
Frontiers in Endocrinology | www.frontiersi

Edited by:
Johannes Wolfgang Dietrich,

Ruhr University Bochum, Germany

Reviewed by:
Giorgio Radetti,

Ospedale di Bolzano, Italy
Eveline Bruinstroop,

Academic Medical Center,
Netherlands

Robert Krysiak,
Medical University of Silesia, Poland

*Correspondence:
Qun Zhang

wenzi20100305@126.com

Specialty section:
This article was submitted to

Thyroid Endocrinology,
a section of the journal

Frontiers in Endocrinology

Received: 23 May 2021
Accepted: 22 July 2021

Published: 12 August 2021

Citation:
Guo W, Qin P, Li X-N, Wu J, Lu J,
Zhu W-F, Diao Q-q, Xu N-Z and

Zhang Q (2021) Free Triiodothyronine
Is Associated With Hepatic Steatosis

and Liver Stiffness in Euthyroid
Chinese Adults With Non-Alcoholic

Fatty Liver Disease.
Front. Endocrinol. 12:711956.

doi: 10.3389/fendo.2021.711956

ORIGINAL RESEARCH
published: 12 August 2021

doi: 10.3389/fendo.2021.711956
Free Triiodothyronine Is Associated
With Hepatic Steatosis and Liver
Stiffness in Euthyroid Chinese
Adults With Non-Alcoholic Fatty
Liver Disease
Wen Guo, Pei Qin, Xiao-Na Li , Juan Wu, Jing Lu, Wen-Fang Zhu, Qing-qing Diao,
Nian-Zhen Xu and Qun Zhang*

Department of Health Promotion Center, The First Affiliated Hospital With Nanjing Medical University, Nanjing, China

Objective: The association between non-alcoholic fatty liver disease (NAFLD) and thyroid
hormones in euthyroid subjects is unclear. We investigated the relationship between
thyroid function and the severity of hepatic steatosis and liver fibrosis in a large cohort of
euthyroid Chinese adults.

Methods: A total of 3496 participants were enrolled. Liver ultrasonography was used to
define the presence of NAFLD (n=2172) or the absence of NAFLD (n=1324).
Anthropometric and biochemical measurements were made and thyroid function
parameters including free triiodothyronine (FT3), free thyroxine (FT4), thyroid‐stimulating
hormone (TSH) were measured. The severity of hepatic steatosis and liver stiffness was
assessed by transient elastography.

Results: Levels of FT3 were significantly higher in the severe NAFLD group and moderate
NAFLD group than in the mild NAFLD group (5.18 ± 0.58 vs 5.11 ± 0.57 vs 4.98 ± 0.60
pmol/L, P<0.001). Participants with F4 and F3 liver fibrosis had higher FT3 levels than
those with F2 fibrosis (6.33 ± 0.39 vs 5.29 ± 0.48 vs 5.20 ± 0.50 pmol/L, P<0.001).
However, FT4 and TSH levels did not correlate with hepatic steatosis or liver fibrosis
severity. In addition, the proportions of participants with NAFLD (46.0% vs 63.1% vs
73.3%, P<0.001) and liver fibrosis (11.5% vs 18.6% vs 20.8%, P<0.001) increased as FT3
levels increased. Logistic regression analysis showed that FT3 levels were positively
associated with the severity of hepatic steatosis and liver fibrosis presence, even after
adjustment for metabolic risk factors including BMI. In non-obese participants, the FT3
level was an independently risk factor for the severity of hepatic steatosis.

Conclusions: There are positive associations of FT3 levels with the severity of hepatic
steatosis and the presence of liver fibrosis in NAFLD with euthyroidism.
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INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is a wide-spectrum
liver disease, which will evolve to non-alcoholic steatohepatitis
(NASH), liver fibrosis, and cirrhosis. With improvement of
people’s living standard and rapid lifestyle transitions, the
prevalence of NAFLD in China is 29.2% (1), and by 2030
China will have the highest growth in the prevalence of
NAFLD globally, with 315 million cases (2), representing a
substantial clinical burden and a public health concern.
Because there are no obvious symptoms in the early stages of
NAFLD, this problem can be invisible for patients and
doctors for years. Besides the leading cause of chronic liver
disease, more recent evidence suggested that NAFLD was closely
associated with metabolic syndrome, type 2 diabetes and
cardiovascular disease (CVD) (3–5). Although understanding
regarding management and treatment of its risk factors (e.g.
diabetes and dyslipidemia) has improved substantially,
the prevalence of NAFLD has rapidly increased. Hence,
investigation of additional modifiable risk factors is
urgently needed.

Because of the importance of thyroid hormones in lipid
metabolism and energy homeostasis, which participate in the
development and progression of NAFLD, the relationship
between thyroid diseases and NAFLD has attracted close
attention, yet conclusions from studies investigating the
relationship between thyroid diseases and NAFLD are
inconsistent, varying from a strong association to no
association (6–8). Meanwhile, conclusions regarding the
association of free triiodothyronine (FT3), free thyroxine
(FT4), and thyroid‐stimulating hormone (TSH) with NAFLD
in euthyroid individuals remain inconsistent. For example, a
study in the middle-aged and elderly euthyroid subjects showed
that high-normal FT3 and low-normal TSH are independently
associated with a higher incidence of NAFLD, but not by FT4 (9).
The Lifelines Cohort Study indicated that NAFLD was
independently associated with a high‐normal FT3 level, but
not by TSH (10). There are limited studies, which aimed to
assess the association of liver fibrosis with thyroid function
within the euthyroid range in NAFLD.

Liver biopsy is the gold standard for the diagnosis of NAFLD
and NAFLD -related advanced fibrosis, but its clinical
application is limited due to its invasive and expensive. A
number of noninvasive biomarkers of NAFLD severity and
liver fibrosis are also being developed to identify those likely to
have progressive liver disease or complications, such as transient
elastography (11). The present study aimed to explore the
relationship between thyroid function and the severity of
hepatic steatosis/liver fibrosis evaluated by transient
elastography in a large cohort of euthyroid Chinese population.
On the other hand, obesity can affect thyroid function,
subsequently alter its functional status in target organs and
body metabolism (12). Therefore, another aim of the present
study is to explore whether obesity plays a role in the association
between thyroid function and the severity of hepatic steatosis/
liver fibrosis in euthyroid.
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MATERIALS AND METHODS

Study Population
Participants were enrolled from the Health Promotion Center of
the First Affiliated Hospital of Nanjing Medical University for
health examinations between November 2017 and December
2019. They were further divided into the NAFLD group
(n =2172) and the non-NAFLD group (n =1324) according to
the results of liver ultrasonography. Written consents were
obtained from all participants. Exclusion criteria were:1)
excessive alcohol use (>140g/week for men and >70 g/week for
women); 2) previously diagnosed hepatitis, cirrhosis or other
chronic liver diseases (e.g., autoimmune liver disease, primary
sclerosing cholangitis, drug-induced liver disease); 3) history of
thyroidectomy, overt thyroid dysfunction, autoimmune
thyroiditis, or thyroid tumor; 4) previous or current use
thyroid hormone or anti‐thyroid drugs, or drugs that cause a
fatty liver and/or liver fibrosis; 5) previously diagnosed chronic
kidney disease, stroke, acute coronary syndrome, malignant
tumors. The study protocol was approved by the Human
Research Ethics Committee of the First Affiliated Hospital of
Nanjing Medical University.

Physical Examination and
Biochemical Tests
Weight, height and blood pressure were measured in accordance
with international standards. Venous blood samples were
collected after an overnight fast. Routine biochemical analyses
including measurement of serum lipids, glucose, hepatic function
and uric acid, by enzymatic methods (Chemistry Analyzer
AU5800, Olympus Medical Engineering Company, Japan).
Thyroid function (FT3, FT4 and TSH) was determined by
electro chemiluminescent methods (Roche Diagnostics GmbH,
Mannheim, Germany). Glycated hemoglobin A1c (HbA1c) levels
were measured by high‐performance liquid chromatography.
Liver ultrasonography was performed in all participants.

Liver Stiffness and Steatosis
Transient elastography was measured in participants of the
NAFLD group in order to evaluate the hepatic steatosis
severity and the presence of fibrosis. Transient elastography
was performed using FibroTouch (Wuxi Hayes Kell Medical
Technology Co. Ltd., China) system according to the operations
manual. FibroTouch is a newly developed device for the
evaluation of hepatic steatosis and fibrosis that is comparable
with that of the FibroScan (13). Liver fibrosis and hepatic
steatosis were determined using liver stiffness measurement
(LSM) and the fat attenuation parameter (FAP), respectively.

Statistical Analysis
Continuous variables were expressed as mean ± SD. Intergroup
comparisons were done using Student’s t test or one-way
ANOVA with Bonferroni correction for multiple comparisons.
Categorical variables were expressed as percentages (numbers)
and analysed by Pearson’s chi-squared test. Binary or
multinomial logistic regression analysis was performed to
August 2021 | Volume 12 | Article 711956
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investigate the independent predictors of NAFLD and liver
fibrosis. Data were analysed using SPSS 18.0 statistical
software, with significance defined as P<0.05 (two-sided).
RESULTS

Baseline Characteristics of the
Study Population
3496 participants were divided into the NAFLD group (n =2172)
and the non-NAFLD group (n =1324) according to the results of
liver ultrasonography. Clinical, demographic and biochemical
Frontiers in Endocrinology | www.frontiersin.org 3
characteristics of the participants are listed in Table 1. Compared
to those without NAFLD, patients with NAFLD were more likely
to be male, and had higher body mass index (BMI), systolic
blood pressure (SBP), diastolic blood pressure (DBP), fasting
blood glucose (FBG), HbA1c, serum uric acid, ALT, AST, GGT,
FT3, total cholesterol (TC), triglyceride (TG), and low-density
lipoprotein cholesterol (LDL-C) levels, yet lower levels of high-
density lipoprotein cholesterol (HDL-C) (all P<0.05). There were
no differences in age, FT4 and TSH levels between two groups.
FT3 but Not FT4 and TSH Levels Are
Associated With Hepatic Steatosis
2172 participants with NAFLD were further divided into the
mild NAFLD(n=803), moderate NAFLD (n=597) and severe
NAFLD(n=772) according to the value of FAP using Transient
elastography. Patients in the severe NAFLD group and moderate
NAFLD group had higher FT3 levels than those in the mild
NAFLD (5.18 ± 0.58 vs 5.11 ± 0.57 vs 4.98 ± 0.60 pmol/L,
P<0.001). However, no statistically significant differences in FT4
and TSH levels were detected among groups (Figures 1A–C).

Baseline Characteristics of Individuals
With or Without Liver Fibrosis in NAFLD
Participants with NAFLD were also further divided into four
groups according to the value of LSM: F0-F1 (LSM ≤ 7.3kPa,
n=1804), F2 (7.3 < LSM ≤ 9.7 kPa, n=245), F3 (9.7<LSM ≤ 12.4kPa,
n=91), F4 (LSM > 12.4kPa, n=32). According to the operations
manual, participants in the F0-F1 stage were recognised as non-
liver fibrosis and participants in the F2-F4 stage were recognised as
liver fibrosis. Clinical and biochemical characteristics of individuals
with or without liver fibrosis in NAFLD are listed in Table 2.
Compared to those without liver fibrosis, patients with liver fibrosis
more likely to be male. In addition, subjects with liver fibrosis had
higher BMI, SBP, DBP, FBG, HbA1c, TG, serum uric acid, ALT,
AST, GGT and FT3 level than those without liver fibrosis (all
P<0.05). There were no differences of TC, LDL-C, FT4 and TSH
levels between two groups.
TABLE 1 | Baseline characteristics of individuals with or without NAFLD.

Non‐NAFLD (n = 1324) NAFLD (n = 2172)

Age (years) 49.28 ± 10.46 49.49 ± 9.86
Sex (male/female) 669/655 1755/417*
BMI (kg/m2) 22.88 ± 2.20 26.78 ± 2.59*
SBP (mmHg) 122.37 ± 17.14 130.45 ± 15.96*
DBP (mmHg) 74.51 ± 11.03 81.13 ± 10.92*
FBG (mmol/L) 5.26 ± 0.91 5.77 ± 1.44*
HbA1c (%) 5.53 ± 0.57 5.78 ± 0.85*
TC (mmol/L) 5.27 ± 1.04 5.41 ± 1.08*
TG (mmol/L) 1.32 ± 0.68 2.25 ± 1.64*
LDL-C(mmol/L) 3.22 ± 0.76 3.42 ± 0.77*
HDL-C(mmol/L) 1.43 ± 0.32 1.21 ± 0.25*
Uric acid (mmol/l) 311.08 ± 80.52 376.63 ± 83.21*
ALT (U/L) 19.39 ± 10.43 30.93 ± 19.59*
AST (U/L) 22.11 ± 7.21 25.39 ± 10.26*
GGT (U/L) 25.57 ± 19.82 43.59 ± 28.96*
FT3 (pmol/L) 4.77 ± 0.48 5.08 ± 0.59*
FT4 (pmol/L) 16.96 ± 1.98 17.06 ± 1.95
TSH (pmol/L) 2.25 ± 0.83 2.20 ± 0.84
Values are presented as mean ± standard deviation.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG,
fasting blood glucose; TC, total cholesterol; TG, triacylglyceride; LDL-C, high-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, alanine
aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl transpeptidase;
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid‐stimulating hormone.
Compared with non‐NAFLD, *P < 0.05.
A B C

FIGURE 1 | The levels of FT3, FT4 and TSH in subjects with different severity of hepatic steatosis of NAFLD. (A) The levels of FT3 in subjects with different severity
of hepatic steatosis of NAFLD; (B) The levels of FT4 in subjects with different severity of hepatic steatosis of NAFLD; (C) The levels of TSH in subjects with different
severity of hepatic steatosis of NAFLD.
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Comparison of FT3, FT4, and TSH Levels
in Different Fibrosis Stages in Participants
With Liver Fibrosis
Participants in the F4 stage and F3 stage had higher FT3 levels
than those in F2 stage (6.33 ± 0.39 vs 5.29 ± 0.48 vs 5.20 ± 0.50
pmol/L, P<0.001). However, no statistically significant
differences in FT4 and TSH levels were observed among the
groups (Figures 2A–C).

The Proportions of Participants With
NAFLD and Liver Fibrosis Compared
Across the Tertiles of FT3 Level
To further explore the relationship between FT3 level and
NAFLD, all participants were stratified into tertiles of FT3
levels (tertiles1 <4.74pmol/L, n=1179; tertiles2 4.74-5.22pmol/
Frontiers in Endocrinology | www.frontiersin.org 4
L, n=1137; and tertiles3 >5.22pmol/L, n=1180), and the
proportion of participants with NAFLD in different FT3 level
tertiles was assessed. A continuous rise in the proportion of
participants with NAFLD was observed along the tertiles of FT3
level (46.0% vs 63.1% vs 73.3%, P<0.001). Participants with
NAFLD were stratified into three groups by the tertiles of FT3
level (tertiles 1<4.86pmol/L, n=730; tertiles2 4.86-5.34pmol/L,
n =740; and tertiles3>5.34pmol/L, n=702). The proportion of
participants with liver fibrosis was higher in the highest FT3
tertiles than in the middle and the lowest tertiles (11.5% vs18.6%
vs 20.8%, P<0.001).

Association of FT3 Level With the Severity
Hepatic Steatosis and Liver Fibrosis by
Logistic Regression Analysis
Multinomial logistic regression analyses were used to identify the
association between FT3 level and hepatic steatosis severity.
Clinically significant and statistically significant parameters from
univariate analysis were included. The FT3 level was positively
correlated with the mild NAFLD (OR=2004, 95%CI 1.702-2.360,
P<0.001), moderate NAFLD (OR=3.110, 95%CI 2.584-3.744,
P<0.001) and severe NAFLD (OR=3.919, 95%CI 3.288-
4.670, P<0.001) without adjustment. After adjusting for sex, BMI,
SBP, DBP, FBG, HbA1c, TC, TG, LDL-C, HDL-C and uric acid, the
FT3 level was still positively correlated with mild NAFLD
(OR=1.357, 95%CI 1.098-1.677, P=0.005), moderate
NAFLD (OR=1.352, 95%CI 1.727-2.199, P<0.001) and severe
NAFLD (OR=1.947, 95%CI 1.513-2.504, P<0.001). According to
binary logistic regression analysis, the FT3 level was still positively
correlated with liver fibrosis (OR=2.191, 95%CI 1.743-2.755,
P<0.001) after adjusting for sex, BMI, SBP, DBP, FBG, HbA1c,
TG, HDL-C and uric acid.

Association of FT3 Level With the Severity
Hepatic Steatosis and Liver Fibrosis
by Logistic Regression Analysis in
Non-Obese NAFLD
3496 participants were divided by their BMI into obese (BMI ≥25
kg/m2, n=2071) and non-obese (BMI <25 kg/m2, n=1425). Non-
obese participants were divided the non-obese NAFLD(n=403)
and the control group(n=1022) according to the results of liver
TABLE 2 | Baseline characteristics of individuals with or without liver fibrosis in
NAFLD.

Non-liver fibrosis (n=1804) liver fibrosis(n=368)

Age (years) 49.34 ± 9.84 50.26 ± 9.93
Sex (male/female) 1433/371 322/46*
BMI (kg/m2) 26.51 ± 2.48 28.07 ± 2.69*
SBP (mmHg) 129.67 ± 15.73 134.31 ± 16.53*
DBP (mmHg) 80.68 ± 10.92 83.30 ± 10.67*
FBG (mmol/L) 5.69 ± 1.36 6.16 ± 1.74*
HbA1c (%) 5.73 ± 0.79 6.02 ± 1.03*
TC (mmol/L) 5.41 ± 1.09 5.44 ± 1.06
TG (mmol/L) 2.20 ± 1.55 2.50 ± 2.02*
LDL-C(mmol/L) 3.42 ± 0.77 3.43 ± 0.76
HDL-C(mmol/L) 1.21 ± 0.25 1.17 ± 0.27*
Uric acid (mmol/l) 374.27 ± 83.46 388.14 ± 81.12*
ALT (U/L) 29.50 ± 18.02 37.97 ± 24.81*
AST (U/L) 24.68 ± 9.27 28.83 ± 13.64*
GGT (U/L) 42.34 ± 28.39 49.72 ± 30.90*
FT3 (pmol/L) 5.03 ± 0.58 5.32 ± 0.58*
FT4 (pmol/L) 17.04 ± 1.94 17.14 ± 2.01
TSH (pmol/L) 2.20 ± 0.85 2.21 ± 0.82
Values are presented as mean ± standard deviation.
BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FBG,
fasting blood glucose; TC, total cholesterol; TG, triacylglyceride; LDL-C, high-density
lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; ALT, alanine
aminotransferase; AST, aspartate transaminase; GGT, gamma-glutamyl transpeptidase;
FT3, free triiodothyronine; FT4, free thyroxine; TSH, thyroid‐stimulating hormone.
Compared with non-liver fibrosis, *P < 0.05.
A B C

FIGURE 2 | The levels of FT3, FT4 and TSH in subjects with F2, F3 and F4 fibrosis. (A) The levels of FT3 in subjects with F2, F3 and F4 fibrosis; (B) The levels of
FT4 in subjects with F2, F3 and F4 fibrosis; (C) The levels of TSH in subjects with F2, F3 and F4 fibrosis.
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ultrasonography. Non-obese NAFLD patients were further
divided into the non-obese mild NAFLD(n=223), non-obese
moderate NAFLD (n=111) and non-obese severe NAFLD
(n=69) according to the value of FAP using Transient
elastography. In non-obese participants, FT3 levels were
significantly increased with the increase in the severity of
hepatic steatosis (4.73 ± 0.48 vs 4.87 ± 0.64 vs 4.98 ± 0.58 vs
5.03 ± 0.57 pmol/L, P<0.01). However, no statistically significant
differences in FT4 and TSH levels were observed among the
groups. Multinomial logistic regression analysis showed that FT3
level was independently correlated with non-obese mild NAFLD
(OR=1.323, 95%CI 1.053-1.838, P=0.045), non-obese moderate
NAFLD (OR=1.609, 95%CI 1.024-2.528, P=0.039) and non-
obese severe NAFLD (OR=2.288, 95%CI 1.320-3.964, P=0.003),
even adjustment for BMI.

Participants with non-obese NAFLD were also further
divided into the liver fibrosis group(n=26) and the non- liver
fibrosis(n=377) according to the value of LSM. The levels of FT3
in patients in the liver fibrosis were higher compared to those
without liver fibrosis (4.91 ± 0.61 vs 5.15 ± 0.62 pmol/L, P=0.06),
but the difference was not statistically significant.

Association of FT3 Level With the Severity
Hepatic Steatosis and Liver Fibrosis
by Logistic Regression Analysis in
Obese NAFLD
Obese participants were divided the obese NAFLD group
(n=1769) and obese without NAFLD group (n=302) according
to the results of liver ultrasonography. Obese NAFLD patients
were further divided into the obese mild NAFLD(n=580), obese
moderate NAFLD (n=486) and obese severe NAFLD(n=703)
according to the value of FAP using Transient elastography. In
obese participants, FT3 levels were significantly increased with
the increase in the severity of hepatic steatosis (4.87 ± 0.44 vs
5.02 ± 0.57 vs 5.14 ± 0.56 vs 5.19 ± 0.57 pmol/L, P<0.01).
However, no statistically significant differences in FT4 and TSH
levels were observed among the groups. In obese NAFLD, FT3
level was independently correlated with mild NAFLD (OR=1.374,
95%CI 1.021-1.849, P=0.036), moderate NAFLD (OR=1.754, 95%
CI 1.273-2.418, P=0.001) and severe NAFLD (OR=1.894, 95%CI
1.367-2.624, P<0.001) after adjusted for confounding factors
including BMI.

Patients with obese NAFLD were also further divided into the
liver fibrosis group(n=342) and the non-liver fibrosis(n=1427)
according to the value of LSM. Patients in the liver fibrosis group
had higher FT3 levels than those in the non- liver fibrosis (5.07 ±
0.56 vs 5.34 ± 0.57 pmol/L, P<0.01). Binary logistic regression
analysis showed that the FT3 level was still positively correlated
with liver fibrosis (OR=2.415, 95%CI 1.882-3.097, P<0.001) in
obese NAFLD, even adjusting for BMI.
DISCUSSION

Here for the first time, we demonstrate a relationship between
thyroid function and the severity of hepatic steatosis and liver
Frontiers in Endocrinology | www.frontiersin.org 5
fibrosis evaluated by transient elastography in a large cohort of
the euthyroid Chinese population. The major finding of our
study was that FT3 level was positively associated with hepatic
steatosis severity and the presence of liver fibrosis of NAFLD in
euthyroid participants, independently of well-known metabolic
risk factors including BMI.

The thyroid gland produces hormones that regulate energy
metabolism, lipid and carbohydrate metabolism, and nervous
system development. Knowledge regarding the association
between thyroid function and risk of NAFLD is increasing,
with evidence suggesting that thyroid dysfunction is associated
with weight gain and development of metabolic dysfunction,
including insulin resistance and lipid metabolism disorders (14,
15). Recently, these associations between thyroid hormones and
NAFLD have been extended to euthyroid individuals by several
studies, but with somewhat inconsistent results. For FT4, some
studies showed that its concentrations were negatively associated
with the risk for NAFLD (16, 17), while a cross-sectional study in
euthyroid population indicated that the FT4 level was not
significantly different between subjects with and without
NAFLD (18). For TSH, inconsistent associations of serum TSH
with NAFLD were reported with positive results or null results
(10, 17, 19). Two Chinese studies and the Lifelines Cohort Study
indicated that high‐normal FT3 levels were positively correlated
with NAFLD, where the latter study used the fatty liver index to
identify NAFLD (10, 20, 21). Another Chinese study showed that
FT3 levels were inversely correlated with NAFLD (17). All these
studies did not explore the association between thyroid function
and the severity hepatic steatosis evaluated by transient
elastography, especially in a large euthyroid population with
NAFLD. In the present study, we found that the FT3 level was
positively correlated with the severity of hepatic steatosis, even
after adjusting for metabolic risk factors. Meanwhile, the
proportion of participants with NAFLD was significantly
increased along with the increasing levels of the FT3 level. But
we did not find the association of the hepatic steatosis severity
with the FT4 and TSH level. Although the exact mechanisms for
the positive correlation between FT3 levels and hepatic steatosis
severity are unclear but may involve iodothyronine deiodinase
(DIO) expression. Previous studies showed that type 1 DIO
(DIO1) activity was increased in the adipose tissue of obese
humans and animals with a high‐fat diet (22, 23), hereby
resulting in higher conversion of FT4 to FT3. We also found
that FT3/FT4 ratios were significantly increased with the increase
in the severity of hepatic steatosis (0.28 ± 0.03 vs 0.29 ± 0.04 vs
0.30 ± 0.04 vs 0.31 ± 0.04, P<0.01). Taken together, it is
hypothesized that the increase in FT3 levels under unfavorable
metabolic situations such as NAFLD might be a compensatory
mechanism for fat accumulation. On the other hand, multiple
pathways involved in lipid metabolism are affected by higher FT3
levels, including enhanced lipolysis in adipose tissue, increased
the delivery of nonesterified fatty acids to the liver, and
stimulated de novo lipogenesis in the liver (24, 25), and hence
is probably involved in the pathogenesis of NAFLD. Clinical
evidence showed that in euthyroid patients, higher FT3 was
correlated with unfavorable metabolic profiles, including higher
August 2021 | Volume 12 | Article 711956
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TG, fasting plasma glucose and insulin resistance (26, 27), which
were all risk factors for NAFLD. However, it is still unclear
whether changes in FT3 levels cause NAFLD or are a
consequence of the disease. The relationship between FT3 and
the severity of hepatic steatosis needs to be prospectively
delineated in the future.

More recent some studies have focused on the correlation
between FT3 levels with liver fibrosis in NAFLD subjects but
yielded inconsistent results. In Patients with T2DM and NAFLD,
a low FT3 level was an independent risk factor of advanced
fibrosis, where this study used NAFLD fibrosis scores to identify
advanced fibrosis (28). Zhang X et al. showed that the FT3 level
did not predict an increased risk of advanced fibrosis in
euthyroid Chinese population with NAFLD (17). Manka et al.
(29) determined that low FT3, but not TSH and FT4, were
associated with increased liver stiffness and NAFLD fibrosis
scores, respectively. In contrast to the studies of Manka et al.
and Zhang X et al., our study found that the FT3 level was
independently correlated with liver fibrosis evaluated by
transient elastography. In addition, the proportion of
participants with liver fibrosis was significantly increased along
with the increasing levels of FT3. A similar finding was observed
by Liu et al. (18), who found that high FT3 levels were
independently associated with fibrosis risk estimated by a
BARD score ≥ 2 in patients with NAFLD. However, the study
fromManka et al. is not directly comparable to our study because
substantially more subjects in the Manka et al. study had
significant liver fibrosis (Manka et al.: 66/144 (45.83%) > 7.6
kPa; current study: 386/2215 (17.42%) > 7.3 kPa. The study of
Zhang X et al. used FIB-4 index ≥ 1.45 as a suitable noninvasive
score to discriminate advanced hepatic fibrosis. Transient
elastography was measured in NAFLD participants to evaluate
liver fibrosis in the present study. It therefore seems plausible
that the discrepancies may be related to the different study
populations and diagnostic criteria for NAFLD-related
advanced fibrosis. Future research with a prospective
longitudinal study design and the larger sample size is needed
to more definitively characterize the relationship between FT3
levels and liver fibrosis.

It is increasingly recognized that thyroid hormone levels are
associated with effects on body fat (30). Euthyroid obese
individuals had higher FT3 levels (31), while FT3 levels
decreased after weight loss (32). Because obesity in the
pathogenesis of NAFLD is well established, it may be a
confounding factor of the relationship between FT3 levels and
NAFLD. We adjusted BMI and found that the positive
associations of the FT3 level with hepatic steatosis severity and
the presence of liver fibrosis of NAFLD still existed. In addition,
all participants in the present were divided into the obese and
non-obese group according to their BMI. We still found that
high-normal FT3 level was an independently risk factor for the
severity of hepatic steatosis in non-obese participants.
Unfortunately, we did not find the relationship between the
FT3 level and liver fibrosis in non-obese NAFLD due to the small
sample size of the liver fibrosis group. We speculated that obesity
did not participant in the association between the FT3 level and
Frontiers in Endocrinology | www.frontiersin.org 6
the severity of hepatic steatosis. Clearly, the cross-sectional
design of the present study hampers to establish a sequence of
metabolic changes, and the possible interrelationship of obesity
with the development of NAFLD needs to be prospectively
delineated in future.

This study has several limitations. First, the cross-sectional
design means it is difficult to determine whether FT3 levels have
a causative effect on the severity of hepatic steatosis and liver
fibrosis in NAFLD. Larger prospective studies with long-term
follow up are warranted to provide more definitive evidence.
Second, liver biopsy remains the gold standard for the detection
of liver steatosis and fibrosis, but is invasive, impractical and
costly. We used noninvasive ultrasonography examination and
transient elastography for noninvasive assessment of hepatic
steatosis and fibrosis. Third, as levels of anti-thyroid
peroxidase and anti-thyroglobulin autoantibodies were not
measured in our study, we cannot determine the possible role
of impending thyroid autoimmunity on the association between
NAFLD with thyroid function.
CONCLUSIONS

There are positive associations of FT3 levels with the severity of
hepatic steatosis and liver fibrosis in euthyroid NAFLD subjects.
Additional large-scaled prospective studies should be undertaken
to confirm these findings. Further research is needed to
determine whether these findings are causal, and whether the
FT3 levels have any role as biomarkers for NAFLD.
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Modulation of Type I Iodothyronine 5’-Deiodinase Activity in White
Adipose Tissue by Nutrition: Possible Involvement of Leptin. Physiol Res
(2010) 59:561–9. doi: 10.33549/physiolres.931866

24. Cachefo A, Boucher P, Vidon C, Dusserre E, Diraison F, Beylot M. Hepatic
Lipogenesis and Cholesterol Synthesis in Hyperthyroid Patients. J Clin
Endocrinol Metab (2001) 86:5353–7. doi: 10.1210/jcem.86.11.7981

25. Pucci E, Chiovato L, Pinchera A. Thyroid and Lipid Metabolism. Int J Obes
Relat Metab Disord (2000) 24(Suppl. 2):S109–12. doi: 10.1038/sj.ijo.0801292

26. Bano A, Chaker L, Plompen EP, Hofman A, Dehghan A, Franco OH, et al
Nonalcoholic Fatty Liver Disease: The Rotterdam Study. J Clin Endocrinol
Metab (2016) 101:3204–11. doi: 10.1210/jc.2016-1300

27. Kim D, Yoo ER, Li AA, Fernandes CT, Tighe SP, Cholankeril G, et al. Low-
Normal Thyroid Function Is Associated With Advanced Fibrosis Among
Adults in the United States. Clin Gastroenterol Hepatol (2019) 17:2379–81.
doi: 10.1016/j.cgh.2018.11.024

28. Du J, Chai S, Zhao X, Sun J, Zhang X, Huo L. Association Between Thyroid
Hormone Levels and Advanced Liver Fibrosis in Patients With Type 2
August 2021 | Volume 12 | Article 711956

https://www.frontiersin.org/articles/10.3389/fendo.2021.711956/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.711956/full#supplementary-material
https://doi.org/10.1002/hep.30702
https://doi.org/10.1002/hep.30702
https://doi.org/10.1016/j.jhep.2018.05.036
https://doi.org/10.1016/j.cgh.2019.12.026
https://doi.org/10.2337/dc17-1902
https://doi.org/10.1016/j.cld.2017.08.010
https://doi.org/10.1089/thy.2018.0257
https://doi.org/10.3389/fendo.2017.00335
https://doi.org/10.1159/000454920
https://doi.org/10.1093/gerona/glab037
https://doi.org/10.1016/j.metabol.2016.11.002
https://doi.org/10.1016/j.cld.2017.08.004
https://doi.org/10.1046/j.1365-2265.2003.01836.x
https://doi.org/10.1016/j.dld.2019.02.009
https://doi.org/10.1016/j.dld.2019.02.009
https://doi.org/10.1016/j.bj.2018.02.002
https://doi.org/10.1089/thy.2017.0656
https://doi.org/10.1111/j.1365-2265.2011.04016.x
https://doi.org/10.7754/Clin.Lab.2020.200219
https://doi.org/10.5604/01.3001.0012.3136
https://doi.org/10.1002/jgh3.12264
https://doi.org/10.3109/07435800.2014.987399
https://doi.org/10.3109/07435800.2014.987399
https://doi.org/10.1111/eci.13070
https://doi.org/10.1111/eci.13070
https://doi.org/10.1038/ijo.2011.101
https://doi.org/10.33549/physiolres.931866
https://doi.org/10.1210/jcem.86.11.7981
https://doi.org/10.1038/sj.ijo.0801292
https://doi.org/10.1210/jc.2016-1300
https://doi.org/10.1016/j.cgh.2018.11.024
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Guo et al. FT3 Is Associated With NAFLD
Diabetes Mellitus and Non-Alcoholic Fatty Liver Disease. Diabetes Metab
Syndr Obes (2021) 14:2399–406. doi: 10.2147/DMSO.S313503

29. Manka P, Bechmann L, Best J, Sydor S, Claridge LC, Coombes JD, et al. Low
Free Triiodothyronine Is Associated With Advanced Fibrosis in Patients at
High Risk for Nonalcoholic Steatohepatitis. Dig Dis Sci (2019) 64:2351–8. doi:
10.1007/s10620-019-05687-3

30. Reinehr T, Isa A, de Sousa G, Dieffenbach R, Andler W. Thyroid Hormones
and Their Relation to Weight Status. Horm Res (2008) 70:51–7. doi: 10.1159/
000129678

31. Taylor PN, Richmond R, Davies N, Sayers A, Stevenson K, Woltersdorf W,
et al. Paradoxical Relationship Between Body Mass Index and Thyroid
Hormone Levels: A Study Using Mendelian Randomization. J Clin
Endocrinol Metab (2016) 101:730–8. doi: 10.1210/jc.2015-3505

32. Ferrannini E, Iervasi G, Cobb J, Ndreu R, Nannipieri M. Insulin Resistance
and Normal Thyroid Hormone Levels: Prospective Study and Metabolomic
Analysis. Am J Physiol Endocrinol Metab (2017) 312:E429–36. doi: 10.1152/
ajpendo.00464.2016
Frontiers in Endocrinology | www.frontiersin.org 8
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Guo, Qin, Li, Wu, Lu, Zhu, Diao, Xu and Zhang. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply with
these terms.
August 2021 | Volume 12 | Article 711956

https://doi.org/10.2147/DMSO.S313503
https://doi.org/10.1007/s10620-019-05687-3
https://doi.org/10.1159/000129678
https://doi.org/10.1159/000129678
https://doi.org/10.1210/jc.2015-3505
https://doi.org/10.1152/ajpendo.00464.2016
https://doi.org/10.1152/ajpendo.00464.2016
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Free Triiodothyronine Is Associated With Hepatic Steatosis and Liver Stiffness in Euthyroid Chinese Adults With Non-Alcoholic Fatty Liver Disease
	Introduction
	Materials and Methods
	Study Population
	Physical Examination and Biochemical Tests
	Liver Stiffness and Steatosis
	Statistical Analysis

	Results
	Baseline Characteristics of the Study Population
	FT3 but Not FT4 and TSH Levels Are Associated With Hepatic Steatosis
	Baseline Characteristics of Individuals With or Without Liver Fibrosis in NAFLD
	Comparison of FT3, FT4, and TSH Levels in Different Fibrosis Stages in Participants With Liver Fibrosis
	The Proportions of Participants With NAFLD and Liver Fibrosis Compared Across the Tertiles of FT3 Level
	Association of FT3 Level With the Severity Hepatic Steatosis and Liver Fibrosis by Logistic Regression Analysis
	Association of FT3 Level With the Severity Hepatic Steatosis and Liver Fibrosis by Logistic Regression Analysis in Non-Obese NAFLD
	Association of FT3 Level With the Severity Hepatic Steatosis and Liver Fibrosis by Logistic Regression Analysis in Obese NAFLD

	Discussion
	Conclusions
	Data Availability Statement
	Ethics Statement 
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


