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Low thyroid function is associated i

with an increased risk of advanced
fibrosis in patients with metabolic
dysfunction-associated fatty liver disease

Hong Fan'#*#T, Lili Li"**t, Zhengiu Liu*®’, Pengyan Zhang'?*3* Sheng Wu'?3, Xinyu Han'??,
Xingdong Chen®**%” Chen Suo"?***, Liou Cao®" and Tiejun Zhang'*3*

Abstract

Aims Observational studies showed that low thyroid function may perturb liver function. We aimed to evaluate
the association of low thyroid function with both metabolic dysfunction-associated fatty liver disease (MAFLD) and
advanced hepatic fibrosis.

Methods Participants who underwent abdominal ultrasonography and thyroid function test in a Chinese hospital
from 2015 to 2021were enrolled. Fibrosis-4 index (FIB-4) > 2.67 and/or non-alcoholic fatty liver disease fibrosis score
(NFS)>0.676 were used to define advanced fibrosis. Descriptive analyses were performed to characterize the epi-
demiology of MAFLD according to levels of thyroid-stimulating hormone (TSH). The logistic regression model was
applied to estimate the association of low thyroid function with MAFLD and advanced fibrosis.

Results A total of 19,946 participants (52.78% males, mean age: 47.31 years, 27.55% MAFLD) were included, among
which 14,789 were strict-normal thyroid function, 4,328 were low-normal thyroid function, 829 were subclinical
hypothyroidism. TSH levels were significantly higher in MAFLD patients with a FIB-4 >2.67 and /or NFS>0.676 than
their counterparts. The logistic regression model adjusted for age and sex showed that low-normal thyroid function
increased the risk of MAFLD (odds ratio [OR] = 1.09; 95% confidence interval [CI] 1.01-1.18). Multivariable regression
model adjusted for age, sex, body mass index, type 2 diabetes, and hypertension showed low-normal thyroid function
increased the risk of advanced fibrosis in patients with MAFLD (FIB-4 >2.67: OR=1.41, 95% Cl 1.02-1.93; NFS> 0.676:
OR=1.72,95% Cl 1.08-2.72).

Conclusion Elevated TSH concentrations are associated with advanced hepatic fibrosis, even in the euthyroid state.
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Introduction

Metabolic dysfunction-associated fatty liver disease
(MAFLD) is the leading cause of chronic liver diseases
worldwide, affecting approximately 30% of the global
adult population [1-3]. MAFLD is a nomenclature that
captures fatty liver disease (FLD) with metabolic dys-
functions. A previous study showed that the long-term
complications of MAFLD have made it the most com-
mon cause of liver transplantation [4]. The etiology of
MAFLD involves complex factors, such as obesity, hep-
atitis C infection, and diabetes [5]. Thyroid function has
been proposed as one of the most important risk fac-
tors for its prominent effects on hepatic fatty acid and
cholesterol synthesis [6, 7].

Thyroid hormones play a critical role in maintaining
metabolic homeostasis throughout life and are inti-
mately linked to the liver [6, 7]. Normal thyroid func-
tion is essential for maintaining liver metabolism; while
thyroid disorders affect the clinical progression of liver
disease [8]. In practice, thyroxine (T4), free T4 (FT4),
and thyroid-stimulating hormone (TSH) can well
reflect the decline of thyroid function, while TSH levels
higher than the reference range usually suggest that the
thyroid gland is underactive, as in low thyroid function,
such as subclinical hypothyroidism (SCH) [9]. SCH
is defined as elevated plasma TSH levels with normal
FT4 levels, with a reported prevalence of 4-20% [10].
A previous study reported that of the patients visiting
the clinic, those with both SCH and FLD were heavier
and had more metabolic abnormalities than those with
SCH and a normal liver [11].

For a long time, SCH has been defined as a TSH con-
centration of >4.5 mIU/L with normal T4 and FT4 lev-
els; however, current guidelines suggest that the TSH
level cutoff value should be reduced to 2.5 mIU/L,
which indicates low-normal thyroid function [12, 13].
By reducing the TSH level cutoff value to 2.5 mIU/L,
more individuals in the general population will be clas-
sified with low thyroid function (including SCH and
low-normal thyroid function). Unfortunately, recent
studies investigating the prevalence of low-normal
thyroid function among the general population and
in patients with MAFLD, and the association between
low thyroid function and both MAFLD and hepatic
fibrosis, have been insufficient and have yielded incon-
sistent results [10, 14, 15]. Meanwhile, in China, the
prevalence and other epidemiological characteristics of
thyroid function and FLD are varied owing to changes
in environmental, and socioeconomic factors, and the
rising standard of living. Therefore, it is warranted to
study the relationship between MAFLD and low thy-
roid function in the general population.
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Here, we used data from Jiading District Central Hos-
pital, Shanghai, China who underwent both abdominal
ultrasonography and thyroid function examination to
investigate the association of low thyroid function with
both MAFLD and hepatic fibrosis. By using a relatively
large population data set, this study provides a com-
prehensive analysis of low thyroid function, MAFLD,
and hepatic fibrosis to address the current gap in the
literature.

Methods

Populations and study design

This study included 21,308 adult individuals who under-
went abdominal ultrasonography and thyroid function
tests in a hospital (Jiading District Central Hospital Affili-
ated Shanghai University of Medicine &Health Sciences,
Shanghai, China) from 2015 to 2021. Thyroid function
was evaluated by laboratory determination of thyroxine
(T4), free thyroxine (FT4), and thyroid stimulating hor-
mone (TSH). In the recruitment of the study, individuals
with a history of thyroid disease or treatment (e.g., thy-
roid nodules, thyroid cancer, hypothyroidism, and hyper-
thyroidism) were excluded according to the inpatient
system, outpatient system, and self-report. Individuals
with extreme values and missing aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), albumin,
and fasting glucose levels were excluded before the analy-
sis. Participants who exceed the normal reference range
of FT4 levels (FT4<9.01 pmol/L and FT4>19.04 pmol/L)
and with TSH levels under 0.35 mIU/L were excluded.
The study protocol was approved by the Human Research
Ethical Committee of Shanghai University of Medicine
&Health Sciences.

Disease definition

Fatty liver disease (FLD) was diagnosed by clinicians
based on the abdominal ultrasonography results. For
patients with FLD, MAFLD was identified as the pres-
ence of FLD in addition to one of the following three
criteria: 1. presence of type 2 diabetes mellitus (T2DM);
2. Individuals with body mass index (BMI) > 24; 3. Indi-
viduals who had 2 metabolic risk abnormalities includ-
ing arterial hypertension, hypertriglyceridemia, low
high-density lipoprotein (HDL) cholesterol, and predia-
betes [16]. Hypertension was defined as a systolic blood
pressure of >130 mmHg or a diastolic blood pressure
of > 85 mmHg. Hypertriglyceridemia was defined plasma
triglycerides > 1.70 mmol/L. T2DM was defined as fast-
ing glucose levels>7 mmol/L. Prediabetes was defined
as fasting glucose levels ranging from 5.6 to 6.9 mmol/L.
Individuals with plasma HDL-cholesterol<1.0 mmol/L
for men and<1.3 mmol/L for women were considered



Fan et al. BMC Gastroenterology (2023) 23:3

with low high-density lipoprotein (HDL) cholesterol [16,
17]:

The probability of advanced fibrosis was estimated
using the fibrosis-4 index (FIB-4) and non-alcoholic
fatty liver disease (NAFLD) fibrosis score (NES). The
FIB-4 value of<1.30 and/or NFS of<— 1.455 were used
to exclude MAFLD patients with advanced fibrosis, and
FIB-4 value of >2.67 and/or NFS of>0.676 were used to
identify patients with advanced fibrosis of FLD [18]. The
formula for quantifying NFS [19] and FIB-4 [20] is as fol-
lows: NFS=— 1.675+0.037 x age (years)+ 0.094 x BMI
(kg/m?)+1.13 x impaired fasting glycemia or diabe-
tes (yes 1, no 0)+0.99 x AST/ALT —0.013 x plate-
let (10°/L)—0.66 x albumin (g/dL) and FIB-4=(age
[years] x AST [U/L])/ (platelet [10°/L] x (ALT [U/L])Y?).

Thyroid function parameters including TSH, FT4, and
T4 levels were analyzed. Plasma thyroid hormone levels
were measured in blood specimens collected by veni-
puncture during the physical examination. We used the
normal reference ranges for thyroid function recom-
mended by the manufacturers. Strict-normal thyroid
function was defined as normal plasma TSH and FT4
levels (reference ranges: TSH 0.45 —2.5 mIU/L and FT4
9.01-19.04 pmol/L) [21, 22]. Low thyroid function was
defined by elevated TSH concentrations (>2.5 mIU/L)
but FT4 concentrations within the reference range [21,
22]. Among the patients with low thyroid function, low-
normal thyroid function was defined as a TSH level of
2.5-4.5 mIU/L with a normal FT4 level and SCH was
defined as a TSH level of >4.5 mIU/L with a normal FT4
level.

Statistical analysis

Baseline characteristics between groups were compared
using the chi-square test, Student’s t-test, analysis of vari-
ance and Fisher’s exact test, as appropriate. Continuous
variables are presented as mean=+standard deviation
(SD) and categorical variables as numbers and percent-
ages. Body mass index (BMI) was calculated as body
weight (kg) divided by body height squared (m?). Over-
weight/obese was defined as individuals with a BMI
of > 24 kg/m?.

To assess whether low-normal thyroid function
and SCH were associated with the risk of MAFLD
and hepatic fibrosis, the individuals were categorized
into three groups according to their TSH levels: TSH
0.35-2.5 mIU/L (strict-normal thyroid function), 2.5—
4.5 mIU/L (low-normal thyroid function) and>0.45
mIU/L (SCH) [12, 13, 22].

Multivariable Logistic regression models were used to
identify the associations between low thyroid function
and MAFLD, as well as two non-invasive fibrosis scores
(FIB-4 and NFS) and advanced fibrosis. The covariates
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were set in three ways: model 1 was a univariable regres-
sion model; model 2 was adjusted for age and sex; model
3 was additional adjusted BMI, T2DM, and hypertension.
Odds ratios (ORs) and 95% confidence intervals (ClIs)
were calculated using logistic regression models. Statis-
tical significance was set at P <0.05. All statistical analy-
ses were performed using R statistical software version
4.0.3 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Baseline characteristics of study populations

among thyroid function groups

Finally, a total of 19,946 participants (52.78% males, mean
age: 47.31 years, 27.55% MAFLD) were included. Among
the 19,946 participants with a normal reference range of
thyroid hormone, 14,789 (74.15%) had strict-normal thy-
roid function and 5,157 (25.85%) had low thyroid func-
tion, of which the latter was further subclassified into
4,328 with low-normal thyroid function (21.70%) and
829 with SCH (4.15%) (Table 1). Compared with patients
with strict-normal thyroid function, those with low thy-
roid function were more likely to be older, females; with
higher levels of total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), triglycerides, AST,
fasting glucose; with lower levels of ALT, gamma-gluta-
myl transpeptidase (GGT), platelets count, albumin; and
a higher prevalence of T2DM and hypertension. Com-
pared with patients with low-normal thyroid function,
those with SCH were more likely to be older and have
higher AST, Alkaline phosphatase (ALP), fasting glucose,
and lower platelet count and albumin. The prevalence
of MAFLD showed no significant differences across the
TSH grades (strict-normal, 27.43%; low-normal, 27.90%;
and SCH, 27.99%) (Table 1).

Baseline characteristics of MAFLD patients among thyroid
function groups

Among the 5495 patients with MAFLD and normal ref-
erence range of thyroid hormone, 4056 (73.81%) had
strict-normal thyroid function and 1439 (26.19%) had
low thyroid function, of which the latter was further sub-
classified into 1207 (21.97%) with low-normal thyroid
function and 232 (4.22%) with SCH (Table 2). Compared
with patients with strict-normal thyroid function, those
with low thyroid function were more likely to be older,
females; with a higher prevalence of T2DM and hyper-
tension; with higher levels of total cholesterol, HDL, fast-
ing glucose, and lower levels of ALT, GGT, and albumin.
Compared to patients with low-normal thyroid func-
tion, those with SCH were more likely to be older, with
higher levels of fasting glucose and prevalence of T2DM,
and lower levels of triglycerides. Compared to patients
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Table 1 Characteristics of the study participants according to their TSH levels, n =19,946
Variables Strict-normal thyroid Low thyroid P Value Low thyroid function (n=5,157)

(n=14,789) function (n=5,157)

Low-normal (n =4,328) SCH (n=829) P Value

Age, year 46.10£15.69 50.78£17.71 3.35e—62 49.844+17.34 55.67£18.75 3.23e—16
Male, % 56.17 43.03 2.49e—59 4340 41.13 0.243
BMI, kg/m? 2350+3.32 2350+3.31 0978 23494334 2349+3.17 0933
T2DM, % 574 724 1.26e—04 6.77 9.66 0.004
Hypertension, % 28.52 34.90 1.12e—-17 34.18 38.67 0.015
Total cholesterol 48140091 4.87+£097 8.88e—05 487 4+0.96 492+1.04 0.191
HDL cholesterol 132+£0.33 1.34+0.34 5.97e—-05 1.34+£034 133+£0.34 0.780
LDL cholesterol 297+081 3.00+0.85 0.040 2994084 3.03+£091 0.287
Triglycerides 1584123 1.67+1.40 1.78e—04 1.66+143 1694122 0.545
ALT, U/L 23.67£20.18 2251+£20.25 4.02e—04 22.58+£20.75 22.16+£17.40 0.543
AST, U/L 20.97£9.97 2137+£10.14 0.0149 21.24£10.25 22.03+£954 0.032
GGT, U/L 31.09+£31.39 29.32+32.85 757e—04 29.25+33.31 29.70+30.39 0.701
ALP, U/L 67.81+£19.35 68.03+£22.30 0.523 67.48+21.40 70.90+26.36 4.50e—04
Glucose, mmol/L 5274126 5364131 1.26e—05 5334127 5524151 4.58e—04
Platelets 10%/L 218.81+55.27 216.86+59.63 0.039 218.00459.15 21090+61.78 0.002
Albumin, g/L 46.26£257 46.07£2.73 9.46e—06 46.12£2.69 458042.92 0.003
MAFLD, % 2743 27.90 0.520 27.89 27.99 0.988

T2DM Type 2 diabetes mellitus; BMI Body mass index; HDL High-density cholesterol; LDL Low-density cholesterol; ALT Alanine aminotransferase; AST Aspartate
aminotransferase; GGT Gamma-glutamyl transpeptidase; ALP Alkaline phosphatase; FLD Fatty liver disease; Thyroid function: Strict-normal, TSH 0.35 — 2.5 mIU/L; low,
TSH > 2.5 mIU/L; low-normal, TSH 2.5-4.5 mIU/L; SCH, TSH > 4.5 mIU/L

Table 2 Characteristics of the patients with MAFLD according to their TSH levels, n=5495

Strict-normal N=4056 Low thyroid P Value Low thyroid function (TSH > 2.5 mIU/L)
function N=1439
Low-normal N=1207 SCHN=232 PValue
Age 49.69+ 1546 54.84+16.56 <22e—16 54.02+£16.39 59.06£16.82 3.48e—05
Male, % 75.62 57.09 <22e—16 58.04 52.16 0113
BMI 26.33+£2.81 2633+£294 0.123 26.18+297 26184279 0.370
T2DM, % 12.52 15.08 0.016 14.17 19.83 0.035
Hypertension, % 46.91 5297 9.36e—05 5291 53.25 0.983
Total cholesterol 5.03+0.95 5.07+1.00 0.152 5.07+£0.99 5.07+£1.09 0.947
HDL cholesterol 1124023 1.15+0.26 2.35e—04 1.154+0.26 1.164+0.25 0579
LDL cholesterol 3.15+085 3154089 0912 3.14+0.87 321+£097 0.273
Triglycerides 2374+167 2464182 0.107 2504+1.92 2244+1.17 0.006
ALT, U/L 371742742 341342829 4.28e-04 3440+£29.33 32.76+22.07 0329
AST, U/L 25.67+£13.06 2555+13.59 0.785 25.58+14.08 2543+10.69 0.857
GGT, U/L 47.04£40.94 43.30£4297 0.004 43.82+44.62 40.60433.01 0.202
ALP, U/L 7344+£19.17 72.73+£20.02 0.241 72.88+19.72 71.93+£2157 0532
Glucose, mmol/L 5754£1.70 58841.75 0.019 58341.69 6.134+2.01 0.032
Platelet, 10%/L 221.734+55.35 2212246125 0.781 222.21+6191 216.05+57.52 0.141
Albumin, g/L 46.63£253 46.36 £2.65 0.001 46.38+2.68 46.3042.50 0.675
FIB-4>1.30, % 29.58 40.21 1.87e—13 3791 52.16 6.89e—05
FIB-4>2.67, % 3.39 6.48 7.54e—07 6.40 6.90 0.892
NFS>— 1.455,% 25.09 33.66 4.79e—10 32.09 41.81 0.005
NFS>0.676, % 1.63 341 8.06e—05 349 3.02 0.868

T2DM, Type 2 diabetes mellitus; BMI, body mass index; HDL, high-density cholesterol; LDL, low-density cholesterol; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma-glutamyl transpeptidase; ALP, alkaline phosphatase; FLD, fatty liver disease; Thyroid Function: Strict-normal, TSH 0.4 — 2.5 mIU/L; low
thyroid function: TSH > 2.5 mIU/L; low-normal, TSH 2.5-4.5 mlU/L; subclinical hypothyroidism, TSH > 4.5 FIB-4, fibrosis-4 index; NFS, non-alcoholic fatty hepatic fibrosis

score
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Fig. 1 Boxplots of the associations between thyroid hormone levels (T4, FT4, TSH) and both MAFLD and hepatic fibrosis (using a non-invasive
hepatic fibrosis scoring system). A 19,946 participants. B 5,495 patients with MAFLD. FIB-4 Fibrosis-4 index; FLD Fatty liver disease; NFS Non-alcoholic
fatty hepatic fibrosis score; TSH Thyroid-stimulating hormone; 74 Thyroxine. FT4 Free thyroxine

with strict-normal thyroid function, patients with low
thyroid function with a higher proportion of advanced
fibrosis (FIB-4>2.67: 6.48% vs. 3.39%; NFS >0.676: 3.41%
vs. 1.63%). Among patients with low thyroid function,
FIB-4 values of >1.30 (52.16% vs. 37.91%) and NFS values
of>-1.455 (41.81% vs. 32.09%) were more prevalent in
patients with SCH than in those with low-normal thyroid
function (Table 2).

The association between thyroid dysfunction and MAFLD
The plasma T4 showed no significant difference
between non-MAFLD and MAFLD (T4, 94.03 nmol/L
vs. 93.68 nmol/L;) (Fig. 1). The levels of FT4 and TSH
showed a slight difference between non-MAFLD and
MAFLD (FT4, 14.11 pmol/L vs. 14.01 pmol/L; TSH,
2.10 mIU/L vs. 2.17 mIU/L).

The univariable regression model did not detect any
significant association between thyroid dysfunction
and MAFLD risk. After adjusting for age and sex, the
logistic regression analysis showed that low-normal
thyroid function increased the risk of MAFLD (odds

ratio [OR]=1.09; 95% confidence interval [CI] 1.01-
1.18) (Table 3). In the multivariable regression model
additional adjusted for BMI, T2DM, and hypertension,
the significant association between low-normal thy-
roid function and MAFLD disappeared.

The association between thyroid dysfunction and hepatic
fibrosis in MAFLD patients

Compared with the low fibrosis score group (FIB-4<1.30
and/or NFS < — 1.455), the levels of T4 and FT4 showed
no significant or slight difference with the medium
(1.30<FIB-4<2.67: and/or — 1455<NFS$<0.676)
or high fibrosis score group (FIB-4>2.67 and/or
NES>0.676). The levels of TSH were significant dif-
ference between FIB-4<1.30 and 1.30<FIB-4<2.67
(2.0 mIU/L 3 vs. 244 mlIU/L), FIB-4<1.30 and
FIB-4>2.67 (2.03 mIU/L vs. 2.59 mIU/L), NFS< — 1.455
and — 1.455 <NFS <0.676 (2.06 mIU/L vs. 2.44 mIU/L),
and NFS<— 1.455 and NFS>0.676 (2.06 mIU/L vs.
2.58 mIU/L) (Fig. 1).
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Table 3 The associations between TSH levels and MAFLD, as well as the FIB-4 and NFS values in patients with FLD
Low thyroid function Low thyroid function
Low-nornal SCH
OR (95% CI) P Value OR (95% ClI) P Value OR (95% ClI) P Value
Non-MAFLD Ref Ref Ref
MAFLD Model 1 1.02 (0.95,1.10) 0.508 1.02 (0.95, 1.10) 0.549 1.03 (0.88,1.20) 0.725
Model 2 1.08 (1.00, 1.16) 0.043 1.09(1.01,1.18) 0.028 1.03(0.87,1.22) 0.702
Model 3 1.01(0.92,1.11) 0.803 1.02 (0.93,1.12) 0.690 0.99 (0.81,1.20) 0.921
FIB-4 <1.30 Ref Ref Ref
FIB-4>1.30 Model 1 60 (1.41,1.81) 1.84e—13 1.45(1.27,1.66) 537e—08 2.59(1.99,3.39) 2.26e—12
Model 2 (O 83,1.19) 0.964 0.95(0.79,1.16) 0.632 1.23(0.83,1.83) 0.295
Model 3 0.99 (0.83,1.19) 0.943 0.95(0.78,1.15) 0.597 1.25(0.85, 1.85) 0.266
FIB-4>2.67 Model 1 98 (1.50, 2.59) 7.85e—07 1.95 (1.46, 2. 59) 497e—06 2.11(1.19,3.51) 0.006
Model 2 1.31(0.97,1.77) 0.074 41(1.02,1.93) 0.033 0.92 (0.50, 1.63) 0.795
Model 3 1.32(0.97,1.78) 0.072 41(1.02,1.93) 0.035 0.95(0.51,1.68) 0.874
NFS < — 1455 Ref Ref Ref
NFS>— 1455 Model 1 1.52(1.33,1.73) 444e—10 41(1.23,1.62) 1.54e—06 2.15(1.63,2381) 3.13e—08
Model 2 0.97(0.81,1.16) 0.745 0.97(0.80,1.18) 0.781 0.98 (0.67,1.42) 0.904
Model 3 0.92 (0.76,1.13) 0439 0.94 (0.76,1.17) 0.595 0.86 (0.57,1.28) 0447
NFS>0.676 Model 1 2.13(1.46, 3. 09) 747e—05 2.18(1.46,3.22) 9.76e—05 88 (0.78,3.86) 0.119
Model 2 41(0.93,2.10) 0.100 1.57(1.02,2.39) 0.036 0.79 (031, 1.75) 0.594
Model 3 52(0.97,237) 0.065 1.72(1.08,2.72) 0.022 0.78 (0.29,1.84) 0.592

FIB-4 Fibrosis-4 index; MAFLD Metabolic dysfunction-associated fatty liver disease; NFS Non-alcoholic fatty hepatic fibrosis score, TSH Thyroid-stimulating hormone;

SCH Subclinical hypothyroidism

Thyroid Function: Strict-normal, TSH 0.4-2.5 mIU/L; low thyroid function: TSH > 2.5 mIU/L; low-normal, TSH 2.5-4.5 mIU/L; subclinical hypothyroidism, TSH > 4.5
Model 1 is a univariable regression model; model 2 is adjusted for age and sex; model 3 additionally adjusted for body mass index, type 2 diabetes, and hypertension

The univariable regression model showed that
SCH and low-normal thyroid function were associ-
ated with FIB-4 values of>1.30 (low-normal: OR 1.45;
95%CI 1.27-1.66; SCH: OR 2.59; 95%CI 1.99-3.39) and
NES values of>— 1.455 (low-normal: OR 1.41; 95%CI
1.23-1.62; SCH: OR 2.15; 95%CI 1.63-2.81). These
associations disappeared after adjusted covaries in the
multivariable regression model. Low-normal thyroid
function increased the risk of advanced fibrosis both
in the univariable regression model and multivariable
regression model. The multivariable regression model
adjusted for age, sex, BMI, T2DM, and hypertension
showed that low-normal thyroid function significantly
increased the risk of advanced fibrosis in MAFLD
patients (FIB-4>2.67: OR=141; 95% CI 1.02-1.93;
NFS>0.676: OR=1.72; 95% CI 1.08-2.72) (Table 3).

Discussion

In the present study, we used real-world data to examine
the association of TSH levels with MAFLD and hepatic
fibrosis in patients with normal thyroid hormone levels.
Our findings revealed that low-normal thyroid func-
tion was associated with an increased risk of advanced

hepatic fibrosis in MAFLD patients, which has important
implications for public health.

MAFLD is a nomenclature proposed in 2020 to replace
the definition of NAFLD. Therefore, most of the cur-
rent studies have focused on elucidating the associations
between thyroid function and NAFLD. Generally speak-
ing, NAFLD patients are always characterized by lower
levels of T4 and FT4, and higher levels of TSH [23-30].
As a sensitive indicator of thyroid function, TSH levels
have been studied extensively previously. Several epi-
demiological studies, conducted in various countries
throughout the world, have shown an inverse association
between TSH levels and the prevalence of NAFLD [6, 28,
31], and these associations have further been validated in
longitudinal studies [32] and mendelian randomization
studies [33, 34]. In clinical, elevated TSH levels indicates
hypothyroidism or SCH. Hypothyroidism affects 0.6—
12% of women and 1.3-4% of men worldwide and has
been widely proven to be associated with NAFLD and its
advanced fibrosis risk [6, 35, 36]. It is worth noting that,
in addition to hypothyroidism, SCH, which had a higher
prevalence, was also associated with the risk of NAFLD,
non-alcoholic steatohepatitis, and advanced fibrosis [22,
26,27, 37].
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SCH is a common condition, with a reported preva-
lence of 4-20% [10]. In clinical practice, a TSH level
of<4.5 mIU/L has been applied to diagnose SCH for
many years [12, 13]. Reducing the TSH cutoft level
from 4.5 to 2.5 mIU/L to diagnose SCH means that
more individuals in the general population will be clas-
sified with low thyroid function. In our study, low-nor-
mal thyroid function was much more prevalent than
SCH (21.70% vs. 4.16% in the general population and
21.97% vs. 4.22% in patients with MAFLD). In addi-
tion, findings showed that low-normal thyroid function
increased the risk of advanced fibrosis in two non-inva-
sive fibrosis score systems, which suggests that elevated
TSH within the normal range may be detrimental to
health from a public health perspective.

Although many efforts have been made across the globe
to elucidate the association between thyroid function and
NAFLD, findings have yielded inconsistent results [38]
and the evidence for MAFLD is insufficient. Our study
based on a large sample size to supplement the research
on thyroid dysfunction and MAFLD for current research.
The diagnosis of FLD and the detection of other indica-
tors were performed by professional physicians, which
strengthens our study. However, this study had some
limitations. First, FLD was diagnosed by ultrasound, and
the advanced fibrosis was evaluated by noninvasive fibro-
sis score, which has low PPV and the established asso-
ciations may actually be driven by something else than
fibrosis. Second, selection bias may exist for the patients
who underwent thyroid testing. Third, the study did not
evaluate C-reactive protein, waist circumference, and
insulin resistance, therefore, the prevalence of MAFLD
is underestimated. Finally, the study population was from
one hospital and cannot represent the general popula-
tion. Therefore, Findings need to be validated using more
sophisticated techniques (e.g., MRE and liver biopsies),
and a more representative population.

In conclusion, our findings provide clues that elevated
TSH within the normal range may also increase the risk
of advanced fibrosis in patients with MAFLD, which has
implications for clinical practice and public health.
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