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Abstract

Non-alcoholic fatty liver disease (NAFLD) represents one of the leading causes of chronic liver disease
globally, perhaps because of the drastic increase in prevalence around the world during the last 20 years and
continues growing. The disease starts from simple steatosis (NAFL) that can progress to non-alcoholic
steatohepatitis (NASH) and, in some patients, progress to cirrhosis and hepatocellular carcinoma (HCC). The
pathogenesis and pathophysiology of NAFLD are complex and involve different factors (genetic, metabolic,
endocrinopathies, and others). One of the concerns that appeared in recent years is hypothyroidism-
induced NAFLD. The pathogenesis is compound and not well understood, and an association between
hypothyroidism and NAFLD remains controversial because of insufficient studies that can confirm it. More
research is needed to determine the association between hypothyroidism and NAFLD and the underlying
mechanisms. In this review, we will discuss a more in-depth analysis of the physiology of thyroid hormones
(TH) as well as the pathophysiology of hypothyroidism-induced NAFLD and, based on the recent meta-
analyses, the association of thyroid hormones and NAFLD.

Categories: Endocrinology/Diabetes/Metabolism, Internal Medicine, Gastroenterology
Keywords: thyroid-liver axis, thyroid hormones, nonalcoholic fatty liver disease (nafld), hypothyroidism,
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Introduction And Background

Non-alcoholic fatty liver disease (NAFLD) is a form of chronic liver disease increasingly arising among
children and adults. It ranges from simple steatosis and non-alcoholic steatohepatitis (NASH) to advanced
fibrosis and cirrhosis with chronic liver failure. Non-alcoholic fatty liver disease is a condition marked by the
deposition of lipids in the liver cells in patients who consume very little or no alcohol. The histological
picture is similar to alcohol-induced liver injury, yet it occurs in people who do not drink or consume very
little. Liver enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-
glutamyl transferase (GGT), and other markers of liver injury are increased in NAFLD. However, those levels
are normal in a large percentage of patients with NAFLD [1,2].

According to a meta-analysis that included more than eight and a half million people from 22 countries, the
worldwide prevalence of fatty liver is 24%, whereas, in the United States, the prevalence of NAFLD is

also 24% [3]. Compared to a worldwide population, patients with NAFLD and non-alcoholic steatohepatitis
have an increased death rate due to liver-related diseases. These patients are strongly associated with
extrahepatic diseases such as endocrinopathies like diabetes mellitus, metabolic syndrome, thyroid
dysfunction, insulin resistance, cardiovascular diseases, and chronic kidney diseases [3].

Subclinical hypothyroidism is characterized by increased plasma thyroid-stimulating hormone (TSH) and
plasma thyroid hormone levels within the reference range and without obvious clinical symptoms. Overt
hypothyroidism has obvious clinical symptoms and low free Thyroxine (fT4) [4]. Thyroid hormones are
crucial in multiple physiological processes like homeostasis, mineral, lipid, carbohydrates, and protein
metabolisms. Lipid metabolism has been reported, such as increased metabolic rate, weight loss, lipolysis,
and lowering serum cholesterol levels. The physiological process of thyroid hormones (TH) affects almost
every organ, and the liver is one of the most critical targets of TH [5]. Low thyroid hormone function may
cause hypercholesterolemia which plays a fundamental role in the pathophysiology of hypothyroidism-
induced NAFLD [6].

In recent years, more attention has been brought to hypothyroidism-induced NAFLD. The pathogenesis of
non-alcoholic fatty liver disease and thyroid hormones may have close correlations, as research in the last
ten years showed that disruptions of cellular TH signaling, trigger chronic hepatic disease, including non-
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alcoholic fatty liver disease, alcoholic fatty liver disease, and hepatocellular carcinoma. This disruption
results in decreased hepatic lipid utilization and secondary lipid accumulation [3,5,7].

The present review will discuss associations between hypothyroidism and NAFLD and the importance of
thyroxine (T4), triiodothyronine (T3), and thyroid-stimulating hormone (TSH) in its pathophysiology. The
association between NAFLD and hypothyroidism is still controversial. At present, there are multiple studies
showing an association. Therefore, it is necessary to conduct more studies in order to answer this question
8,9].

Review

Since discovering alcohol-related liver disease in 1845, fatty liver disease (FLD) has been primarily linked to
excessive alcohol consumption. Non-alcoholic fatty liver disease was first described in 1981, and it includes
a wide variety of hepatic conditions that include simple steatosis to steatohepatitis, advanced fibrosis, and
cirrhosis. Non-alcoholic steatohepatitis and NAFLD have a similar presentation on histology, but in the case
of NAFLD, there is different pathophysiology [10].

The prevalence of NAFLD among the population drastically increased in the last twenty years. NAFLD
manifests itself in various ways in people worldwide, affecting both the female and male sex. The global
prevalence of NAFLD is 25 percent, which is approximately as high as one billion and growing. One of the
most common causes of chronic liver disease in the United States is NAFLD. It affects 80 to 100 million
people, and approximately 25% of the cases progress to NASH. NAFLD includes a wide range of
histopathological conditions such as non-alcoholic fatty liver (NAFL), non-alcoholic steatohepatitis (NASH),
fibrosis, NASH cirrhosis, and NASH-related hepatocellular carcinoma (HCC). NAFLD is a diagnosis of
exclusion. The number of NASH patients with cirrhosis is rising, resulting in an increase in liver
transplantation for end-stage cirrhosis [11-13].

NAFLD is characterized by the accumulation of more than five percent of hepatic fat in the absence of any
secondary causes. NAFLD can manifest in different ways, ranging from a simple accumulation of fat that is a
metabolic condition with no symptoms and no inflammation of the liver (non-alcoholic fatty liver) to
symptomatic non-alcoholic steatohepatitis with inflammation of the liver. It has the capacity to progress
into severe fibrosis, end-stage liver disease, and HCC depending on NAFLD subtypes. While 10 to 20% of
NAFLD patients develop NASH, only zero to four percent develop cirrhosis within 10 to 20 years. The rising
prevalence of NAFLD with advanced fibrosis is concerning because individuals with advanced fibrosis tend
to have an increased death rate of liver-related and non-liver-related diseases than the general population
[11,14-17].

The spectrum of NAFLD

NAFLD is divided into four stages: 1. Simple steatosis (NAFL) - accumulation of fat in the liver without
inflammation or damage to the liver cells; 2. NASH - accumulation of fat in the liver with the presence of
inflammation and liver cell damage - hepatitis; 3. Fibrosis - scarring of the liver tissue (excess of fibrous
tissue) in the inflamed liver. Fibrosis is categorized into stages - mild, moderate, and advanced, or into four
stages (0-4) based on the progression of scaring; 4. Liver cirrhosis - permanently damage to the liver with
nodules of damaged liver cells surrounded by scar tissue; 5. Progression to HCC [18].

Etiology

To diagnose NAFLD, we must exclude other causes such as alcohol abuse (which is defined as consumption
of >20 g/day for women or >30 g/day for men), drug abuse, Hepatitis C and Hepatitis B, Wilson's disease,
hemochromatosis, celiac disease, and autoimmune liver disease, because NAFLD is a diagnosis of exclusion
[19,20].

Insulin resistance and obesity are the two most important risk factors for NAFLD. However, NAFLD is
associated with other extrahepatic manifestations such as obstructive sleep apnea, hypertension, gut
microbiota alterations, dyslipidemia, sedentary lifestyle, overconsumption of carbohydrates (leading to de
novo lipogenesis), and genetic predisposition. The prevalence of NAFLD in obese patients is 51%, patients
with dyslipidemia are 69%, Type 2 diabetes 22,5%, and patients with hypertension are 39,3%, respectively.
Nonetheless, there are other endocrine diseases that are associated with NAFLD: hypopituitarism,
hypogonadism, polycystic ovarian syndrome, and hypothyroidism [11,14,19].

Thyroid hormones production and the role of thyroid hormones in the
liver

Thyroxine (T4 or 3,3',5,5 -tetraiodo-1-thyronine) and triiodothyronine (T3 or 3,5,3 -triiodo-1-thyronine) are
thyroid hormones. The thyroid gland produces predominantly T4, but deiodination of T4 in peripheral
tissues creates the majority of systemic T3, which is the most potent thyroid hormone. The hypothalamic-
pituitary axis controls the secretion of TH from the thyroid gland. Thyrotropin-releasing hormone (TRH) is a
hormone released by the hypothalamus that acts on the pituitary gland by binding to G protein-coupled TRH
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receptors on the thyrotrope, causing an increase in intracellular cyclic adenosine monophosphate (cAMP)
and the production of thyrotropin. TSH stimulates the generation and release of TH by binding to a G
protein-coupled TSH receptor on the thyroid follicular cell [21,22].

The thyroid gland regulates many biological activities in the liver, adipose tissue, central nervous,
cardiovascular, and musculoskeletal systems by producing and releasing thyroid hormones such as thyroxine
and triiodothyronine into the blood. One of the main physiological functions of TH is to maintain basal
energy expenditure by glucose and lipid metabolism modulation. Thyroid hormones increase the production
of fatty acids, modulate the sensitivity of the insulin in the hepatic tissue, and decrease hepatic
gluconeogenesis, in addition to increasing lipid export and oxidation. The TH receptor (TR) regulates lipid
metabolism (synthesis, mobilization, and degradation) as well as the metabolism of glucose by regulating
the expression of several other nuclear receptors. HMG-CoA reductase (3-hydroxy-
3methylglutarylcoenzyme A), which initiates cholesterol biosynthesis, can be stimulated by thyroid
hormones. Also, triiodothyronine (T3) has the ability to bind to certain thyroid hormone-responsive
elements and activate the LDL receptor gene, thereby upregulating LDL receptors. Also, thyroid hormones
regulate HDL metabolism. Thyroid hormones increase the expression of the regulatory sterol element-
binding protein-2, which regulates cholesterol metabolism (SREBP-2). T3 also stimulates lipoprotein lipase,
which catabolizes triglyceride (TG)-rich lipoproteins, resulting in a reduction in TG levels [15,22-25].

Both T3 and T4 act via TRs, when thyroid hormones binding to the genes of thyroid receptors, which then
help facilitate the transport of free fatty acids in the cells of the hepatic tissue, with the help of protein
transporters like liver fatty acid-binding proteins (L-FABPs), fatty acid transporter proteins (FATPs), and
fatty acid translocases (FAT). THs can increase intrahepatic lipolysis through lipophagy in hepatocytes via
THR-B, resulting in decreased TG clearance and increased TG hepatic uptake [10,26]. This type of lipophagy
is linked to triiodothyronine physiology. T3 plays a significant role in fatty acid transport to mitochondria
and mitochondrial metabolism by altering the range of hepatic lipid-related metabolites T3. T3 stimulates
lipophagy in cultured hepatic cell lines, which leads to hepatic autophagy and ketogenesis. These results
suggest that T3 regulates hepatic autophagy, which is an important step in the management of NAFLD [27].

Hypothyroidism induced NAFLD

We know that hypothyroidism is linked to hypometabolism. It is characterized by increasing weight,
decreasing resting energy expenditure, and decreasing gluconeogenesis and lipolysis. Obesity, impaired lipid
metabolism, and insulin resistance can be caused by THs dysfunction, which are symptoms of metabolic
syndrome that are also present in NAFLD [28]. Overt hypothyroidism and subclinical hypothyroidism are
both related to NAFLD [8].

In subclinical hypothyroidism, there are several factors that contribute to the progression of NAFLD, such as
the physiology of TSH on the hepatocytes cell membrane, impairing hepatic triglyceride metabolism
(promoting hepatic lipogenesis) through the upregulation of SREBP-1c activity provoked by stimulation of
TSH receptors. Also, in the case of low thyroid hormone, diminished glucose-sensing receptors of the beta
cells of the pancreas. In this manner, it reduces insulin secretion and decreases lipolysis in the adipose
tissue, increasing the traffic of FFA to the hepatic tissue [19,22,29].

Patients with hypothyroidism often have atherogenic dyslipidemia. It has been established that the
pathophysiology of hypothyroidism-induced hyperlipidemia is due to a reduction in cholesterol excretion
and a marked rise in apoB lipoproteins as a result of insufficient catabolism and turnover brought on by a
reduction in the number of low-density lipoprotein (LDL) receptors on the surface of the hepatic cells. In
this manner, elevated total and LDL cholesterol levels are common in hypothyroid patients. Also, decreased
clearance level of triglycerides from plasma and the buildup of intermediate density lipoproteins were noted
in hypothyroidism. Hypothyroidism-induced NAFLD may develop because of the rising LDL and
accumulation of triglycerides in the hepatic tissue [22,27]. Accumulation of the lipids causes oxidative stress
and inflammatory response in the liver [8]. Another factor that may be involved in the thyroid-liver complex
is leptin. Leptin is elevated in hypothyroid patients and is also elevated in NAFLD patients. Leptin can
promote hepatic insulin resistance and play a role in hepatic fibrogenesis [7].

In the meta-analysis from 2018 that involved 26 studies and 61,548 participants, 11 studies with a total of
47,217 patients with NAFLD/NASH had significantly higher thyroid-stimulating hormones than healthy
controls, this difference remains significant. With the progression of NAFLD, the level of TSH increased as
well. The research found that hypothyroidism raised the probability of non-alcoholic fatty liver disease or
non-alcoholic steatohepatitis. These results were disputed in subsequent evaluations based on the degree of
hypothyroidism. The risk of non-alcoholic steatohepatitis was substantially correlated with subclinical
hypothyroidism but not with the risk of NAFLD. On the other hand, the risk of non-alcoholic fatty liver
disease is substantially correlated with overt hypothyroidism in adults but not with the risk of NASH. These
results might be inconsistent due to the small number of included studies. This meta-analysis also
discovered that the relationship between NAFLD and free T3 (FT3) and free T4 (FT4) may vary by the
number of people that live in the area and that non-alcoholic fatty liver disease is perhaps unrelated to FT3
or FT4. These results might be evidence that TSH, rather than thyroid hormones, plays a key role in the
onset and progression of NAFLD [8].
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In another meta-analysis from 2021 that involved 17 articles and 14,514 participants included, elevated TSH
levels maybe be a risk factor that is independently associated with NAFLD. FT4 was significantly associated
with NAFLD when FT3 was not associated [30].

Treatment of hypothyroidism-induced NAFLD

There is no drug therapy for hypothyroidism-induced NAFLD that is currently approved. Steatosis can be
reduced through structured lifestyle changes such as weight loss, dietary changes such as reduced drinking of
alcohol, decreasing intake of food and drinks that have a high level of fructose, and increased daily activities
and workouts [16,29].

In a case report of a patient with NASH who was diagnosed with Graves' disease (GD), the liver enzyme
levels improved after the onset of GD and subsequent hyperthyroidism. They worsened after starting
treatment and returning to a euthyroid state [31].

A small-molecule liver-directed thyroid hormone receptor B agonist (Resmetirom) with high liver uptake is
administered orally and is under development (currently in Phase 3 of trial) for the treatment of
NAFLD/NASH and familial hypercholesterolemia [4,32].

Conclusions

During the last twenty years, the prevalence of NAFLD increased significantly, and understanding this
disease has become crucial. Due to rising concerns about hypothyroidism-induced NAFLD and for better
management of this condition, knowing the pathophysiology is critical. Thyroid hormones play a vital role
in the thyroid-liver axis and lipid metabolism. Disruption of the lipid metabolism can cause lipids
accumulation with a subsequent inflammatory response in the liver and cause NAFLD. There is no current
approved FDA treatment for hypothyroidism-induced NAFLD, but they are under development, and the
pathophysiology of this disease is essential for correct treatment. We reviewed the two biggest meta-
analyses from 2018 and 2021. In both analyses, it was found that an increased level of TSH may be a risk for
NAFLD. Nevertheless, FT3 and FT4 are still controversial because they showed heterogenic results. Large-
designed well-scaled prospective studies need to be done to confirm current findings and better define the
role of FT3 and FT4 in hypothyroidism-induced NAFLD.
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