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tion between T3 level and the severity of liver fibrosis.

progression of liver fibrosis.

Background: The severity of liver fibrosis is an important predictor of death in patients with non-alcoholic fatty liver
disease (NAFLD) and type 2 diabetes mellitus (T2DM). However, there is still no definite conclusion on the relationship
between triiodothyronine (T3) and the severity of liver fibrosis. Thus, the aim of this study was to analyze the correla-

Methods: We performed a cross-sectional study of 2072 T2DM patients with normal thyroid function from January
2017 to January 2020. NAFLD fibrosis score (NFS), Fibrosis index based on the 4 factors (FIB-4) and BARD score (BARD)
were used to assess the severity of fibrosis in T2DM patients, and linear regression analyses were used to determine
the factors independently associated with liver fibrosis. Further experiments were performed to assess the impact of
low T3 on fibrosis progression in mice model and explore possible mechanisms.

Results: Free triiodothyronine (fT3) levels had significantly inverse correlations with NFS and FIB-4, and BARD in T2DM
patients (P<0.05). In multiple linear regression analyses, decreased fT3 level was an independent risk factor for the
severity of liver fibrosis of T2DM patients (P<0.01). Findings from in-vivo experiment using mice model proved that
hypothyroidism mice had more severe of liver fibrosis than those mice with normal thyroid function. We also found
that T3 could inhibit the profibrotic TREM2TCD9™ macrophage, which had been identified an important player in the

Conclusion: The findings from this study proved an inverse correlation between T3 level and the severity of liver
fibrosis, and lower T3 level within the normal range was an independent risk factor for severe liver fibrosis.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinico-
pathological syndrome characterized by hepatic steatosis
[1]. It is a liver disease caused by other causes excluding
alcohol, viral hepatitis, autoimmune liver disease and
drugs, and has rapidly become a global public health
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problem [2]. NAFLD is a hepatic manifestation of the
metabolic syndrome (MetS) and is also associated with
many metabolic diseases including type 2 diabetes mel-
litus (T2DM), obesity, hyperlipidemia and arterial hyper-
tension [3]. NAFLD is the most prevalent chronic liver
disease worldwide until now, and its prevalence has been
on the rise over the past decade, with a global prevalence
of 25.24% and a prevalence of 27.37% in Asia [4]. NAFLD
mainly includes non-alcoholic fatty liver (NAFL) and the
more severe non-alcoholic steatohepatitis (NASH), which
is characterized by hepatic steatosis and inflammation
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with or without fibrosis and can progress to cirrhosis or
even hepatocellular carcinoma (HCC) [5].

NAFLD and T2DM are common diseases that often
coexist and can act synergistically to cause adverse
outcomes [6]. The coexistence of NAFLD and T2DM
increases the likelihood of the onset of diabetic compli-
cations and increases the risk of progression of NAFLD
to cirrhosis, HCC, and even death [7]. Studies have
shown that almost 70% of diabetic patients may also have
NAFLD, and the prevalence of biopsy-proven NASH
is 20% in T2DM patients with normal liver function [8,
9]. The prevalence of prediabetes and T2DM is 85% in
patients with NAFLD, and is more than two times higher
than that in the general population [10]. Liver biopsy
studies have clarified that the coexistence of NAFLD and
T2DM has an absolute cumulative effect on cirrhosis,
liver-related and all-cause mortality, and that the adverse
consequences of the coexistence of NAFLD and T2DM
are more severe than either condition alone [11, 12]. The
American Diabetes Association (ADA) recommends
that T2DM patients who have elevated plasma alanine
aminotransferase (ALT) or steatosis of liver should be
screened and evaluated for liver fibrosis and NASH, and
that screening for NAFLD should focus on identifying
patients with liver fibrosis, among whom early inter-
vention may prevent progression to the decompensated
cirrhotic stage [13]. The severity of liver fibrosis is an
important predictor of cirrhosis, liver transplantation
and liver-related death in patients with NAFLD, where
the risk of liver-related death increases exponentially with
increasing fibrosis stage [14]. Studies have shown that
advanced liver fibrosis exists in 5-7% of T2DM patients
and is even more common in obese T2DM patients,
whose prognosis is usually poor and need early interven-
tion to reduce fibrosis progression [15—17]. However, the
pathogenesis of hepatic fibrosis progression is not fully
understood and requires urgent in-depth study.

Thyroid hormones (THs) mainly include thyroxine
(T4) and triiodothyronine (T3) [18]. T4 can become
biologically active T3 by deiodination with type I and II
deiodinases, and free triiodothyronine (fI'3) is the most
sensitive indicator of thyroid function [19]. Hypothyroid-
ism patients have lower THs such as lower free thyroxine
(fT4) and lower fT3 than euthyroid individuals. Hypothy-
roidism is now well established as an important risk fac-
tor for the development of NAFLD [20-22]. In addition,
several studies have demonstrated that hypothyroid-
ism and subclinical hypothyroidism are also important
in promoting NASH and liver fibrosis progression [23—
26]. A cross-sectional study that included 425 patients
with biopsy-proven NAFLD showed that hypothyroid
patients had 2-fold risk of advanced liver fibrosis com-
pared to those with normal thyroid function, suggesting
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that hypothyroidism was an independent risk factor for
advanced fibrosis [27]. Another study showed that the
lower fT3 level, the greater likelihood of patients devel-
oping advanced NASH fibrosis, further demonstrat-
ing fT3 as a key factor of influencing the progression of
fibrosis in patients with NAFLD [26]. However, there was
still no definite conclusion on the relationship between
T3 and the severity of liver fibrosis and the mechanism
was unclear. Thus, we analyzed the correlation between
fT3 levels and liver fibrosis severity in T2DM patients
through a cross-sectional study. In addition, we assessed
the impact of hypothyroidism on progression of liver
fibrosis in mice model of NASH, and explored the pos-
sible mechanism via cell culture.

Methods

Study design

This cross-sectional study was conducted at the First
Affiliated Hospital of Xiamen University from January
2017 to January 2020. The study was approved by the
Ethics Committee of the First Affiliated Hospital of Xia-
men University, and all patients gave informed consent.
This study was conducted in accordance with the fun-
damental principles of the Declaration of Helsinki. All
participants were inpatients with definite diagnosis of
T2DM in the Department of Endocrinology and Diabe-
tes. Inclusion criteria for this study were as following: (1)
Patients with T2DM; 2) No less than 18 years; 3) With
enough data to evaluate thyroid functions and liver fibro-
sis severity. Exclusion criteria for this study were as fol-
lowing: (1) age<18 years; (2) non-T2DM patients; (3)
heavy alcohol consumption (>20 g/day for women and
>30 g/day for men); (4) liver disease due to virus, alcohol,
drugs, autoimmunity and/or total parenteral nutrition;
(5) without complete information such as thyroid func-
tion; (6) patients with overt thyroid diseases or abnormal
thyroid function.

Laboratory testing

Inpatients were fasted overnight for 8 h. Fasting plasma
glucose (FPQG), triglycerides (TG), total cholesterol (TC),
triacylglyceride (TG), high density lipoprotein cho-
lesterol (HDL-C), low density lipoproteincholesterol
(LDL-C), and ALT, aspartate aminotransferase (AST),
serum creatinine (sCr), blood urea nitrogen (BUN),
serum uric acid (SUA) and total bilirubin (TBIL) were
measured by fasting blood sampling the next morn-
ing. fT3, fT4 and thyroid-stimulating hormone (TSH)
were measured by immunoradiometric. Normal values
for fT3 range from 3.5 to 6.5 pmol/L, normal values for
fT4 range from 11.5 to 22.7 pmol/L, and normal values
for TSH range from 0.55 to 4.78 mIU/L. The diagnostic
criteria for normal thyroid function were 3.5<fI'3<6.5
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pmol/L, 11.5<fT4<22.7 pmol/L, and 0.55<TSH<4.78
mlU/L, the diagnostic criteria for hyperthyroidism were
increased fT4 and/or fT3 with TSH <0.55 mIU/L, and the
diagnostic criteria for hypothyroidism were decreased
fT4 and/or fT3 with TSH >4.78 mIU/L.

Data collection

Data such as age, gender, body mass index (BMI), pre-
vious disease history and family history, as well as bio-
chemical parameters including FPG, ALT, AST, TBIL,
TG, TC, HDL-C, LDL-C, BUN, SUA and sCr were col-
lected. Other key biochemical parameters such as thy-
roid hormone levels including TSH, fT4 and fT3 were
collected.

Liver fibrosis score

We assessed the severity of fibrosis in T2DM patients
by three different fibrosis assessment methods: NAFLD
fibrosis score (NFS), Fibrosis index based on the 4 fac-
tors (FIB-4) and the BMI, AST/ALT ratio and Diabetes
(BARD) score (Supplementary Table 1) [28, 29].

Experimental animals

Eight-week-old SPF C57BL/6] mice were housed at
21-23 °C, 55-60% humidity, and 12 h light/dark cycle
with free access to water. Mice were purchased and
acclimatized for 2 weeks, after which they were ran-
domly divided into 3 groups: (1) High-fat with methio-
nine and choline deficiency (HFMCD)-induced NASH
group; (2) HFMCD-induced NASH + Propylthioura-
cil (PTU)-induced hypothyroidism group; (3) control
group. The HFMCD-induced NASH model group was
fed a high-fat and choline methionine-deficient diet
(A06071301B16; Research Diets, New Brunswick NJ); the
HFMCD-induced NASH+ PTU-induced hypothyroid-
ism group was fed with PTU (0.15%, P3755; Sigma) and
the HFMCD diet; the control mice were fed with normal
diet. The experiment lasted for 10 weeks, and the mice
were sacrificed at 18 weeks of age.

Histological staining

Freshly removed mouse liver tissues were immersed in
fixative solution and fixed at room temperature for 12 h.
After washing with 75% ethanol to remove the yellow
color, the tissues were dehydrated with gradient etha-
nol, clear in xylene, waxed and embedded. The embed-
ded tissue was sectioned using a microtome and then
stained according to the Masson staining kit instruc-
tions. After sealing with neutral gum and observed
under the microscope, the cytoplasm and muscle fib-
ers were stained red, while the collagen fibers were
blue. Paraffin-embedded sections were stained with
Hematoxylin-Eosin (HE), and histopathological changes
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in the liver of each group of mice were observed with
Motic VM1 microscope (McAudi, Hong Kong, China).
Paraffin sections of mice liver were immunostained with
anti-a-SMA (1:200, 72026T, CST) and Collagen 1 (1:200,
ab5694, abcam) for immunohistochemistry. Adobe Pho-
toshop (Adobe, San Jose, CA, USA) was used to edit
digital photographs, and Image J (National Institutes of
Health, Bethesda, MD, USA) was used for quantitative
analysis.

Peripheral blood mononuclear cells (PBMCs) isolation

and culture

We collected 5mL of heparin sodium anticoagulated
peripheral blood from a volunteer and used density gra-
dient centrifugation to isolate PBMCs for subsequent cell
culture. Isolated PBMCs were plated into fibronectin-
coated cell culture dishes and subsequent experiments
were conducted 24 h later. PBMCs were cultured in 1640
medium supplemented with 10% fetal bovine serum. The
cells were cultured in culture plates at 37 °C and 5% CO,
in an incubator. To differentiate monocytes into mac-
rophages, PBMCs were grown in 1640/FBS medium con-
taining 100nM Phorbol-12-Myristate-13-Acetate (PMA)
with a 2-day changing medium, during which PBMCs
were treated with 100ng/mL T3 or Dimethyl sulfoxide
(DMSO), and subsequent flow cytometry was performed
after 6 days of culture.

Flow cytometry

FITC anti-CD14" cell antibody (Biolegend, 367,116),
PerCP-Cy5.5-anti-CD9™" cell antibody (Biolegend, 312,110),
PE/Cy7 anti-CSFIR antibody (Biolegend, 347,308) and
APC-TREM2" cell antibody (R&D Systems, FAB17291A)
were used to analyze the ratio of CD9TTREM2™ cells of
macrophages in PBMCs of T3-treated samples and DMSO-
treated controls. The Quanteon flow cytometer (ACEA Bio-
sciences) was used to perform flow cytometry.

Statistical analysis

Continuous variables were expressed as mean with
standard deviation (SD) and categorical variables were
expressed as frequencies with percentages. Independent
t-test or ANOVA test was used for continuous variables,
and a chi-square test was used by us for categorical vari-
ables to assess the statistical differences between groups.
To assess whether thyroid function was independently
associated with liver fibrosis, we divided subjects into 3
groups according to TSH, fT3, and fT4 levels from low to
high, and analyzed the correlation between the severity
of liver fibrosis and the changes of THs levels. The inde-
pendent impact of THs on liver fibrosis progression was
investigated using multivariate logistic regression analy-
sis. All statistical analyses were performed using STATA
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(Version 12.0). Statistical significance was defined as a P
value < 0.05.

Results

Clinical cross-sectional study

Characteristics of included patients

A total of 2072 T2DM patients with normal thyroid
function were included. The mean age of the included
patients was 56.2+13.8 years, and 1269 (61.24%) of
them were male. Among the included individuals, 898
patients had hypertension and 343 patients were obese
(BMI >28). The mean levels of fT3, fT4 and TSH were
4.6 £0.5 pmol/L, 16.7+2.2 pmol/L, and 1.7 0.9 mIU/L,
respectively. The mean NFS, FIB-4 score and BARD score
was —1.241.2,1.14+0.8 and 2.3+ 1.0, respectively.

Correlation between thyroid hormone levels and the severity
of liver fibrosis in euthyroid T2DM patients
Euthyroid T2DM patients were classified into 3 groups
according to the risk of fibrosis by NES, FIB-4 score or
BARD score. The results showed that fT3 levels were
significantly different among those groups classified by
NES, FIB-4 or BARD, and fT3 and fT4 levels were lower
in the high-risk group than in the low-risk group (Fig. 1;
Tables 1 and 2, Supplementary Table 2). We also found
a significantly inverse correlation between fI3 levels
and NFS and FIB-4 by linear correlation analyses (r=-
0.20, P<0.001; r=-0.16, P<0.001); fT4 levels also had an
inverse linear correlation with NFS and FIB-4 (r=-0.21,
P<0.001; r=-0.15, P<0.001); TSH levels were only posi-
tively correlated with FIB-4 (r=0.08, P=0.001) (Fig. 2).
We also divided patients into three groups according to
fT3 levels from low to high. The results showed that NES,
FIB-4 and BARD all decreased significantly with increas-
ing fT3 levels (P<0.001) (Supplementary Table 3).

Reduced fT3 level was an independent risk factor for the
severity of liver fibrosis in euthyroid T2DM patients

Multiple linear regression analyses were used to fur-
ther explore key risk factors of influencing the severity
of liver fibrosis. We found that decreased fI3 level was
an independent risk factor of liver fibrosis. After adjust-
ing for confounders such as blood pressure, UA, and
glucose, T3 levels were significantly and negatively cor-
related with NFS, FIB-4, and BARD scores (P<0.001);
fT4 levels were negatively correlated with NFS and FIB-4
(P<0.001), but not with BARD (P=0.491) (Tables 3, 4
and 5). After dividing the patients into three groups (<45
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years, 45—65 years, > 65 years), linear regression analyses
between fIT'3 and BARD scores were performed among
patients in each age group. The results of univariate lin-
ear regression analysis showed a significant correlation
between fT3 levels and BARD scores in both patients
of <45 years and 45-65 years (P=0.002, P<0.0001). A
marginally significant correlation between fI3 levels
and BARD scores in patients of >65 years was observed
(P=0.068). The results of multiple linear regression
analyses showed that fT3 levels were independently cor-
related with BARD scores in patients aged <45 and 45-65
years after adjustment for SBP, DBP, duration, Cr, fT4,
TSH and UA (P=0.007, P=0.005). The above results
suggested reduced fT3 levels as an independent risk fac-
tor of liver fibrosis in T2DM patients with normal thyroid
function, and that patients with higher fT3 levels within
the normal range were at lower risk for liver fibrosis.

Low T3 levels exacerbated liver fibrosis in NASH mice and T3
inhibited the profibrotic macrophages

Through animal model studies, we found that hypothy-
roidism exacerbated the severity of liver fibrosis in NASH
mice, and hypothyroidism mice had more severe of
liver fibrosis than those mice with normal thyroid func-
tion (Fig. 3-A). The results of collagen volume fraction
detected by Masson staining showed that the severity of
liver fibrosis was highest in NASH mice with hypothy-
roidism compared to the control and NASH model mice
(P<0.0001, P=0.0002) (Fig. 3-A). In addition, we found
that liver immunostaining for a-SMA and collagen 1 was
increased in NASH mice with hypothyroidism (Fig. 3-B).
The above results suggested that reduced T3 may pro-
mote the progression of liver fibrosis in NASH mice.

A study in 2019 identified a subpopulation of profi-
brotic TREM2TCD9' macrophages, which had a key
role in the progression of liver fibrosis [30]. In our in-
vitro experiment, CD9*TREM2' macrophage subpopu-
lation was found to be significantly decreased in the T3
intervention group by flow cytometry, and the cell count
of CD9*TREM2" macrophages were also significantly
decreased (Fig. 4-A and B).

Discussion

The relationship between fT3 level and liver fibrosis is
still unclear. Therefore, we performed a cross-sectional
study to evaluate this relationship. This study included
2072 T2DM patients and found that fT3 levels in T2DM
patients were significantly and negatively correlated with

(See figure on next page.)

Fig. 1 Changes in fT3,fT4, and TSH levels in the groups classified by the severity of liver fibrosis according to NFS, FIB-4 and BARD (A. Changes in
fT3, fT4, and TSH levels among the groups classified by NFS; B. Changes in T3, fT4, and TSH levels among the groups classified by FIB-4; C. Changes
in fT3, fT4, and TSH levels among the groups classified by BARD. Patients were divided into 3 groups according to NFS, FIB-4 and BARD score from

low to high, and differences between groups were analyzed.)
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Table 1 Differences in the clinical features among those groups classified by NFS

Parameters Q1 Q2 Q3 P values
Number 690 691 691

Gender (Male, %) 418(60.6%) 424(61.4%) 427(61.8%) 0.896
Age (Year, Mean +SD) 46.75(12.96) 55.67(11.45) 64.72(10.61) <0.001
Hypertension (%) 213(30.9%) 292(42.2%) 393(56.9%) <0.001
BMI (kg/M2, Mean £ SD) 24.00(3.76) 24.57(3.54) 25.52(4.55) <0.001
Obesity (%) 87(12.6%) 105(15.2%) 151(21.8%) <0.001
Duration (Year, Mean £ SD) 7.60(2.16) 7.95(3.91) 8.36(2.97) <0.001
TSH (mIU/L, Mean = SD) 1.70(0.88) 1.68(0.86) 1.79(0.91) 0.066
fT4 (pmol/L, Mean = SD) 17.37(2.17) 16.65(2.17) 16.16(2.12) <0.001
fT3 (pmol/L, Mean +SD) 4.71(0.56) 4.57(0.50) 4.46(0.49) <0.001
BMI Body mass index, TSH Thyroid stimulating hormone, T3 Free triiodothyronine, fT4 Free thyroxine

Table 2 Differences in the clinical features among those groups classified by FIB-4 Score

Parameters Q1 Q2 Q3 P values
Number 690 691 691

Gender (Male, %) 404(58.6%) 415(65.3%) 404(58.5%) 0.795
Age (Year, Mean £+ SD) 45.13(12.24) 57.44(1049) 64.57(10.94) <0.001
Hypertension (%) 205(29.7%) 319(46.2%) 374(54.1%) <0.001
BMI (kg/M2, Mean £ SD) 24.84(3.90) 24.75(4.33) 24.50(3.81) 0.166
Obesity (%) 121(17.5%) 113(16.4%) 109(15.8%) 0.668
Duration (Year, Mean £ SD) 7.56(2.19) 8.14(3.96) 8.20(2.90) <0.001
TSH (mIU/L, Mean = SD) 1.60(0.79) 1.76(0.93) 1.81(0.90) <0.001
fT4 (pmol/L, Mean = SD) 17.32(2.19) 16.57(2.12) 16.29(2.18) <0.001
fT3 (pmol/L, Mean £ SD) 4.68(0.55) 4.58(0.50) 4.47(0.50) <0.001

BMI Body mass index, TSH Thyroid stimulating hormone, fT3 Free triiodothyronine, fT4 Free thyroxine

the severity of liver fibrosis, and lower fI3 level within
the normal range was an independent risk factor of liver
fibrosis.

The association between THs and liver fibrosis is
unclear and has become a hot topic of research. A recent
meta-analysis included 14 cohort studies of 17,301
patients with biopsy-proven NAFLD and showed that
the 5- and 10-year all-cause mortality rates for stage 0-2
fibrosis were 3.3% and 7.7%, respectively, while the 5-
and 10-year all-cause mortality rates for stage 4 fibrosis
were as high as 20.6% and 41.5%. The risk of liver-related
mortality was found to increase exponentially with the
progression of fibrosis, with a 15.1-fold increased risk of
death for stage 4 fibrosis compared with stage 1 fibrosis
[31]. Another meta-analysis included 13 studies and a
total of 4428 patients with biopsy-proven NAFLD, and
found that all-cause mortality and liver-related mor-
tality were 3.42 and 11.13 times higher in patients with
stage 4 fibrosis than in patients without fibrosis [32]. All
of these data suggest that the risk of all-cause and liver-
related mortality in patients with NAFLD increases sig-
nificantly with the severity of fibrosis. Therefore, fibrosis

is a key determinant of clinical prognosis in patients with
NAFLD and requires timely screening and treatment. It
has also been shown that T2DM patients have a higher
prevalence of liver fibrosis compared to non-T2DM
patients [33], and T2DM significantly increases the risk
of liver fibrosis in overweight or obese individuals, sug-
gesting that screening for liver fibrosis is important in
adults with T2DM [17].

Some observational studies explored the influence of
THs on liver fibrosis. A study showed that the severity
of fibrosis in NAFLD patients was negatively correlated
with the levels of fT3, and low fT3 levels were an inde-
pendent risk factor for severe liver fibrosis [34]. Another
study showed that fT3/fT4 ratio was higher in NASH
patients with cirrhosis than in healthy controls and could
be used as a non-invasive marker of liver fibrosis severity
in NASH patients [35]. A cross-sectional study collected
liver biopsies from 85 patients with different stages of
NASH who underwent bariatric surgery and found that
THRB mRNA expression levels were significantly nega-
tively correlated with NAFLD severity, suggesting a lower
response in the liver to THs during disease progression
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Fig. 2 Linear correlation analyses of liver fibrosis scores with fT3, fT4 and TSH levels (A. Linear correlation analyses of NAFLD fibrosis score (NFS) with
fT3, fT4 and TSH levels; B. Linear correlation analyses of FIB-4 score with fT3, fT4 and TSH levels. All T2DM patients were included, and the correlation
coefficient r and corresponding P value were shown in the figure.)

Table 3 Multiple linear regression analyses of factors associated with NFS

Parameters

NAFLD fibrisos score

Univariate linear regression

Multiple linear regression

B (95% Cl) P B (95% Cl) P
Duration (Year) 0.033(0.016~0.050) <0.001 0.015(-0.001 ~0.032) 0.058
TSH (mIU/L) 0059( 0.002~0.120) 0.056 - -
T4 (pmol/L) 118(-0.142~-0.095) <0.001 -0.088(-0.112~ -0.064) <0.001
fT3 (pmol/L) -0. 466( 0.566~ -0.366) <0.001 -0.199(-0.304~ -0.094) <0.001
SBP 0.005(0.002 ~0.008) <0.001 0.011(0.008~0.015) <0.001
DBP -0.019(-0.024~-0.014) <0.001 -0.026(-0.032~-0.020) <0.001
Cr 0. OOS(O 004~0.007) <0.001 0.004(0.002 ~0.006) <0.001
Mean glucose 06(0.077~0.136) <0.001 0.073(0.044~0.102) <0.001
UA 0. 001( 0.001~0.001) 0.058 - -

TSH Thyroid stimulating hormone, fT3 Free triiodothyronine, fT4 Free thyroxine, systolic blood pressure, DBP Diastolic blood pressure, Cr Creatinine, UA Uric acid

[36]. A case-control study included 29 patients with cir-
rhosis and 50 healthy controls showed that fT4 and fT3
levels were significantly lower in patients with cirrhosis
than in healthy controls even though fT4 and fT3 levels
were within normal range, and fT3 levels were negatively
correlated with the severity of liver dysfunction [23].
Another single-center study found a significant nega-
tive correlation between fT3 levels and severity of liver
fibrosis [26]. However, a cross-sectional study showed a

positive correlation between fI'3 levels and the severity
of liver fibrosis in patients with NAFLD [34]. Therefore,
the relationship between fT3 levels and liver fibrosis is
still inconclusive. The findings from our study suggested
that lower fT3 level within the normal range was an inde-
pendent risk factor for the progression of liver fibrosis.
However, most studies including our present study used
retrospective design and could not provide a precise esti-
mate on the influence of THs on liver fibrosis owing to
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Table 4 Multiple linear regression analyses of factors associated with FIB-4 Score
Parameters FIB-4 score

Univariate linear regression Multiple linear regression

B (95% CI) P B (95% CI) P
Duration (Year) 0.013(0.002~0.024) 0.024 0.005(-0.006~0.016) 0377
TSH (mIU/L) 0.076(0.037~0.115) <0.001 0.058(0.018~0.099) 0.005
T4 (pmol/L) -0.053(-0.069~ -0.038) <0.001 -0.037(-0.054~-0.021) <0.001
fT3 (pmol/L) -0.236(-0.301~-0.172) <0.001 -0.144(-0.216~-0.073) <0.001
SBP 0.001(-0.001 ~0.003) 0.331 - -
DBP -0.009(-0.012~ -0.006) <0.001 -0.007(-0.010~ -0.004) <0.001
Cr 0.002(0.001 ~0.003) <0.001 0.001(0.0005 ~0.002) 0.003
Mean glucose 0.050(0.030~0.069) <0.001 0.037(0.017~0.057) <0.001
UA 0.0002(-0.0001 ~0.001) 0.148 - -

TSH Thyroid stimulating hormone, fT3 Free triiodothyronine, fT4 Free thyroxine, Systolic blood pressure, DBP Diastolic blood pressure, Cr Creatinine, UA Uric acid

Table 5 Multiple linear regression analyses of factors associated with BARD Score

Parameters BARD Score

Univariate linear regression Multiple linear regression

B (95% Cl) P B (95% CI) P
Age (Year) 0.016(0.013~0.019) <0.001 0.013(0.009~0.017) <0.001
Duration (Year) 0.009(-0.005 ~0.023) 0.196 - -
TSH (mIU/L) 0.083(0.033~0.132) 0.001 0.073(0.023~0.123) 0.004
T4 (pmol/L) -0.032(-0.052~-0.013) 0.001 0.007(-0.014~0.028) 0491
fT3 (pmol/L) -0.306(-0.388~ -0.224) <0.001 -0.176(-0.265~ -0.086) <0.001
SBP 0.003(0.0003 ~0.005) 0.022 -0.0001(-0.003 ~0.003) 0.930
DBP -0.006(-0.010~-0.002) 0.004 -0.002(-0.007 ~0.004) 0.596
Cr 0.002(0.001 ~0.004) <0.001 0.001(0.0003 ~0.003) 0.011
UA 0.0003(-0.0002 ~0.0007) 0216 - -

TSH Thyroid stimulating hormone, fT3 Free triiodothyronine, fT4 Free thyroxine, Systolic blood pressure, DBP Diastolic blood pressure, Cr Creatinine, UA Uric acid

the impact of confounding factors. Therefore, the causal
relationship between THs and liver fibrosis needs to be
evaluated in depth with prospective cohort studies in the
future.

The relationship between fT3 levels and liver fibrosis
in patients without T2DM had been studied in several
studies. A recent meta-analysis included 18 case-control
studies with a total of 3336 participants and analyzed the
correlation between thyroid hormones and the sever-
ity of cirrhosis in patients [37]. The results showed that
fT3 and fT4 levels decreased and TSH levels increased in
patients with cirrhosis and that fT3 levels were negatively
correlated with the Child-Pugh score, a measure of the
severity of cirrhotic dysfunction [37]. A study of a prog-
nostic prediction model for patients with chronic liver
failure showed that fT3 was a protective factor for prog-
nosis in patients with Hepatitis B virus-related acute-on-
chronic liver failure (HBV-ACLF) [38]. It was also found

that fT3 levels were significantly lower in both cirrhotic
patients and HCC patients than in healthy controls [39].
Some studies have shown a decrease in fT3 levels with
increasing age. There is a modest decline in the fT3 levels
in older persons compared with those non-old individu-
als, and an increased prevalence of hypothyroidism in the
elderly population [40, 41]. The changes of fT3 levels in
T2DM patients compared with healthy populations had
been explored by some studies and the findings suggested
lower fT3 levels in T2DM patients than in non-T2DM
controls [42, 43].

Based on the results of the above studies, we should
promptly screen T2DM and NAFLD patients for thyroid
function especially fT3 levels. If NAFLD patients have
hypothyroidism or if patients have normal thyroid func-
tion but low fT3 levels, they may be at high risk of liver
fibrosis progression. To reduce the risk of liver fibrosis
among those patients, THs replacement therapy may be
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Fig. 3 Experiment using mice model showed that T3 deficiency may promote liver fibrosis progression (A. Representative images of liver sections
stained by HE and Masson staining from control, NASH and NASH + PTU mice (original magnification, x 200); B. Immunohistochemistry of a-SMA
and Collagen 1 expression in each group.)

considered. A study found that low-dose T4 was a treat-
ment for hepatic steatosis and early stage of NASH, while
low-dose T3 or thyroxine analogs may be more effective
in the advanced stages of NASH [44]. Recently, THRB
agonists were found to be effective for the prevention
and treatment of hepatic steatosis and NASH [45]. For
example, Resmetirom (MGL-3196), a THRp agonist, sig-
nificantly improved hepatic steatosis in NASH patients
and ameliorated the progression of liver fibrosis in mice
with advanced NASH without affecting body weight
[46, 47]. In a mouse model of cirrhosis due to severe
NASH, administration of T3 reduced hepatic triglyc-
erides, hepatic inflammation and liver fibrosis [48]. In
addition, we assessed the impact of hypothyroidism on
the progression of liver fibrosis in mice model of NASH.
The results proved that hypothyroidism mice had more
severe of liver fibrosis than those mice with normal thy-
roid function.

Liver fibrosis is the result of excessive repair of chronic
liver injury, mainly manifested by excessive produc-
tion and deposition of extracellular matrix (ECM) [49].
Hepatic stellate cells (HSCs) are involved in the forma-
tion of fibrosis during the progression of liver disease,
and activated HSCs are the main source of ECM in liver
fibrosis [50]. Under physiological conditions, HSCs are
in a resting state and regulate the homeostasis of ECM;
while during the progression of liver fibrosis, factors
such as pro-fibrotic factors released from inflammatory
cells activate HSCs, which convert them into myofibro-
blasts with proliferative and contractile functions and
synthesize excessive collagen fibers, resulting in massive
ECM and fibrous tissue formation [50]. Activation of
HSCs involves multiple factors, such as platelet-derived
growth factor (PDGF), transforming growth factor
(TGF-P) and TNF-a can induce the activation of HSCs
[51-54]. However, the pathogenic mechanisms causing
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Fig. 4 T3 inhibited the profibrotic TREM2*CD9 macrophage(A. Flow cytometry showing the proportion of TREM2TCD9" macrophages in the
T3 intervention group versus the control group; B. Difference in the TREM2TCD91 macrophages percentage (left) and cell counts (right) between

the progression of liver fibrosis are not fully understood
and need to be studied in depth.

The mechanism underlying the influence of fT3 on
liver fibrosis has not been elucidated. A study found
that T3 ameliorated the progression of liver inflamma-
tion and fibrosis in NASH mice by restoring autophagy

and mitochondrial biosynthesis, thereby increasing fatty
acid p-oxidation [48]. FT3 in the liver can bind to thy-
roid hormone receptors (TRs) o and TRp, which can
further reduce intrahepatic triglyceride and cholesterol
levels and restores mitochondrial function in hepato-
cytes [55]. Alonso-Merino et al. reported that collagen
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spontaneously accumulated in the liver of TRs knockout
mice, and T3 supplementation inhibited CCl4-induced
liver fibrosis [55]. They proposed that T3 could antago-
nize TGF-B-mediated liver fibrosis progression by inhib-
iting SMAD transcriptional activity [55]. It was also
found that T3 may ameliorate the inflammatory response
and progression of cirrhosis in mice with alcoholic fatty
liver by negatively regulating the NLRP3 signaling path-
way [56]. However, the mechanisms underlying the role
of FT3 in liver fibrosis are still largely elusive, and need to
be studied in future. In our study, we found that T3 could
inhibit the profibrotic macrophage TREM2*tCD9*" mac-
rophage, which had been identified an important player
in the progression of liver fibrosis.

The present study is a cross-sectional study and is
unable to assess the causality relationship between lower
fT3 level and progression of liver fibrosis. Cohort stud-
ies with the ability of assessing the causality relationship
are needed to adequately evaluate lower T3 level is a risk
factor for the progression of liver fibrosis. Besides, the
relationship between lower fT3 level and liver fibrosis in
healthy individuals or patients with non-T2DM diseases
still need to be explored in additional studies.

In summary, the findings from this study proved an
inverse correlation between T3 level and the severity of
liver fibrosis, and lower T3 level within the normal range
was an independent risk factor for severe liver fibrosis.
Routine monitoring of serum fI3 levels in T2DM or
NAFLD patients may be important for identifying indi-
viduals with advanced liver fibrosis or those at high risk
of fibrosis progression.
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