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Abstract
Thyroid hormones are totally involved in the regula-
tion of body weight, lipid metabolism, and insulin 
resistance. Therefore it is anticipated that thyroid 
hormones may have a role in the pathogenesis of non 
alcoholic fatty liver disease (NAFLD) and non alcoholic 
steatohepatitis (NASH). In this study, we reviewed the 
current literature on the association between thyroid 
dysfunction and NAFLD/NASH. A search for English 
language medical literature reporting an association 
between thyroid dysfunction and NAFLD/NASH in 
humans was conducted across PubMed, ISI Web of 
Science, and Scopus in August, 2013. Out of 140 stud-
ies initially identified through the search, 11 relevant 
articles were included in the final review. Thyroid 
dysfunctions in the form of overt or subclinical hypo-
thyroidism are prevalent among patients with NAFLD/
NASH. Hypothyroidism appears to be an independent 
risk factor for NAFLD/NASH in some studies; however, 
other newly published studies failed to find such an 

association. The results of the studies on the role of 
thyroid abnormalities in NAFLD/NASH are inconsistent, 
and further research is recommended to determine the 
relationship between hypothyroidism and NAFLD/NASH 
and the underlying mechanisms.
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Core tip: Thyroid hormones help regulate of body weight, 
lipid metabolism, and insulin resistance. Therefore, 
thyroid hormones may have a role in the pathogenesis 
of non alcoholic fatty liver disease (NAFLD) and non 
alcoholic steatohepatitis (NASH). Following a system-
atic review of human studies in the English language 
medical literature, eleven articles were found to ad-
dress this relationship. Hypothyroidism appears to be 
an independent risk factor for NAFLD/NASH in some 
studies; however, other studies failed to find such an 
association. As the results of these studies are not con-
sistent, further research is recommended to determine 
the relationship hypothyroidism and NAFLD/NASH and 
the underlying mechanisms.
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INTRODUCTION
Non alcoholic fatty liver disease (NAFLD) represents a 
broad clinical spectrum ranging from simple fatty liver 
to non alcoholic steatohepatitis (NASH), which may 
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progress to liver fibrosis, cirrhosis and hepatocellular 
carcinoma[1]. NAFLD is a rapidly growing diagnosis, and 
it is the most common cause of  abnormal liver func-
tion tests worldwide[2]. The growing pattern of  NAFLD 
prevalence is generally attributed to a global increase in 
the prevalence of  obesity and other metabolic risk fac-
tors[3]. Advanced age and metabolic disorders, such as 
diabetes type 2, impaired glucose tolerance, and central 
obesity, are among the risk factors for NAFLD[4-6]. Cryp-
togenic cirrhosis is a term used for those patients with 
liver cirrhosis who lack any identifiable viral, alcoholic, 
autoimmune or drug-related cause of  the condition. 
Many clinicians now believe that a considerable number 
of  these patients have cirrhosis due to NASH[7]. Con-
sidering the increasing incidence of  NAFLD/NASH, 
especially in developed and developing countries, it is 
anticipated that cirrhosis due to these conditions may 
surpass other causes of  cirrhosis in a near future. There-
fore, understanding the pathophysiology, risk factors and 
new treatment options of  NAFLD/NASH should be 
among the priorities in the field of  hepatology.

Endocrine hormones are generally involved in cell 
metabolism, regulation of  energy expenditure and fat 
distribution in the human body and thereby play an 
important role in the development of  metabolic abnor-
malities. The thyroid gland is significantly involved in 
energy homeostasis, lipid and carbohydrate metabolism, 
regulation of  body weight and adipogenesis[8,9]. In a 
clinical setting, subclinical hypothyroidism has been as-
sociated with metabolic syndrome, cardiovascular mor-
tality and disturbance of  lipid metabolism[10,11]. In recent 
years, growing body of  evidence has led to speculation 
on the association between NAFLD/NASH and thyroid 
dysfunction. Herein, we review current English language 
medical literature on the association between NAFLD/
NASH and thyroid dysfunction, and on the proposed 

underlying mechanisms of  this relationship.

RESEARCH
The study was conducted using the PRISMA (Preferred 
reporting items for systematic review and meta-analyses) 
guidelines, flow diagram and checklist[12]. A computer-
ized English language literature search of  ISI Web of  
Science, PubMed and Scopus was performed in August 
2013. No time limitation was applied, and studies on 
animal models were excluded. After a preliminary search 
in the Medical Subject Headings database, search terms 
were selected. The terms “non alcoholic fatty liver dis-
ease” and “thyroid”, “NAFLD” and “thyroid”, “non al-
coholic steatohepatitis” and “thyroid”, and “NASH” and 
“thyroid” were applied as keywords in the titles and/or 
abstracts.

Eligibility and critical appraisal of the studies
All studies were reviewed and carefully appraised for 
inclusion in this review. All descriptive or analytical 
cross-sectional studies, case-control studies, and clinical 
trials with proper methods for assessment of  NAFLD 
and NASH and that evaluated thyroid function were 
included. Additionally, only studies that used either 
ultrasonography or liver biopsy for the assessment of  
NAFLD were included. Editorials, case reports, letters 
to the editor, hypotheses, studies on animals or cell lines, 
abstracts from conferences or unpublished reports were 
excluded. Studies on patients with liver disease other 
than NAFLD/NASH or on NAFLD/NASH in the 
context of  other liver diseases i.e., chronic viral hepatitis, 
liver cirrhosis, acute liver failure, hepatocellular carci-
noma or drug-induced hepatitis were excluded (Figure 1). 
Studies on the pediatric age group (age < 18 years) were 
also excluded.

Figure 1  Flow diagram of the review.
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Data extraction
Data were extracted from the full text of  relevant ar-
ticles. Relevant data from articles reporting thyroid hor-
mone abnormalities and NAFLD/NASH were outlined 
in a table.

RESULTS
The final literature search returned 140 articles, of  which 
84 were reviewed and appraised for relevance and validi-
ty. After excluding studies with other determinants, stud-
ies that were not representative of  our aims, and the case 
reports, editorials, overlapping studies, 11 studies[13-23] 

were included, and the results were organized into Table 
1. No new articles were found by reviewing the cited 
references of  the included studies. A flow chart showing 
detailed search results and the identification of  eligible 
studies is outlined in Figure 1.

The main characteristics and findings of  the studies 
were summarized in Table 1. The 11 articles included 
in this review were published between 2003 and 2013. 
Three studies were done in the United States[14-16], two 
in China[17,21] and one each in Egypt[19], South Korea[13], 
Italy[20], Brazil[18], Germany[22] and Iran[23]. The eleven 
studies included 12924 participants when combined. Ten 
studies[13,15-23] were cross- sectional, and one study used 
case-control design[14]. In six studies[13,17,19,21-23]. NAFLD 
was diagnosed based on ultrasonographic criteria and the 
absence of  evidence of  viral, autoimmune or alcohol- or 
drug-induced liver disease. Five other studies[14,15,16,18,20] 
used liver biopsy and the above criteria for diagnosis of  
NAFLD/NASH. Thyroid dysfunction was defined as a 
history of  present thyroid disease and thyroid replace-
ment therapy in three studies[14,16,18] while eight studies 
checked the thyroid hormone profile of  all patients. The 
methods used to check the thyroid hormone profile was 
not uniform across studies. The thyroid hormone profile 
was checked using immunoradiometric assay (n = 2), 
solid phase enzyme linked immunosorbent assay (n = 1) 
and chemilumiscence enzyme immunoassay (n = 4). One 
study did not mention the laboratory method used to 
check thyroid hormone levels.

 Participants in the included studies were adults (> 
18 years) and of  both sexes. One study was conducted 
in elderly euthyroid subjects attending their annual rou-
tine health examination[17]. Eight studies had apparently 
healthy individuals as control groups[13,14,16,17,19,21-23]. Par-
ticipants in five studies came from the general popula-
tion that were seen for routine a health check-up[13,17,21-23]. 
Participants in other studies were mainly collected from 
hepatology clinics.

One study investigated thyroid dysfunction in NAFLD 
patients and compared this group with patients with 
primary biliary cirrhosis (PBC) and primary sclerosing 
cholangitis (PSC), but did not compare them to healthy 
controls[15]. Another study compared hypothyroidism in 
patients with simple steatosis and patients with NASH 
to find a relationship between thyroid dysfunction and 

severity of  fatty infiltration of  the liver[18].
Study populations were divided based on presence or 

absence of  NAFLD/NASH or hypothyroidism. Among 
the 11 studies, three studies reported no association 
between hypothyroidism and NASH[18,22,23]. In 2 studies 
hypothyroidism was an independent risk factor for de-
veloping NAFLD/NASH[13,14]. Three studies indicated 
that lower free T4 (FT4) was an independent risk factor 
for NAFLD[13,17,22]. One study showed that increased se-
rum levels of  thyroid stimulating hormone (TSH) is an 
independent risk factor for NASH[20].

DISCUSSION
This review summarized the evidence for an associa-
tion between thyroid dysfunction and NAFLD/NASH. 
To the best of  the author’s knowledge, this is the first 
systematic review of  clinical studies on this topic. As 
outlined in table there is growing data about higher 
prevalence of  thyroid dysfunction in the form of  overt 
or subclinical hypothyroidism among patients with 
NAFLD/NASH. The prevalence of  hypothyroidism 
was reported to range from 15.2 % to 36.3 % among 
patients with NAFLD/NASH. Several studies that used 
healthy controls showed a significantly higher prevalence 
of  hypothyroidism in patients with NAFLD/NASH 
compared to the controls. Several studies demonstrated 
that hypothyroidism is an independent risk factor for 
NAFLD. This indicates that hypothyroidism may directly 
result in NAFLD irrespective of  other metabolic risk 
factors. Considering the results of  these studies, hypo-
thyroidism may be added to risk factors of  NAFLD/
NASH.

The other question with multiple diagnostic and 
therapeutic implications is whether hypothyroidism can 
predict the severity of  fatty liver i.e., presence of  ste-
atohepatitis. Three studies tried to answer this question 
with conflicting results. Chung et al[13], in their popula-
tion based study, evaluated a relatively large numbers 
of  healthy individuals and showed that prevalence of  
NAFLD plus elevated alanine aminotransferase (ALT) 
was higher in patient with hypothyroidism. An increased 
serum ALT level is a surrogate biomarker for NAFLD 
in the absence of  other causes of  liver disease and an 
indicator for the development of  diabetes, cardiovascu-
lar disease and long term adverse complications from 
metabolic syndrome. Therefore, this study confirms the 
association between the severity of  NAFLD and hypo-
thyroidism.

Pagadala et al[16] reported that hypothyroidism was 
more common in patients with NASH compared to pa-
tients with NAFLD. This finding remained statistically 
significant after adjusting for other variables including 
age, diabetes, dyslipidemia and hypertension but not gen-
der. This study, which used liver biopsy and the NAFLD 
activity score to distinguish NASH from NAFLD, pro-
vides additional evidence for the association between the 
severity of  liver fatty infiltration and hypothyroidism. 
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Table 1  Main characteristics and findings of the studies
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Study Design Number Method for diagnosis 
of NAFLD/NASH

Definition of thyroid 
dysfunction

Main Findings

Chung et al[13] Cross-sectional 4648 (2324 Hy-
pothyroidism vs 
2324 euthyroid-

ism)

Ultrasonography Subclinical hypothyroid-
ism: TSH > 4.1 mIU/L and 

normal fT

Prevalence of NAFLD increased with sever-
ity of hypothyroidism (subclinical: 29.9%, 

overt: 36.3%)
Overt hypothyroidism: 

TSH > 4.1 mIU/L and fT4 
< 0.7 ng/Dl

Prevalence of NAFLD plus elevated ALT 
was higher in patients with hypothyroidism 

(P < 0.001)
Hypothyroidism is an independent risk fac-
tor for increased prevalence of NAFLD (OR 

= 1.38, 95%CI: 1.17-1.67)
Liangpunsakul et al[14] Case-control 174 NASH pa-

tients compared 
with 442 controls

Liver biopsy
Liver biopsy

Previous history of hypo-
thyroidism on T4 replace-

ment therapy

Prevalence of hypothyroidism was 15 % 
compared to 7.2% in controls (P < 0.001)

In multivariate analysis, hypothyroidism 
was more prevalent than controls (OR = 2.3, 

95%CI: 1.2-4.2, P = 0.008)
Silveira et al[15] Cross-sectional 97 patients with 

NAFLD Com-
pared with 67 

PBC, and 79PSC

Liver biopsy TSH > 5 mIU/L or < 0.3 
mIU/L 

The prevalence of hypothyroidism in pa-
tients with NAFLD was 20%

Total thyroxine> 12.5 
μg/dL or < 5 μg/dL

Five patients had hyperthyroidism in 
NAFLD group

History of hyper/hypo 
thyroidism

The prevalence of thyroid dysfunction was 
not different in three group

Pagadala et al[16] Cross-sectional 233 patients 
with NAFLD 

Compared to 430 
controls

Liver biopsy Clinical diagnosis of hypo-
thyroidism and on thyroid 

replacement therapy

The prevalence of hypothyroidism was 
higher in NAFLD patients compared to con-

trols (21.1% vs 9.5%, P < 0.001)
Hypothyroidism was more common in 

NASH compared to patients without NASH 
(P = 0.03)

Xu et al[17] Cross-sectional 227 patients with 
NAFLD

Compared with 
651 controls

Ultrasonography TSH > 4.5 mIU/L or < 0.5 
mIU/L

Patients with lower FT4 or higher TSH are 
more likely to develop NAFLD (P < 0.001)

fT4 > 14.4 pmol/L or < 7.85 
pmol/L

in logistic regression analysis Ft4 was a 
risk factor for NAFLD (OR = 0.847, 95%CI: 

0.743-0.966)
Mazo et al[18] Retrospective 33 patients with 

steatosis Com-
pared with 70 

NASH patients

Liver biopsy History of hypothyroidism 
on thyroid replacement 

therapy

Prevalence of hypothyroidism was 15.5% 
in NAFLD (15.2% in steatosis and 15.7% in 

NASH)
In multivariate analysis insulin, HOMA 

index and AST were correlated with hypo-
thyroidism

No direct association between NASH and 
hypothyroidism

Moustafa et al[19] Cross-sectional 90 patients with 
NASH, Chronic 
HCV, HCV cir-

rhosis compared 
to 20 healthy 

controls

Ultrasonography Only determined thyroid 
hormone without normal 

range

The serum TSH level in NASH patients 
was higher than healthy controls (2.1 ± 0.75 

μIU/mL vs 1.75 ± 0.9 μIU/mL

Carulli et al[20] Cross-sectional 69 NAFLD, 25 ste-
atosis, 44 NASH

Liver biopsy Normal range: TSH: 
0.35-4.5 μIU/mL

TSH level was significantly higher in NASH 
compared to steatosis group

FT4: 6.1-16.6 pg/mL; 
FT3: 1.7-4.2 pg/mL

TSH level was an independent positive 
risk factor for NASH in logistic regression 

analysis (OR = 2.34, 95%CI: 1.15-4.776)
Zhang et al[21] Cross-sectional 1322 participants 

including 266 
patients with 

NAFLD

Ultrasonography Normal TSH range: 
0.71-6.25 mIU/mL

In female patient with NAFLD serum TSH 
level was significantly higher than controls 

(P < 0.05)
In logistic regression analysis TSH level was 
not an independent risk factor for NAFLD

Ittermann et al[22] Cross-sectional 3661 healthy ap-
pearing partici-

pants

Ultrasonography Thyroid hormone and TSH 
below or Above normal 

range

Low FT4 concentrations are associated with 
hepatic steatosis

No consistent association between TSH and 
hepatic steatosis

No association between hyper- or hypothy-
roidism and hepatic steatosis
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Contrary to these 2 studies, results of  the study by Mazo 
and co-workers did not show a statistically significant as-
sociation between hypothyroidism, simple steatosis and 
NASH[18]. Furthermore, two other recently published 
studies of  healthy participants, also confirmed the Mazo 
et al findings[22,23]. We have recently shown that thyroid 
hormone abnormalities in patients with NAFLD may 
simply be due to alterations in thyroid hormones occur-
ring in non-thyroidal illnesses[23]. Consequently we must 
still be conservative about reporting any contribution 
of  hypothyroidism to NAFLD/NASH. Carulli et al[20] 
reported that an increased serum TSH level is an inde-
pendent risk factor for NASH compared to patients with 
NAFLD.

NAFLD/NASH is supposed to be a hepatic feature 
of  metabolic syndrome and insulin resistance[24,25]. Hy-
pothyroidism has been reported to be associated with 
obesity and metabolic syndrome[26-28]. Insulin resistance 
in the context of  hypothyroidism and its alleviation with 
treatment of  the hypothyroidism has been reported[29]. 
Hypothyroidism was more prevalent in patients with 
type 2 diabetes and in some reports was associated with 
diabetic microangiopathy[30,31]. Associations of  hypothy-
roidism with these metabolic abnormalities, which are 
frequently accompanied by NAFLD/NASH, strengthen 
the notion of  association between hypothyroidism and 
NAFLD/NASH. While the underlying pathophysiology 
for this association is still not clear, several mechanisms 
have been proposed. The role of  adipocytokines in 
NAFLD[32,33] has been established previously, and some 
studies aimed to find a relationship between adipocyto-
kines and hypothyroidism to clarify the mechanism of  
thyroid dysfunction and NAFLD. These studies failed to 
find an association between serum levels of  adiponectin 
and hypothyroidism[34,35]. However, results of  these stud-
ies were controversial for visfatin, an adipocytokine in-
volved in energy homeostasis[36,37]. An increased level of  
leptin has been identified in patients with hypothyroid-
ism, and it may be responsible for the development of  
NAFLD/NASH in this context[38,39]. Leptin is an adipo-
cytokine involved in the regulation of  appetite, with an 
increased level seen in cases of  obesity, can induce col-
lagen synthesis in the liver and promotes hepatic insulin 
resistance[40-42].

Patients with NAFLD/NASH have abnormal lipid 
profiles notable for elevated cholesterol, low density 
lipoproteine and triglyceride levels[43]. Thyroid hor-

mones induce their effects on lipid metabolism via 
thyroid hormone receptor β, which is expressed in 
liver[44]. Thyroid hormone receptor activation results in 
a reduction in body weight and fat as well as a decrease 
in cholesterol and triglyceride levels, which takes place 
only in hepatocytes[45,46].

Cable et al[47] showed that liver steatosis will reduce 
after treatment of  animal models with liver-targeted thy-
roid hormone receptor agonist. Furthermore, hypothy-
roidism and elevated TSH result in diminished hepatic 
lipoproteine lipase activity and cause elevated serum 
triglyceride levels[48,49].

The role of  Fibroblast growth factor-21 (FGF-21) has 
been recently proposed in NAFLD/NASH[50]. FGF-21 is 
a member of  endocrine FGF family that has several hor-
mone like activities[51]. FGF-21 induces glucose uptake in 
mouse and human adipocytes, which can improve glu-
cose homeostasis after administration to obese mice[52,53]. 
Improved insulin sensitivity, glucose clearance and re-
duced plasma triglyceride level have been observed in 
transgenic mice with over expression of  FGF-21 in the 
liver[54]. Increased serum levels of  FGF-21 in NAFLD 
have been described in several human studies[55-57], indi-
cating a relative FGF-21 resistance in these patients[58].

Adams et al[59] have recently shown that administra-
tion of  tri-iodothyroine (T3) to mice can induce specific 
hepatic expression of  FGF-21 in a dose dependent man-
ner[59]. An increased plasma level of  FGF-21 in patients 
with hypothyroidism has been also observed in a recent 
study by Lee and co-workers[60]. These findings together 
are indicative of  FGF-21 pathway in NAFLD, although 
the precise mechanism remains to be elucidate.

The other theory is based on hepatic damage through 
mitochondrial dysfunction, oxidative stress and reac-
tive oxygen species (ROS) production. Oxidative stress 
as a phenomenon refers to the aerobic nature of  cel-
lular metabolism in which a redox imbalance between 
antioxidants and pro-oxidants occurs in favor of  pro 
oxidants[61]. Mitochondria are the principle organelle for 
oxidative reactions like β- oxidation, and they are a main 
source of  ROS[62]. Free fatty acids (FFA) undergo β- 
oxidation in the mitochondria in physiologic conditions. 
With excessive accumulation of  FFA in the hepatocytes, 
there is excessive oxidation of  FFA in mitochondria, 
microsomes and peroxisomes leading to overproduc-
tion of  ROS[63]. ROS activates lipid peroxidation that is 
accompanied by activation of  Kupffer cells and hepatic 
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Eshraghian et al[23] Cross-sectional 832 healthy ap-
pearing partici-

pants

Ultrasonography Normal TSH range: 0.2- 5.2 
mIU/mL

No association between hyper- or hypothy-
roidism and NAFLD

-FT4: 11.5-23 pmol/L No association between thyroid autoimmu-
nity and NAFLD

The diagnosis of NAFLD was higher among 
low TSH group

The thyroid hormone abnormalities may be 
due to sick euthyroid syndrome

TSH: Thyroid stimulating hormone; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis, ALT: Alanine aminotransferase; PSC: 
Primary sclerosing cholangitis; PBC: Primary biliary cirrhosis; HCV: Hepatitis C virus; AST: Aspartate aminotransferase.
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satellite cells[64]. Kupffer cells induce secretion of  in-
flammatory cytokines like tumor necrosis factor alpha 
and transforming growth factor β that both activate 
hepatic satellite cells and promote fibrosis[65,66]. Previous 
studies described increased markers of  oxidative stress 
such as serum malondialdehyde in hypothyroidism[67]. 
Elevated serum markers of  oxidative stress have been 
observed in Hashimoto’s thyroiditis patients with hypo-
thyroidism[68,69].

A summary of  possible underlying mechanisms is 
outlined in Figure 2. Despite the growing evidence of  an 
association between hypothyroidism and NAFLD, draw-
ing a firm conclusion is going to be difficult.

CONCLUSION
Results of  current studies are conflicting about the as-
sociation between thyroid abnormalities and NAFLD/
NASH. Results of  some of  the reviewed studies propose 
hypothyroidism as a risk factor for NAFLD/NASH. This 
may lead us to test thyroid hormone profiles as a part 
of  initial clinical assessment in patients with NAFLD/
NASH. As hypothyroidism is a modifiable risk factor and 
can easily be treated with thyroid replacement therapy, 
the interesting issue for future studies will be to evaluate 
whether treatment of  hypothyroidism in patients with 
NAFLD/NASH will improve disease progression and 
outcome. So far some studies have failed to show an as-
sociation between hypothyroidism and NAFLD. None of  
the present studies are interventional trials and placebo 
controlled clinical trials should be conducted to further 
elucidate the issue.
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Figure 2  Possible mechanisms involved in association between hypothy-
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NAFLD: Non-alcoholic fatty liver disease; NASH: Non alcoholicsteatohepatitis; 
ROS: Reactive oxygen species; FGF-21: Fibroblast growth factor-21; LPL: Li-
poprotein Lipase; TG: Triglyceride; Chol: Cholesterol; IR: Insulin resistance.
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