in a Chinese euthyroid population. Abdominal subcutaneous fat accu-
mulation was related to increased FT3 in both men and women, and was also related to 
increased FT3/FT4 in men. However, abdominal visceral fat accumulation was not related to 
FT3 or FT3/FT4. 

Thyroid hormones play essential roles in modulating energy expenditure and appetite 
[3], and the relationships between thyroid hormones and obesity have always been the focus 
of attention. Roef et al. [7] found that BMI and W were positively related to FT3 and FT3/FT4 
in a healthy euthyroid middle-aged population. According to the National Health and Nutrition 
Examination Survey of 2007–2008, BMI and W were positively related to FT3 in a euthyroid 
population [6]. Kim et al. [18] reported that BMI and metabolic syndrome were positively 
related to total triiodothyronine (TT3) and the TT3 to total thyroxine (TT4) ratio (TT3/TT4). 
In general, most of the previous studies supported the notion that adiposity parameters were 
positively related to FT3 and FT3/FT4. However, BMI and W are simple parameters to 
evaluate obesity, neither could reflect the relationship between abdominal fat distribution 
and thyroid hormone.

The pathogenesis and progression of obesity are not only related to total fat content, but 
also to fat distribution. There is a major ontogenetic difference between visceral fat and subcu-
taneous fat [19]. The body fat distribution can be precisely measured with instruments. 
Alevizaki et al. [10] measured subcutaneous fat and preperitoneal fat by ultrasound B in 275 
nearly healthy subjects, and found that subcutaneous fat was positively related to the TT3 to 
FT4 ratio, while preperitoneal fat was positively related to TT3. MRI and computerized tomog-
raphy are precise methods to measure abdominal fat distribution and are recommended by 
the International Diabetes Federation as gold standards [9]. Nam et al. [11] found that comput-
erized tomography-measured visceral fat was independently and positively related to TT3 in 
177 overweight or obese individuals. In the present study, SFA was independently and posi-
tively related to FT3 in both men and women and to FT3/FT4 in men; however, VFA was not 
an independent factor for FT3 or FT3/FT4. The highlight of our study was that precise 
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abdominal fat distribution was measured by MRI in a relatively large community-based popu-
lation. In addition, we excluded individuals with a history of diabetes or cardiovascular disease.

Evidence from basic studies has indicated that subcutaneous fat accumulation may lead 
to increases in FT3 and FT3/FT4 in several ways. Type 1 iodothyronine deiodinase catalyzes 
the conversion of FT4 to FT3 in white adipose tissue. A previous study has found that the 
expression and activity of type 1 iodothyronine deiodinase were both enhanced in white 
adipose tissue of obese subjects. This effect was more significant in subcutaneous fat tissue 
than in visceral fat tissue, which suggested that subcutaneous fat tissue might influence the 
conversion of thyroid hormone in peripheral tissue [20]. The thyroid hormone receptor 
(THR) is expressed in adipose tissue, and the expression of THR in subcutaneous fat tissue is 
much higher than that in visceral fat tissue. The expression of THR in adipose tissue was 
shown to decrease in obesity [21], which suggested that a high level of FT3 in obese indi-
viduals might be due to mechanisms similar to those of insulin resistance. Because visceral 
fat is at a disadvantage in expression of type 1 iodothyronine deiodinase and THR, visceral fat 
may not have a significant influence on the peripheral metabolism of thyroid hormones.

High levels of FT3 and FT3/FT4 were previously considered adaptive responses to 
maintain the energy balance in the obese [11]. However, in recent years, some studies have 
found that a high level of FT3 within the reference range was related to an increased risk of 
non-alcoholic fatty liver disease and metabolic syndrome [22, 23]. Further research is needed 
to clarify the role of thyroid hormone in metabolic and cardiovascular disease.

Our study has some limitations. Firstly, we did not determine the level of thyroid related-
antibodies and iodine intake. Secondly, owing to the nature of a cross-sectional study, we 
cannot deduce the causality. Thirdly, the subjects in our study were all Han Chinese adults, 
and thus the results cannot be generalized to other ethnicities.

In conclusion, abdominal subcutaneous fat was independently related to increased FT3 
in a euthyroid population.
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