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Abstract

Aim of the study: Evaluation of thyroid function and thyroid autoimmunity in patients with non-alcoholic fatty
liver disease (NAFLD).

Material and methods: A case control study. Fifty patients with NAFLD and 50 control subjects matched by gen-
der and age were recruited. Serum thyroid stimulating hormone (TSH) and free thyroxine (FT4) were measured
to assess thyroid function. Thyroid autoimmune disease was evaluated by measuring thyroid peroxidase antibody
(TPOADb) and anti-thyroglobulin antibodies (TgAb). The FIB-4 score and the APRI score were calculated to assess
the degree of fibrosis. The association between thyroid parameters and NAFLD was explored.

Results: About one quarter of patients with NAFLD had hypothyroidism compared to 10% of the control group
whilst 6% of NAFLD patients had hyperthyroidism compared to 2% of the controls. NAFLD cases showed sub-
stantially higher TSH and lower FT4 compared to controls; meanwhile, levels of fibrosis indices (FIB-4 and APRI
score) were significantly higher among hypothyroid patients in both cases and controls. TSH had a positive strong
correlation with FIB-4 and APRI score, whereas FT4 had a negative significant correlation with both fibrosis
indicators, and this clinical relationship was similar in NAFLD cases and controls.

Conclusions: Hypothyroidism is more prevalent among patients with NAFLD compared to controls and high
levels of TSH with low FT4 might be a risk factor for NAFLD and may impact the development of liver fibrosis.
The role of thyroid autoimmunity in NAFLD needs further assessment. NAFLD patients should be monitored
by yearly TSH and FT4 testing.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is one of
the most common chronic liver diseases. The disease
spectrum includes benign steatosis (fat accumulation
in liver cells) and steatohepatitis. A small percentage
of NAFLD patients (15%) who develop steatohepatitis
have a significant risk of developing fibrosis in a short

period of time which can progress to cirrhosis and he-
patocellular carcinoma [1, 2]. The highest prevalence of
NAFLD is 32% is reported in the Middle East and 31%
in South America with Asia (27%), the United States
(24%), Europe (23%), and Africa trailing behind (14%)
[3-5]. Although the pathogenesis of NAFLD is not fully
understood, it is widely accepted that NAFLD is caused
by the interaction of the complex genetic background
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and environmental factors. Insulin resistance increas-
es adipose tissue lipolysis, leading to free fatty acid
and triglyceride deposition in the liver [3]. Metabolic
disorders such as hypertension, diabetes, hyperlipid-
emia, and central obesity are considered risk factors
for NAFLD |[6, 7]. Patients with NAFLD have higher
liver-related morbidity or mortality than the general
population as well as a high risk of extra-hepatic dis-
orders such as cardiovascular disease, chronic renal
disease, and endocrine disorders (i.e., type 2 diabe-
tes mellitus, insulin resistance, metabolic syndrome
and thyroid dysfunction) [5, 8]. Thus, the identifica-
tion of NAFLD risk factors is required for the devel-
opment of new screening tools and preventative or
treatment strategies. Thyroid hormones are involved
in regulating body weight, glucose and lipid metab-
olism as well as insulin resistance. As a result, thy-
roid hormones may have a role in the pathogenesis of
NAFLD [9]. Hypothyroidism is associated with re-
duced lipolysis and hepatic uptake of free fatty acids
derived from triglycerides [1, 10]. Thyroid hormone
disturbances can lead to hyperlipidemia and obesi-
ty, which can contribute to NAFLD [11]. In animal
models, thyroid hormone analogues [12, 13] were
utilized to decrease liver fat accumulation. Thyroid
hormone analogues have also been shown in clinical
investigations to improve NAFLD [6]. Treatment of
hypothyroidism may minimize the risk of NAFLD
and associated consequences [11]. Several studies
have found an inverse relationship between NAFLD
morbidity and thyroid hormone levels in hypothyroid
and euthyroid people; thus early identification of at-
risk patients is crucial [6, 12, 14]. A link between thy-
roid disorders and NAFLD is increasingly being ad-
dressed and the results are controversial [11, 15, 16].
Thyroid stimulating hormone (TSH) level has been
linked to the prevalence of NAFLD in several stud-
ies, and TSH level may be an important risk factor
for NAFLD [17]. Other thyroid hormones, such
free thyroxine (FT4), have been linked to NAFLD
[18, 19]. However, the relationship between NAFLD
and FT4 levels varies by population [1, 4]. The link
between thyroid antibodies and NAFLD is unknown,
and there have been few previous studies [16, 20]. It is
also unknown whether disturbance in thyroid func-
tion influences the risk of fibrosis in NAFLD patients.
To validate and better define the suggested link be-
tween NAFLD and thyroid function, this study was
conducted aiming to estimate the prevalence of thy-
roid disorders in patients with NAFLD and to correlate
thyroid function and thyroid autoimmunity with
NAFLD and liver fibrosis scores.

Material and methods

A case control study. Ethical approval was obtained
from the institutional ethics committee and informed
consent was obtained from all patients and controls
who participated in the study. The study included
50 patients with NAFLD aged 18 years and up who had
NAFLD and were evaluated in the Hepatology Outpa-
tient Clinics in Alexandria University Hospitals. Fifty
age- and sex-matched participants served as the control
group. Controls were required to have normal liver tests
[alanine aminotransferase (ALT) < 45 IU/], aspartate
aminotransferase (AST) <40 IU/], bilirubin < 1.5 mg/d],
and alkaline phosphatase < 150 TU/I)], as well as the
absence of any acute or chronic liver illness and the ab-
sence of fatty liver on at least one radiographic imaging
scan. NAFLD was defined as a persistent increase in se-
rum ALT or AST of at least 1.5 times the upper limits of
normal for at least 3 months and/or the presence of the
following four ultrasonographic criteria: hepatorenal
echo contrast, liver brightness, deep attenuation, and
vascular blurring in the absence of (a) seropositivity
for hepatitis B surface antigen or antibody to hepatitis
C virus; (b) alcohol consumption; (c) history of other
causes of liver disease; and (d) medications known to
produce fatty liver disease during the 6 months before
the study and/or a liver biopsy showing more than
10% steatosis with necro-inflammatory changes after
other causes of liver disease had been ruled out [21, 22].

Subjects with a history of drinking alcohol, any
laboratory or clinical evidence of a coexisting chron-
ic liver disease, such as viral hepatitis, autoimmune
hepatitis, hepatobiliary malignancies, Wilson’s disease,
hemochromatosis, al antitrypsin disease, or chron-
ic cholestatic liver disease, were excluded. Patients
with chronic kidney disease, diabetes, metabolic syn-
drome or a history of surgery that leads to secondary
NAFLD such as gastropexy, jejunal bypass, small bow-
el resection and biliopancreatic diversion were exclud-
ed from the study. Patients with current or previous
use of fatty liver inducing pharmacological agents such
as amiodarone, tamoxifen, corticosteroids, and meth-
otrexate, patients with a history of thyroid disease,
previous or current intake of iodine, antithyroid agents
or thyroid hormones were also excluded. Pregnancy,
breast feeding, use of oral contraceptives or hormonal
intrauterine devices were also considered as exclusion
criteria.

History taking and physical examination were per-
formed in all participants. The height and weight of the
participants were measured. Body mass index (BMI)
was calculated as body weight in kg divided by height
in meters squared. Platelet count was performed by
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a Sysmex-XT 1800i automated hematology analyzer
(Sysmex, Japan). Laboratory tests such as ALT, AST,
total cholesterol, triglycerides (TG) and low-density li-
poprotein (LDL) were measured by a Dimension Rxl
Max chemistry auto-analyzer (Siemens Health Care di-
agnostics, USA). Serum thyroid stimulating hormone
and FT4 were measured using an ADVIA Centaur XP
automated immunoassay analyzer (Siemens Health
Care diagnostics, USA). Thyroid peroxidase antibody
(TPOAD) and anti-thyroglobulin antibodies (TgAb)
were measured using a COBAS E411 automated immu-
noassay analyzer (Roche Diagnostics, Germany) [23].
TSH (0.4-4.0 mIU/1) and FT4 (0.85-1.95 ng/dl) refer-
ence ranges were established. If serum TSH was within
the reference range, thyroid function was considered
euthyroid. TSH values more than 4.0 mIU/I alone or
together with FT4 levels less than 0.85 ng/dl were used
to diagnose hypothyroidism. TSH values of less than
0.4 mIU/I and FT4 levels of more than 1.95 ng/dl were
used to characterize hyperthyroidism. TPOAb and
TgAb were considered positive following the directions
of the test manufacturer [16]. The FIB-4 score (fibro-
sis index based on a 4-factor score) was automatically
computed using the formula: age (years) x AST [U/1]/
(platelets [10°/1] x (ALT [U/1])"2, with the patients age
being the age at the time of the research. The APRI
score (aspartate aminotransferase to platelet ratio in-
dex) was obtained by multiplying “AST/upper limit of
normal/platelet count [10%/1]” by 100. In our institution,
the maximum limit of normal for AST is 40 TU/I [24].
The prevalence of thyroid dysfunction was estimated
among NAFLD patients and compared to control sub-
jects. The association between thyroid parameters and
NAFLD and the degree of fibrosis was explored.

Statistical analysis of the data

Data analysis was conducted using IBM SPSS soft-
ware package version 20.0. (Armonk, NY: IBM Corp).
The Kolmogorov-Smirnov test was used to verify the
normality of distribution of variables. Comparisons
between groups for categorical variables were assessed
using the x* test or Fishers exact test accordingly.
Student’s t-test was used to compare two groups for
normally distributed quantitative variables while the
Mann-Whitney test was used to compare between two
groups for non-normally distributed quantitative vari-
ables. Spearman’s coefficient was used to correlate be-
tween quantitative variables. Linear regression models
were developed to test the difference between NAFLD
cases and controls in different parameters after adjust-
ment for age, BMI and thyroid status. Significance of
the obtained results was judged at the 5% level.

Results

Both groups were recruited with a similar percent-
age of males and females, but there was a significant
difference in age, as cases were significantly older than
controls (47.9 £3 vs. 45.7 +4 years), and in BMI where
cases had higher BMI (31.6 +4.7 vs. 25.4 £2.3 kg/m?).
As compared to controls, cases showed significantly
higher levels of TC, TG, LDL, ALT and AST while the
platelet counts were significantly lower (207.1 £109.7
vs. 294.6 £71.6) (Table 1).

In terms of the thyroid profile, about one quarter of
patients with NAFLD had hypothyroidism compared
to 10% of the control group whilst 6% of NAFLD pa-
tients had hyperthyroidism compared to 2% of the
controls (p < 0.01) (Table 1).

NAFLD cases showed substantially higher TSH
and lower FT4 compared to controls, while levels of
fibrosis indices (FIB-4 and APRI score) were signifi-
cantly higher among hypothyroid patients in both cas-
es and controls (Fig. 1).

Figure 2 and Table 2 illustrate the correlations be-
tween TSH and FT4 and fibrosis parameters in NAFLD
cases and control. TSH had a positive strong correla-
tion with FIB-4 and APRI score, whereas FT4 had
a negative significant correlation with both fibrosis
indicators, and this clinical relationship was similar in
NAFLD cases and controls.

After adjusting for age, BMI, and thyroid status
using regression models, the differences in TSH lev-
el, FIB-4, and APRI score between NAFLD cases and
controls remained statistically significant. When com-
pared to controls, NAFLD cases would have greater
TSH (an average of 0.84 uIU/ml), higher FIB-4 (one
point on average), and APRI score (0.45 points on av-
erage). However, other differences in FT4, TPOAb and
TgAb did not show any significant differences between
NAFLD cases and controls after adjustment for age,
BMI and thyroid status.

Discussion

The present study demonstrated that the prevalence
of hypothyroidism was significantly higher in patients
with NAFLD than in controls and the TSH level was
significantly higher while FT4 was significantly low-
er in patients with NAFLD. Furthermore, the FIB-4
and APRI scores were significantly higher in patients
with hypothyroidism than in those with euthyroidism.
High TSH and low FT4 are associated with liver fibro-
sis. Thyroid hormones are powerful regulators of met-
abolic and energy balance, and they have been linked
to a variety of metabolic disorders. Hypothyroidism
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Table 1. Comparison between the two studied groups according to different parameters

Parameter Cases Control p Parameter Cases Control p
(n =50) (n=50) (n =50) (n=50)
Age (years) Median (min.-max.) 39 (12-74) 14.5 (11-36)
Mean +SD 479 3 45.7 +4 0.003* Platelets (x 10%/1)
Median (min.-max.) 48 (39-52) 45.5(39-53) Mean +SD 207.1 £109.7 2946 +716 < 0.001*
Sex, n (%) Median (min.-max.) 2245 (75-423)  281.5 (165-435)
Male 22 (44) 23 (46) 0.841 Thyroid status, n (%)
Female 28 (56) 27 (54) Euthyroid 34 (68) 44 (88) 0.023°
BMI (kg/m?) Hypothyroid 13(26.0) 5(10.0)
Mean +SD 316 +47 254+23  <0001% Subclinical hyperthyroid 3(6.0) 1(2%)
Median (min-max.) 30.7 (24.2-44) 249 (19.4-29) Positivity of TPOAb, n (%) 5(10) 2(4) 0.436
TC Positivity of TgAb, n (%) 5(10) 2(4) 0.436
Mean +SD 198.6 £30.1 1774 £31.1  0.001* TSH (ulU/ml)
Median (min.-max.) 198 (147-269) 174.5 (124-281) Mean +SD 33412 2.2+0.8 <0.001*
1G Median (Min-Max.) 3.7(0.3-4.9) 2(0.3-4.5)
Mean +SD 140.3 +47.7 106.1 £30.3 < 0.001* FT4 (ng/d)
Median (min.-max.) 136(58-258) 102 (58-177) Mean +SD 1403 1.2+03 0.001*
LDL Median (min.-max.) 1(0.3-1.6) 1.3 (0.1-1.6)
Mean £SD 1413 +£32.6 122.9 26 0.002* FIB-4 score
Median (min.-max.) 133(85-201)  122(70-199) Mean £SD 24419 0.7 £0.3 <0.001*
ALT (U/1) Median (min.-max.) 1.2 (0.3-6.8) 0.7 (0.3-1.6)
Mean +SD 36.3 £11.9 154 +46  <0.001* APRI score
Median (min.-max.) 37.5 (12-64) 15(11-28) Mean 5D 0.8 +0.7 0.1 0.1 <0.001*
AST (U/1) Median (min.-max.) 0.3(0.1-1.9) 0.1(0.1-0.4)
Mean +SD 403 +18.4 16,5455  <0.001*
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Fig. 1. Comparison of average APRI scores and FIB-4 score and its 95% confidence intervals between NAFLD cases and controls according to their thyroid status
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Fig. 2. Correlation between TSH and FT4 with APRI score and FIB-4 score

causes a decrease in energy expenditure, lipolysis, and
gluconeogenesis, as well as an increase in weight and
cholesterol levels. Hypothyroidism, as a result, caus-
es hyperlipidemia, obesity, and insulin resistance, all
of which are risk factors for metabolic syndrome as-
sociated with NAFLD. Thyroid hormones have been
shown to promote hepatic lipogenesis and B-oxidation.
As a result, they are associated with hepatic fat accu-
mulation [1]. However, the link between NAFLD and
thyroid function parameters is debatable. This might
be attributable mostly to the variability of NAFLD di-
agnostic criteria, patient characteristics, and sample
size. Another possible explanation is the possible dif-
ferences in the criteria for diagnosing hypothyroidism
and the measurement of thyroid hormones. In our
study, the prevalence of hypothyroidism was signifi-
cantly higher in NAFLD patients compared to controls

Table 2. Correlation between different parameters in case group (n = 50)

Parameter APRI score FIB-4 score
r r

TSH (ulU/ml) 0.76* 0.73*
Cases 0.66* 0.66*
Control 0.88* 0.43*

FT4 (ng/dl) -0.39* -0.38*
Cases -0.32* -0.33*
Control -0.61* -0.51*

* Statistically significant at p < 0.05, r - Pearson correlation coefficient

FIB-4
[ S T e )

y = -1.88x
s +3.6851

R="0.1489

FIB-4
o = NN W S Ul O

(about one quarter of patients with NAFLD had hy-
pothyroidism compared to 10% of the control group).
In a systematic review published in 2014, the authors
found a prevalence of hypothyroidism in patients with
NAFLD ranging from 15.2% to 36.3% [25], whereas
the national estimated incidence of hypothyroidism in
the US population was 3.7%. In another study, hypo-
thyroidism was shown to be more common in patients
with biopsy-proven NAFLD than in matched controls
(21% vs. 9.5%, respectively) [26]. A new systematic re-
view and meta-analysis of over 42000 individuals from
13 studies discovered a substantial link between hypo-
thyroidism and NAFLD, giving solid epidemiological
evidence for the risk of NAFLD in hypothyroidism, as
compared to euthyroid people [27]. In contrast, Jaru-
vongvanich et al. reported that NAFLD is not linked
to thyroid hormone levels or hypothyroidism [15].
The involvement of the thyroid hormone receptor in
hepatic stellate cell activation has recently been pro-
posed, although it is still unknown whether or how thy-
roid dysfunction accelerates the progression of NAFLD
to steatohepatitis and, as a result, advanced fibrosis.
Thyroid hormone replacement therapy lowers serum
lipids significantly and has a positive impact on obesity.
In individuals with hypothyroidism, levothyroxine giv-
en for 15 months improved serum transaminases and
ultrasound diagnosed NAFLD [19]. After 4 months
of low-dose levothyroxine treatment, individuals with
NAFLD showed a decrease in hepatic fat content as as-
sessed by magnetic resonance spectroscopy [28].
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Even though we did not do a liver biopsy, the FIB-4
index is the most effective diagnostic modality in dis-
tinguishing individuals with advanced fibrosis. In our
study, FIB-4 score and APRI score were significantly
higher in patients with hypothyroidism compared to
euthyroid patients. These results are comparable to
a recent study which reported that patients with hy-
pothyroidism had a substantially higher FIB-4 score
than patients with euthyroidism [1]. TSH may play
a role in the development of fibrosis in the liver. Thy-
roid hormones may have an influence on adiponectin
regulation, which might help to limit the progression
of fibrosis [1, 25]. As a result, L-thyroxine therapy in
individuals with hypothyroidism may improve liver
fibrosis. Hypothyroidism is an independent predictor
of progressive fibrosis, according to Kim et al. [29].

In the current study, levels of thyroid antibodies did
not show any difference between NAFLD cases and
control subjects. Another study reported that TgAb lev-
els were shown to have an independent negative rela-
tionship with NAFLD. This study also reported that the
prevalence of NAFLD decreased significantly with the
increase of serum thyroid antibodies, indicating that
TgAb may be a protective factor for NAFLD [20]. An-
other study, performed by Chen et al. [30], discovered
a link between thyroid antibodies and the incidence of
NAFLD. The disparity in results might be attributable
to differences in the study population, sample size and
diagnostic criteria. As a result, there is not only a lack
of consistent findings in the link between thyroid auto-
antibody positivity and the incidence of NAFLD, but
also a lack of knowledge of the different functions of
TPOAD and TgAb, which necessitates further research.

Our study has some limitations. First, the sample
size was small. Second, because NAFLD was diagnosed
by ultrasonography, the identification of mild steatosis
was limited. Performing liver biopsy is recommended.

Conclusions

Hypothyroidism is more prevalent among patients
with NAFLD compared to control subjects and high
levels of TSH with low FT4 might be a risk factor for
NAFLD and may impact the development of liver fi-
brosis. The role of thyroid autoimmunity in NAFLD
needs further assessment. Until more data are avail-
able, NAFLD patients should be monitored by yearly
TSH and FT4 testing.
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