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Abstract
Non-alcoholic fatty liver disease (NAFLD) is a global problem. It may be caused by metabolic and hormonal disorders, including hypothyroidism. However, non-thyroid causes of NAFLD in people with hypothyroidism, including improper eating behavior and low physical activity, should be acknowledged.  This study aimed to present the current literature on whether the development of NAFLD is related to hypothyroidism or a typical consequence of an unhealthy lifestyle in people with hypothyroidism. The results of previous studies do not allow for an unequivocal determination of the pathogenetic relationship between hypothyroidism and NAFLD. Important non-thyroid-initiating factors include providing too many calories in relation to requirements, consuming excessive amounts of monosaccharides and saturated fats, being overweight, and maintaining low physical activity levels. The recommended nutritional model for both hypothyroidism and NAFLD may be the Mediterranean diet, which is rich in fruits and vegetables, polyunsaturated fatty acids, and vitamin E. 
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Core Tip: Non-alcoholic fatty liver disease affects 25% of the adult population worldwide; however, the causes of the disease remain unclear. This review answers the question of whether the development of non-alcoholic fatty liver disease is related to hypothyroidism or whether it is a typical consequence of an unhealthy lifestyle in people with hypothyroidism.


INTRODUCTION
Global statistics indicate an increasing prevalence of non-alcoholic fatty liver disease (NAFLD) in society[1]. Currently, this disease affects approximately 25% of the adult population worldwide. It is often diagnosed in developed countries and is the second most common indication for liver transplantation[2].
The etiology of NAFLD is complex. NAFLD may be a result of excessive body weight, obesity, or carbohydrate and lipid metabolism disorders[3]. NAFLD is defined as a hepatic manifestation of metabolic syndrome[3,4]. The disorders mentioned are serious problems, which are related to improper eating habits and low physical activity, but may also have endocrine causes[5,6]. The most frequently described associations between NAFLD and endocrinopathies are polycystic ovary syndrome (PCOS) (PubMed: NAFLD PCOS - 93 publications in the last 5 years) and primary and secondary hypothyroidism (PubMed: NAFLD hypothyroidism - 86 publications in the last 5 years), which are the subject of the authors' considerations[7,8]. The accumulation of fatty compounds in the liver is associated with abnormal concentrations of cortisol, insulin, thyroxine, somatotropin, testosterone, and prolactin, which may be abnormal in PCOS and/or hypothyroidism[8]. The need for further research on thyroid-hepatic interdependence is still highlighted in publications from 2022. This is because of the insufficient amount of data available within the thematic scope[9-13]. 
Considering the relationship between non-alcoholic fatty liver disease, lifestyle, and endocrine disorders, including thyroid dysfunction, it is important to determine whether the development of NAFLD is related to hypothyroidism as its result or a typical consequence of an improper lifestyle of people with hypothyroidism. This study presents considerations within this scope based on the current literature. 

LITERATURE REVIEW
This literature review of the PubMed electronic database included 54 scientific articles over 5 years and 11 articles published between 2012 and 2016, including meta-analyses, cohort, and experimental studies. The following words were used to search for publications between October 2022 and February 2023: NAFLD and hypothyroidism = 86 publications, NAFLD and physical activity = 1009 publications, NAFLD and lifestyle = 1258 publications, NAFLD and Mediterranean diets = 172 publications, and lipid metabolism and thyroid = 693 publications. The last search was conducted in February 2023. 

LIPID METABOLISM IN NORMAL PHYSIOLOGY AND NAFLD
Hepatic lipid metabolism involves three substrate delivery mechanisms. The first is the absorption of fatty acids from chylomicrons formed during the absorption of lipids from food in the digestive system[14]. The second involves lipids stored in the adipocytes. Fatty acids supplied by food are stored as triglycerides in adipose tissue cells and in the liver. Triglyceride lipase affects the triglycerides in the adipose tissue, resulting in the release of fatty acids followed by their uptake by liver cells[14]. The third mechanism is de novo lipogenesis, in which hepatocytes absorb fatty acids due to the conversion of the consumed carbohydrates into fats[14]. 
Lipid metabolism in the liver can be classified into three transformations: oxidation of supplied fatty acids in the process of beta-oxidation, accumulation of fatty acids, or formation of protein complexes with fatty acid participation[14]. In NAFLD, fatty acid metabolism is disrupted. The accumulation of fatty compounds begins to increase, contrary to the synthesis and secretion of very-low-density lipoprotein (LDL) into the blood. De novo lipogenesis exceeds the efficiency of oxidation processes and the concentration of serum triglycerides of extrahepatic origin in the increases[14, 15]. NAFLD is a progressive disease that begins with simple NAFLD, which may coexist with non-alcoholic steatohepatitis (NASH). NASH may be associated with fibrosis, leading to cirrhosis of the organ and the development of hepatocellular carcinoma[16]. 

THYROID MECHANISMS OF METABOLIC CONTROL
Follicular thyroid cells produce and secrete thyroxine (T4) and triiodothyronine (T3) hormones. The control of their secretion depends on the concentrations of hormones of the hypothalamus (thyroliberin), and pituitary gland [tyrosine (TSH)]. The mechanism aimed at maintaining homeostasis is a negative feedback mechanism[17]. 
Thyroid hormones perform numerous functions, including metabolic control, maintenance of body temperature, regulation of hunger and satiety, and regulation of carbohydrate and lipid metabolism[18]. This is possible because of the localization of thyroid hormone receptors in the cells of many organs and tissues; for example, the liver (THR-beta), pancreas, adipose tissue (THR-alpha), and muscle tissue (THR-alpha)[18,19]. TSH receptors, which are located on thyroid cells, have also been located outside the thyroid gland in adipose tissue cells, hepatocytes, and ovaries[18,20]. 
Under the influence of thyroid hormones, the fat contained in adipocytes is broken down into free fatty acids, which are transported through the bloodstream to the hepatocytes by binding (1-L-fatty acid-binding protein and 36-CD36 fatty acid translocase) and transporting (fatty acid transport protein) proteins[19]. The function of these proteins is also regulated by thyroid hormones, which participate in de novo lipogenesis by enhancing gene expression, including the expression of Spot14[12,21]. Moreover, the activity of hepatic lipase, which breaks down fats into fatty acids, enabling their beta-oxidation, is dependent on the concentration of thyroid gland hormones[22].

HYPOTHYROIDISM AND ITS EFFECTS ON LIPID METABOLISM 
Hypothyroidism is a disease in which the serum concentration of thyroid hormones is reduced[14,23]. This disease affects approximately 5% of the population[24]. Contributors of disease development include an insufficient supply of iodine, a component of thyroid hormones, or Hashimoto's disease. In the latter case, there is inflammatory lymphocytic infiltration and the production of antibodies against enzymes that enable the production of thyroid hormones, such as thyroid peroxidase and thyroglobulin[24]. Due to the formation of an insufficient amount of hormones, numerous disorders affecting the homeostasis of the body arise. The main common features of people with uncontrolled hypothyroidism are the occurrence of lipid disorders, increased blood cholesterol and triglyceride levels, and accumulation of fatty compounds in the liver[25,26]. Such disorders result from insufficient concentrations of thyroid hormones and excessive concentrations of TSH in the blood, which increase the production and secretion of T3 and T4 by the thyroid cells, according to the negative feedback effect. It should be noted that thyroxine supplementation significantly affects metabolism, causing an increase in the basic metabolic rate. This results in increased energy expenditure and, in the case of maintaining a negative caloric balance, may contribute to weight reduction[27]. 
In mouse models, elevated TSH levels in hypothyroidism have been observed to increase the expression of 3-hydroxy-3-methylglutaryl coenzyme A reductase in liver cells. This results in changes in cholesterol synthesis, which may lead to the accumulation of fatty compounds in the liver[28,29]. 
The regulation of lipid concentration in the body also occurs at a genetic level through transcription factors, including sterol regulatory element-binding protein (SREBP) and liver X receptor (LXR)[30,31]. LXR has also been detected in the liver, and is both a thyroid hormone receptor and a nuclear receptor. SREBP controls lipid synthesis, which is significantly influenced by thyroid hormone levels. The effect of the action of thyroid hormones on SREBP-2, an isoform of SREBP, is a decrease in the expression of the LDL receptor, which manifests as an increase in serum cholesterol levels. In cases of thyroid hormone deficiency, this situation is reversed[30].
In both overt and subclinical hypothyroidism, there is an increase in the concentration of angiopoietin-like proteins Angptl-3 and Angptl-8, which participate in lipid metabolism and inhibit the action of lipoprotein lipase. The weakened function of lipoprotein lipase can lead to fat accumulation in the liver and decrease LDL cholesterol breakdown. The results of studies on the occurrence of increased concentrations of Angplt3 and 8 are clear, and scientists suggest using these proteins in the detection of hypothyroidism, although high concentrations have also been observed in obesity and diabetes[32,33].
Fibroblast growth factor FGF-21, which is still under study, enhances the beta-oxidation of fatty acids in the liver (where it is produced) while slowing down the formation of triglycerides. In acute hypothyroidism caused by radioiodine treatment, there is an increase in FGF-21 concentration, which ultimately predisposes patients to hepatic steatosis by enhancing lipogenesis[34].
The control of hepatocyte autophagy is another function that involves thyroid hormones[35]. In autophagy within liver cells, NCoR1, a co-repressor of nuclear receptor 1 under typical conditions, is degraded. In hypothyroidism, beta-oxidation is reduced by affecting peroxisome proliferator-activated alpha receptor, resulting in an increase in de novo lipogenesis[36].
The influence of thyroid hormones on lipid metabolism and liver function is a topic widely described in the scientific literature, and control mechanisms include multilevel interactions at molecular and cellular levels[37]. These relationships are still being researched, proving the importance of the subject[38,39].

NAFLD AS A RESULT OF METABOLIC DISORDERS CAUSED BY AN IMPROPER LIFESTYLE IN PEOPLE WITH HYPOTHYROIDISM
The relationship between NAFLD and hypothyroidism has been the subject of population studies in several countries. These results are sometimes contradictory, although most indicate the existence of a relationship[40]. In a cohort study involving 81166 German residents, a strong relationship between the diseases was found[41]. In contrast, no associations were found in a study involving 10116 Spanish residents, similar to the results of a retrospective study conducted among 18544 Korean residents[42,43]. Therefore, it is important to consider the non-thyroid causes of NAFLD in patients with hypothyroidism. Possible associations were studied by Mansour-Ghanaei et al[44], who examined 333 Iranian patients with diabetes, lipid disorders, obesity, and PCOS. Participants who had additional NAFLD were also diagnosed with hypothyroidism significantly more often; had significantly higher body mass index (BMI) values; smoked cigarettes more frequently; had considerably higher concentrations of total cholesterol, glucose, uric acid, and abnormal eating habits, which are important due to the unquestionable adverse effects on the body[44].
Due to the association between NAFLD and numerous metabolic disorders resulting from an improper lifestyle habits, metabolic dysfunction - associated fatty liver disease (MAFLD) has been distinguished as concurrent liver dysfunction and metabolic syndrome[45]. In turn, metabolic syndrome often accompanies hypothyroidism[46]. Biochemical and elastography screening tests are important for detecting the presence of metabolic disorders and MAFLD in people with hypothyroidism[47].

Proper eating behavior as an important element of NAFLD prevention 
A significant risk factor for NAFLD is improper eating behavior, resulting in an excessive supply of energy in the diet, excessive consumption of monosaccharides (especially fructose), and saturated fats[38]. The diet of patients diagnosed with NAFLD should primarily limit the supply of monosaccharides because they intensify de novo lipogenesis[48]. Their consumption should also be limited because of the prevalence of insulin resistance in people with NAFLD, which is also observed in people with hypothyroidism[49]. Thyroid hormones affect glucose metabolism in the liver by activating glucose transporter 2, resulting in the release of glucose into the bloodstream[50]. The above mechanism is disrupted by thyroid hormone deficiency[50]. Insulin resistance, an imbalance in the proportion of serum insulin and glucose concentrations, activates SREBP-1c, resulting in the intensification of de novo lipogenesis, leading to fatty liver[51]. The Mediterranean diet, rich in vegetables, polyunsaturated fatty acids, and vitamin E, may be the recommended nutritional model for both hypothyroidism and NAFLD because of its proven anti-inflammatory effect and low glycemic index, which are important in the case of insulin resistance[52-56].

Proper body weight as an important element of NAFLD prevention 
Excessive body weight caused by an increased amount of adipose tissue is an abnormality that may contribute to the development of obesity - a serious disease in which metabolic disorders (including lipid disorders) are associated with endocrine disorders and have a negative impact on all areas of a patient's life[55,56]. Scientists have emphasized that excessive body weight and obesity predict a worse course of NAFLD[57,58]. Obesity is also associated with hypothyroidism, as proven in a cohort study of 9,011 Chinese residents. In addition, researchers proved that obesity in younger men was an independent risk factor for hypothyroidism, while in older men, metabolic disorders were a significant factor in its pathogenesis[56]. There is equivocal evidence of a high correlation between BMI and TSH concentration[59,60]. Such conclusions were reached by Amin et al[59], who examined the effect of weight reduction on thyroid function and NAFLD in obese Egyptian adolescents during an intervention. It has been calculated that for an increase in TSH of 10 mIU/L, the BMI increases by 5.28 kg/m2[59]. Decreased body weight, TSH concentration, and percentage of people with fatty liver have been observed after lifestyle modifications, including altered physical activity and eating habits among adolescents[59]. Du et al[60] who studied the effect of thyroid hormones on central obesity, showed a positive correlation between the central obesity index (waist-hip Ratio, WHR), level of TSH, and BMI. The results of this study indicate the association between thyroid hormones and body weight and body fat distribution, which is due to the hypometabolic state caused by a thyroid hormone deficiency[60]. Researchers have suggested that hepatic steatosis may have a negative impact on thyroid function rather than hypothyroidism, which has a negative impact on liver function[61].

Physical activity as an important element of NAFLD prevention 
According to studies on the impact of lifestyle on the development of NAFLD[62]. The positive effect of physical activity is manifested by body weight reduction and increased insulin sensitivity in cells[55,63]. Additionally, physical activity prevents muscle mass reduction, which is a risk factor for NAFLD[60]. Increasing the level of physical activity is also recommended for people without excessive body weight but with NAFLD, in whom the researchers believed the cause of the disease to be an elevated TSH concentration[63,64]. Moreover, in a Chinese population study, which included 5,154 people, hypothyroidism was significantly more common in people who did not undertake physical activity than in euthyroid people[65]. 
A summary of the above information about importance of proper lifestyle in people with hypothyroidism is presented in Figure 1.

CONCLUSION
Hypothyroidism and NAFLD coexist, although their interdependence is not a cause-and-effect relationship.
The pathomechanism of excessive fat accumulation in the liver is complex, and its important non-thyroid-initiating factors are as follows: (1) providing too many calories in relation to requirements; (2) consuming excessive amounts of monosaccharides and saturated fats; (3) being overweight; and (4) keeping a low physical activity level. 
The results of the previous studies do not allow for an unequivocal determination of the pathogenetic relationship between hypothyroidism and NAFLD. 
Further research is necessary to answer the questions posed in the title. Among the patients with coexisting NAFLD and hypothyroidism, environmental factors and those dependent on human choice are more important.
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Figure legends
[image: ] 
Figure 1 Non-alcoholic fatty liver disease prevention in people with hypothyroidism: importance of proper lifestyle. The most important lifestyle elements to prevent the development of non-alcoholic fatty liver disease include: proper supply of energy in the diet, anti-inflammatory diet, lower consumption of monosaccharides, lower consumption of saturated fats, correct body weight, quitting smoking, increasing the physical activity level, reducing the amount of adipose tissue. NAFLD: Non-alcoholic fatty liver disease.
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