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Background: It is currently uncertain whether primary hypothyroidism is associated with nonalcoholic fatty
liver disease (NAFLD). We performed a meta-analysis of relevant studies to quantify the magnitude of association between primary hypothyroidism and risk of NAFLD.
Methods: We searched PubMed, Web of Science and Scopus databases from January 2000 to March 2018 using
predefined keywords to identify observational cross-sectional, case-control, and longitudinal studies in which
NAFLD was diagnosed by imaging or biopsy. Data from selected studies were extracted and meta-analysis was
performed using random-effects modeling.
Results: A total of 12 cross-sectional and 3 longitudinal studies enrolling 44,140 individuals were included in
the final analysis. Hypothyroidism (defined either by self-reported history of hypothyroidism with use of
levothyroxine replacement therapy or by presence of abnormal thyroid function tests) was associated with an
increased risk of prevalent NAFLD (n = 12 studies; random-effects odds ratio 1.42 [95% confidence interval
(CI) 1.15–1.77]; I2 = 51.2%), independently of age, sex, body mass index and other common metabolic risk
factors. The magnitude of risk paralleled the underlying severity of NAFLD histology (n = 3 studies; randomeffects odds ratio 2.73 [CI 1.90–3.93]; I2 = 0%), and tended to increase across the different definitions used
for diagnosing hypothyroidism. Meta-analysis of data from the three longitudinal studies showed that subclinical hypothyroidism was not independently associated with risk of incident ultrasound-defined NAFLD
over a median of 5 years (random-effects hazard ratio 1.29 [CI 0.89–1.86]; I2 = 83.9%). Sensitivity analyses
did not alter these findings. Funnel plot did not reveal significant publication bias.
Conclusions: This large and updated meta-analysis shows that the presence of variably defined hypothyroidism is significantly associated with the presence and severity of NAFLD. However, the observational
design of the eligible studies does not allow for proving causality.
Keywords: hypothyroidism, NAFLD, thyroid dysfunction liver fat, meta-analysis

Introduction

N

onalcoholic fatty liver disease (NAFLD) is a
highly prevalent health problem affecting up to onequarter of the world’s population. NAFLD encompasses a
spectrum of progressive liver diseases ranging from simple
steatosis to nonalcoholic steatohepatitis (NASH) with fibrosis that can often progress to cirrhosis and hepatocellular
carcinoma (1–3). To date, a large body of clinical evidence

supports the view that NAFLD is a multisystem disease and
that its clinical and economic burden is not only confined to
severe liver-related complications, but also includes major
extrahepatic complications that exert considerable effects on
health care expenditures (4,5). Indeed, NAFLD is not only
associated with liver-related morbidity and mortality, but
also with an increased risk of developing cardiometabolic
diseases, such as type 2 diabetes, cardiovascular disease and
chronic kidney disease (5–8).
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HYPOTHYROIDISM IN RISK OF NAFLD

It is known that the development and progression of
NAFLD usually occur in the presence of profound derangements of glucose and lipid metabolism and dysregulation
of energy homeostasis (1,3,5). Thyroid hormones are critical
regulators of energy homeostasis and have prominent direct
effects on glucose and lipid metabolism (9). To date, several
observational studies have explored the association between
primary subclinical/overt hypothyroidism and imagingdefined or biopsy-proven NAFLD (10–24). However, the
findings from such studies have been conflicting so far, with
some studies reporting that the prevalence of primary hypothyroidism, especially subclinical hypothyroidism, was extremely common among patients with NAFLD (occurring in
up to 20–25% of these patients) (10,12), while other studies
failing to find any significant association between hypothyroidism and risk of NAFLD (14-18). This finding raised
concern as to whether subclinical hypothyroidism could
be associated with an increased risk of NAFLD. Although
two previous small meta-analyses have further explored this
question, they had important methodological limitations (e.g.,
pooling of cross-sectional and longitudinal studies; very high
heterogeneity and significant publication bias of results) and
did not consider much of the currently available evidence (i.e.,
studies published in 2017 and 2018), thus providing controversial and inconclusive findings (25,26). On this background
of evidence, it still remains uncertain whether subclinical hypothyroidism is a risk factor for NAFLD.
We therefore carried out a systematic review and metaanalysis of observational cross-sectional and longitudinal
studies examining the association between primary hypothyroidism and NAFLD. The major aim of this meta-analysis
was to determine whether and to what extent variably defined
primary hypothyroidism was associated with the risk of
NAFLD. We also examined whether there was a significant
association between primary hypothyroidism and the severity
of NAFLD histology.
Methods
Registration of review protocol

The protocol for this systematic review and meta-analysis
was registered in advance with PROSPERO (International
Prospective Register of Systematic Reviews, No. CRD42018
091285).
Data sources and searches

We conducted a systematic literature search from January
1, 2000, to March 1, 2018, of PubMed, Scopus, and Web of
Science for all observational studies examining the association
between primary hypothyroidism and NAFLD. Search free
text terms were ‘‘hypothyroidism’’ OR ‘‘subclinical hypothyroidism’’ OR ‘‘thyroid dysfunction’’ AND ‘‘nonalcoholic
fatty liver disease’’ (OR ‘‘fatty liver’’ OR ‘‘NAFLD’’). Searches were restricted to human studies. No language restrictions
were imposed. Additionally, we reviewed references from
relevant original papers and review articles to identify further
eligible studies not covered by the original database searches.
We performed a systematic review in accordance with the
Preferred Reporting Items for Systematic Reviews and MetaAnalyses (PRISMA) guidelines. Because the included studies
were observational in design, we followed the Meta-analysis
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Of Observational Studies in Epidemiology (MOOSE) guidelines for the meta-analysis of these studies (27).
Study selection

The inclusion criteria of the meta-analysis were as follows:
(1) observational cross-sectional, case-control, or longitudinal (prospective or retrospective) studies that explored the
association between primary hypothyroidism and NAFLD;
(2) all studies should report odds ratios (ORs) or hazard ratios
(HRs) with 95% confidence interval [CI] values for the outcome of interest; (3) the diagnosis of NAFLD was based on
either liver biopsy or imaging techniques (mostly ultrasonography), in the absence of excessive alcohol consumption
and other competing causes of chronic liver disease; and (4)
the diagnosis of primary hypothyroidism was either based on
a self-reported history of hypothyroidism with use of levothyroxine replacement therapy or based on measurement
of serum thyrotropin (TSH) and free thyroxine (fT4) levels
for identifying those individuals with newly diagnosed subclinical or overt hypothyroidism. Subclinical primary hypothyroidism was defined as presence of elevated TSH with fT4
levels within the reference range, whereas overt hypothyroidism was defined as elevated TSH with low circulating fT4
levels. Study participants included in the meta-analysis were
of either sex without any restriction in terms of age, race or
ethnicity.
Criteria for exclusion of the selected studies from this
meta-analysis were as follows: (1) congress abstracts, case
reports, theses, reviews, practice guidelines, commentaries,
and editorials; (2) studies where NAFLD diagnosis was based
exclusively on serum liver enzyme levels or other surrogate
markers of NAFLD (e.g., fatty liver index); (3) studies that
did not exclude individuals with excessive alcohol consumption and other known causes of chronic liver disease;
and (4) studies that did not specifically report any OR or HR
and 95% CIs for the outcome measure of interest.
Two investigators (A.M. and G.T.) independently examined
all titles and abstracts and obtained full texts of potentially
relevant papers. Working independently and in duplicate, we
read the papers and determined whether they met inclusion
criteria. Discrepancies were resolved by consensus, referring
back to the original article in consultation with a third author.
Data extraction and quality assessment

For all studies, we extracted information on study design,
study size, publication year, study country, participants characteristics, definition of primary hypothyroidism, methods
used for NAFLD diagnosis, histological severity of NAFLD,
follow-up duration, outcome of interest, and covariates
adjusted in multivariate regression analyses. In the case of
multiple publications, we included the most up-to-date or
comprehensive information.
Two investigators (A.M. and G.T.) assessed the risk of bias
independently. Any discrepancies were addressed by a reevaluation of original articles by a third author. Quality assessment was performed according to the Newcastle-Ottawa
Quality Assessment Scale (NOS), which is a validated scale
for non-randomized studies in meta-analyses (28). We used a
NOS scale adapted for the cross-sectional studies (28). The
NOS scale uses a star system to assess the quality of a study
in three domains: selection, comparability, and outcome/
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exposure. The NOS assigns a maximum of four stars for
selection (or five stars in the case of cross-sectional studies),
two stars for comparability, and three stars for outcome/
exposure. We judged studies that received a score of at least
eight stars to be at low risk of bias (i.e., thus reflecting the
highest quality).
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Data synthesis and analysis

The outcome measure was the presence (or the occurrence
over the follow-up for longitudinal studies) of either
imaging-defined or biopsy-proven NAFLD. The ORs (for
cross-sectional studies) or HRs (for longitudinal studies)
and 95% CIs were considered as the effect size for all the
eligible studies. When studies had several adjustment
models, we extracted those that reflected the maximum
extent of adjustment for potentially confounding variables.
The adjusted OR/HRs of all eligible studies were pooled,
and an overall estimate of effect size was calculated using a
random-effects model, as this methodology considers any
differences between studies even if there is no statistically
significant heterogeneity.
Visual inspection of the forest plots was used to investigate
the possibility of statistical heterogeneity. The statistical
heterogeneity among studies was assessed by the I2 statistic,
which provides an estimate of the percentage of variability
across studies that is due to heterogeneity rather than chance
alone. According to Higgins and Thompson (29), a rough
guide to interpretation is as follows: I2 values of approximately 25% represent low heterogeneity; approximately 50%
represent medium heterogeneity; and approximately 75%
represent high heterogeneity.
The possibility of publication bias was evaluated using the
funnel plot and the Egger’s regression asymmetry test (30).
To explore the possible sources of the (expected) heterogeneity among the eligible studies and to test the robustness
of the associations, we conducted stratification-sensitivity
analyses by the study design, the age population, the study
country, the definition used for establishing the presence of
hypothyroidism, the methods used for NAFLD diagnosis, the
severity of NAFLD histology (NASH – advanced fibrosis
vs. no-NASH), whether the studies had eight or nine stars on
the NOS scale (i.e., the ‘‘high-quality’’ studies), or whether
they had full adjustment for known risk factors (i.e., those
studies adjusting at least for age, sex, body mass index,
diabetes, or metabolic syndrome). We also tested for possibly excessive influence of individual studies using a metaanalysis influence test that eliminated each of the included
studies at a time.
All statistical tests were two-sided and used a significance
level of p < 0.05. We used STATA 14.2 (StataCorp, College
Station, Texas) for all statistical analyses.
Results
Literature search and study characteristics

Supplementary Figure S1 (Supplementary Data are available online at www.liebertpub.com/thy) displays the results
of the literature research and study selection. After excluding
duplicates, based on the titles and abstracts of 730 citations
(in accordance with the aforementioned exclusion criteria
of the meta-analysis), we initially identified 26 potentially
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relevant studies from PubMed, Web of Science, and Scopus
databases prior to March 1, 2018 (date last searched). After
examining the full text of these 26 publications, we further
excluded eleven studies as specified in the PRISMA flow
diagram. Supplementary Table S1 summarizes the main
characteristics of these eleven studies that were excluded at
the stage of eligibility according to the PRISMA flow diagram with the exact reason(s) for exclusion.
In total, fifteen observational studies were eligible for inclusion in the meta-analysis and were assessed for quality
(10–24). The main characteristics of the included studies are
shown in Table 1. These studies recruited both adults (n = 13
studies) and overweight/obese children or adolescents (n = 2
studies). The diagnosis of NAFLD was based on liver biopsy
(n = 3 studies), ultrasonography (n = 11 studies) or computed
tomography (n = 1 study), in the absence of excessive alcohol
consumption and other competing causes of chronic liver
disease. The diagnosis of primary hypothyroidism was either
based on a self-reported history of hypothyroidism with use
of levothyroxine replacement therapy (n = 2 studies where the
large majority of patients were euthyroid) or based on serum
TSH/fT4 measurements (n = 13 studies). Approximately half
of the included studies were carried out in Asia (n = 7 studies
from China, Iran, Philippines and South Korea); five studies
were carried out in Europe (Germany, Italy, Netherlands
and Sweden), and three studies were carried out in the
Unites States (n = 2 studies) or Mexico. Most of these
studies included adult individuals (median age, 45 years),
predominantly of female sex. Twelve studies had a crosssectional or case-control design, whereas three studies had a
longitudinal design.
Overall, in the 15 studies included in the meta-analysis
there were 44,140 individuals with a total of 6067 subjects
with primary hypothyroidism and 7810 subjects with
NAFLD. In particular, in the twelve cross-sectional studies,
there were 15,523 individuals with a total of 3720 subjects
with primary hypothyroidism and 4149 subjects with
imaging-defined or biopsy-proven NAFLD. In the three
longitudinal studies, there were 28,617 adult individuals
(2347 with hypothyroidism) with a total of 3661 new cases
with incident NAFLD (assessed by ultrasonography) occurring over a median follow-up period of 5 years.
Of the twelve included cross-sectional studies (Supplementary Table S2), two studies received at least eight stars on
the NOS (indicating that those studies had a low risk of bias),
five studies received seven stars, and the remaining five
studies received six stars or less (i.e., being at high risk of
bias). Conversely, among the three longitudinal studies two
studies received eight stars, whereas one study received seven stars on the NOS.
Hypothyroidism and risk of prevalent NAFLD

The distribution of the twelve cross-sectional studies
(involving a total of 15,523 individuals) by estimate of the
association between hypothyroidism and risk of NAFLD is
plotted in Figure 1.
Presence of variably defined hypothyroidism was significantly associated with an increased risk of prevalent NAFLD
(random-effects OR 1.42 [CI 1.15–1.77]; I2 = 51.2%). As we
have always used the fully adjusted OR estimates for each
eligible study (as specified in Table 1), in most of the included
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Study characteristics

Definition of hypothyroidism;
prevalence of hypothyroidism

Diagnosis of
NAFLD; prevalence
of NAFLD

Zhang et al.
2012 (14)

Cross-sectional study: 1322 euthyroid Subclinical hypothyroidism was
Ultrasound; 25.2%
Chinese adult individuals
defined as TSH level >2.5 mIU/L;
had NAFLD
(mean age 45 years; 58.8%
prevalence of subclinical
female; mean TSH 2.8 mIU/L)
hypothyroidism was 51%

Self-reported use of levothyroxine Biopsy; all cases
Pagadala et al. Cross-sectional case-control study:
replacement therapy; overall
had NAFLD
2012 (12)
246 U.S. patients with biopsyprevalence of hypothyroidism
proven NAFLD (mean age 50
was 13.7%. Prevalence of known
years; 56% female; mean TSH 2.2
hypothyroidism in NAFLD cases
mIU/L; mean BMI 35.2 Kg/m2)
attending hepatology clinics and
vs. controls: 21.1 % vs. 9.5%;
430 age-, sex-, race- and
hypothyroidism was even higher
BMI-matched control individuals
in NASH (25%)
without known chronic liver
diseases (mean age 50 years; 56%
female; mean TSH 1.7 mIU/L)
seen in medicine clinics
Subclinical hypothyroidism defined Ultrasound; 24.8%
Chung et al. Cross-sectional study: 4648 South
as TSH ‡4.1 mIU/L and normal
had NAFLD
2012 (13)
Korean adult individuals (mean
fT4 levels; overt hypothyroidism
age 49 years; 62.4% female; mean
defined as TSH ‡4.1 mIU/L and
TSH 3.4 mIU/L; mean fT4
fT4 < 9 pmol/L. Overall
15.2 pmol/L; mean BMI 23 kg/m2)
prevalence of hypothyroidism
was 50%

Adult population (n = 13)
Liangpunsakul Cross-sectional case-control study: Self-reported use of levothyroxine Biopsy; all cases
et al.
174 U.S. patients with biopsyreplacement therapy. Overall
had NASH
2003 (10)
proven NASH and 442 age-, sex-,
prevalence of hypothyroidism
race-, BMI-matched control
was 9.4%.
individuals without known liver
Prevalence of know
diseases (mean age 49 years; 59%
hypothyroidism in NASH cases
female, mean TSH not available)
vs. controls: 15% vs. 7.2%
Itterman et al. Population-based study (Study of
Subclinical hypothyroidism defined Ultrasound; 16.1%
2012 (11)
Health in Pomerania): 3661
as TSH >3 mIU/L and normal fT4
had NAFLD
German individuals without a
levels; overt hypothyroidism
self-reported history of thyroid or
defined as TSH >3 mIU/L and
liver diseases (mean age 50 years;
fT4 < 7 pmol/L; overall
47% female; mean TSH 0.88
prevalence of subclinical and
mIU/L; mean fT4 13 pmol/L;
overt hypothyroidism were 2.2%
mean fT3 5.2 pmol/L)
and 0.6%, respectively

Author, year
(reference)

Hypothyroidism was not independently
associated with NAFLD neither in men
nor in women (aOR 2.18 [CI 0.845.64] and aOR 1.3 [CI 0.59-2.86],
respectively). In contrast, serum fT4
levels were inversely associated with
NAFLD both in men (aOR 0.04 [CI
0.01-0.17]) and in women (aOR 0.06
[CI 0.01-0.42])
Hypothyroidism was independently
associated with NAFLD (aOR 2.10
[CI 1.1-3.9]), and even higher in
NASH (aOR 3.80 [CI 2.0-6.9])

Age, waist
circumference,
physical activity,
alcohol intake, food
intake pattern

Age, sex, BMI, waist
Hypothyroidism was independently
circumference,
associated with NAFLD (aOR 1.38
triglycerides,
[CI 1.17-1.62]); the severity of
HDL-cholesterol,
hypothyroidism was associated in a
hypertension, diabetes
dose-dependent manner with NAFLD
(aOR 1.36 [CI 1.16-1.61] for
subclinical hypothyroidism, and aOR
1.71 [CI 1.10–2.66] for overt
hypothyroidism, respectively)
Age, sex, BMI, body fat Subclinical hypothyroidism was not
percentage, blood
independently associated with NAFLD
pressure, triglycerides,
(aOR 0.78 [CI 0.45–1.33])
fasting glucose

Age, sex, race, BMI,
alcohol use

Hypothyroidism was independently
associated with NASH (aOR 2.30
[CI 1.20-4.20])

Main findings

Age, sex, race, BMI,
diabetes,
dyslipidemia,
hypertension

Covariate
adjustment

Table 1. Principal Included Observational Cross-Sectional and Longitudinal Studies Examining the Association Between Variably
Defined Primary Hypothyroidism and Nonalcoholic Fatty Liver Disease
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Study characteristics

Definition of hypothyroidism;
prevalence of hypothyroidism

Xu et al. 2012 Longitudinal case-control study: 327 Subclinical hypothyroidism defined
(15)
Chinese adult patients with
as TSH ‡4.5 mIU/L and normal
subclinical hypothyroidism and
fT4 levels; prevalence of
327 age-, sex- and BMI-matched
subclinical hypothyroidism was
euthyroid controls
50% (by study design it was
present in all cases)
Eshraghian
Cross-sectional study: 832 Iranian Subclinical hypothyroidism defined
as TSH >5.2 mIU/L and normal
et al. 2013
consecutive individuals
fT4 levels; overt hypothyroidism
(16)
(mean age 42 years; 39% female;
defined as TSH >5.2 mIU/L and
mean TSH 2.1 mIU/L; mean
2
fT4 < 11.5 pmol/L; prevalence of
BMI 26.3 kg/m )
subclinical hypothyroidism was
7.1% in NAFLD vs. 6.1% in
no-NAFLD; overt hypothyroidism
was 4.7% in NAFLD vs. 5% in
no-NAFLD
PosadasCross-sectional study;
Subclinical hypothyroidism defined
Romero
753 Mexican adult individuals
as TSH >4.5 mIU/L and normal
et al. 2014
with no history of diabetes, renal,
fT4 levels; prevalence of
(17)
hepatic, thyroid, or coronary heart
subclinical hypothyroidism was
disease participating in the
27.8%
Genetics of Atherosclerotic
Disease study (mean age 53
years; 54% female; median TSH
2.4 mIU/L)
Ludwig et al. Cross-sectional, population-based
Subclinical hypothyroidism defined
2015 (18)
study: 1,276 German adult
as TSH ‡3.4 mIU/L and normal
individuals (mean age 41 years; 47%
thyroid hormones; overt
female; mean TSH 1.8 mIU/L)
hypothyroidism defined as TSH
‡3.4 mIU/L and total T4
concentrations <12.8 pmol/L;
overall prevalence of
hypothyroidism was 4.1%
Longitudinal
retrospective cohort study: 18,544 Subclinical hypothyroidism defined
South Korean healthy individuals
as TSH >4.2 mIU/L and normal
without NAFLD on ultrasound at
fT4 levels; overt hypothyroidism
baseline (mean age 38 years; 47%
defined as TSH >4.2 mIU/L and
female; mean TSH 2.4 mIU/L;
fT4 < 12.5 pmol/L; overall
mean fT4 16.7 pmol/L)
prevalence of hypothyroidism
was 8%

Author, year
(reference)
Covariate
adjustment
Main findings

None

Ultrasound; 24.7%
with NAFLD

Ultrasound; 13%
Age, sex, BMI,
developed
triglycerides,
incident NAFLD
HDL-cholesterol,
over a mean
metabolic syndrome
follow-up of 4
years

None

Computed
tomography;
31.1% with
NAFLD

Neither subclinical hypothyroidism (aHR
0.96, 95% CI 0.81-1.14) nor overt
hypothyroidism (aHR 1.25 [CI 0.831.89]) were independently associated
with risk of incident NAFLD

Hypothyroidism was not associated with
NAFLD (uOR 1.19 [CI 0.65-2.17]);
singly, neither subclinical
hypothyroidism (uOR 0.81 [CI 0.361.81]) nor overt hypothyroidism (uOR
2.15 [CI 0.84-5.50]) were associated
with NAFLD

Subclinical hypothyroidism was not
associated with NAFLD (uOR 0.83 [CI
0.55–1.25])

Ultrasound; 15%
Age, sex, BMI, waist
Subclinical hypothyroidism was
developed
circumference, blood
independently associated with risk of
incident NAFLD
pressure, triglycerides,
developing incident NAFLD (aHR
over a median
HDL-cholesterol,
2.21 [CI 1.42-3.44])
follow-up of 4.9
fasting glucose
years
Ultrasound; 15.3% None
Subclinical hypothyroidism was not
had NAFLD
associated with NAFLD (uOR 1.12 [CI
0.51–2.46]). Overt hypothyroidism
was not associated with NAFLD (uOR
0.87 [CI 0.33–2.28])

Diagnosis of
NAFLD; prevalence
of NAFLD

Table 1. (Continued)

Downloaded by KAOHSIUNG MEDICA UNIVERSITY from www.liebertpub.com at 10/19/18. For personal use only.

(continued)

++

0

0

0

+++

Degree of
covariate
adjustmenta

1275

Study characteristics

Definition of hypothyroidism;
prevalence of hypothyroidism

Diagnosis of
NAFLD; prevalence
of NAFLD
Covariate
adjustment
Main findings

++

++

+++

0

+++

Degree of
covariate
adjustmenta

Data ordered by publication year and by age population.
a
Degree of adjustment: 0, unadjusted; +, adjusted for age, sex, and BMI; ++, further adjustment for diabetes, dyslipidemia, and hypertension; +++, further adjustment for other potential risk factors
(including waist circumference).
aHR, adjusted hazard ratio; aOR, adjusted odds ratio; BMI, body mass index; CI, 95% confidence interval; fT3, free triiodothyronine; fT4, free thyroxine; HDL, high-density lipoprotein;
NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; TSH, thyrotropin; uOR, unadjusted odds ratio.

Longitudinal prospective cohort
Subclinical hypothyroidism defined Fatty liver index at Age, sex, BMI, cohort, Any form of hypothyroidism was
study (The Rotterdam Study):
as serum TSH >4.0 mIU/L and
baseline;
alcohol intake,
independently associated with incident
9419 euthyroid Dutch elderly
normal fT4 levels; overt
Ultrasound and
smoking, follow-up
NAFLD (aOR 1.24 [CI 1.01–1.53]). No
individuals (mean age 64.7 years;
hypothyroidism defined as serum
Fibroscan at
time, use of lipidsignificant association was observed
57% female; median TSH 1.9
TSH >4.0 mIU/L and
follow-up; 12.9%
lowering drugs, total
between serum TPO antibodies and
mIU/L; mean fT4 15.5 pmol/L;
fT4 < 10.9 pmol/L; overall
developed
cholesterol,
NAFLD risk. When separate statistical
13% with TPO-Ab positivity)
prevalence of hypothyroidism
incident NAFLD
triglycerides,
analyses were performed, neither
was 5.7%
over a median
hypertension, diabetes
subclinical hypothyroidism (aOR 1.19
follow-up of 10
[CI 0.95-1.49]) nor overt hypothyroidism
years
(aOR 2.0 [CI 0.98-3.97]) were
independently associated with risk of
incident NAFLD. In contrast, both
subclinical hypothyroidism (aOR 2.14
[CI 1.04-4.07]) and overt hypothyroidism
(aOR 6.64 [CI 1.04-23.9]) were
independently associated with increased
risk of incident NAFLD with hepatic
fibrosis on Fibroscan. Hyperthyroidism
was not independently associated with
incident NAFLD
Lingad-Sayas Cross-sectional study (retrospective Subclinical hypothyroidism defined as Ultrasound; 48%
None
Subclinical hypothyroidism was not
et al. 2017
review of charts): 580 Filipino
TSH >4.5 mIU/L and normal fT4
had NAFLD
associated with NAFLD (uOR 0.66
(21)
adult individuals (mean age 48
levels (and without history of thyroid
[CI 0.26-2.74])
years; 41% female; mean TSH 2.0
disease); prevalence of subclinical
mUI/L)
hypothyroidism was 3.1%
Age, sex, BMI, smoking, Subclinical hypothyroidism was
Kim et al.
Cross-sectional study (the Boramae Subclinical hypothyroidism defined Biopsy; all had
as serum TSH >4.5 mIU/L and
NAFLD
hypertension, diabetes,
independently associated with NASH
2018 (22)
NAFLD study): 425 South
normal fT4 levels; prevalence of
total cholesterol,
(aOR 1.61 [CI 1.04-2.50]) and advanced
Korean individuals with biopsysubclinical hypothyroidism was
triglycerides, visceral
fibrosis (aOR 2.23 [CI 1.18-4.23]). Risks
proven NAFLD (mean age 53
13.9%
adipose tissue area, and
of NASH and advanced fibrosis
years; 48% female; mean TSH 3.4
insulin resistance
increased significantly with increasing
mIU/L; mean BMI 27.8 kg/m2)
(HOMA-IR score)
plasma TSH concentrations
Pediatric population (n = 2)
Pacifico et al. Cross-sectional study: 402
Subclinical hypothyroidism defined Ultrasound; 35.8% Age, sex, BMI-SD score, Subclinical hypothyroidism was
2013 (23)
consecutive Italian overweight or
as serum TSH >4 mIU/L and
had NAFLD
stage of puberty
independently associated with NAFLD
obese children aged 616 years
normal fT4 levels; prevalence of
(aOR 2.10 [CI 1.22–3.60])
(mean age 11 years; 42.7%
subclinical hypothyroidism was
female; mean TSH 3 mIU/L)
21.9%
Kaltenbach
Cross-sectional study: 332 Swedish Subclinical hypothyroidism defined Ultrasound; 29.8% Age, BMI-SD score,
Subclinical hypothyroidism was
et al. 2017
overweight or obese children and
as serum TSH >3.3 mIU/L (i.e.,
had NAFLD
stage of puberty
independently associated with NAFLD
(24)
adolescents aged 10–19 years
upper quartile) and normal fT4
(aOR 3.22 [CI 1.47–7.03])
(mean age 14 years; 51.2%
levels; prevalence of subclinical
female; mean TSH 2.6 mIU/L)
hypothyroidism was 10.5%

Bano et al.
2016 (20)

Author, year
(reference)

Table 1. (Continued)
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FIG. 1. Forest plot and pooled estimates of the effect of variably defined primary hypothyroidism (defined as either self-reported use of levothyroxine replacement therapy or
abnormal levels of serum thyroid stimulating hormone and/or free thyroxine) on the risk of prevalent nonalcoholic fatty liver disease (NAFLD) in 12 eligible cross-sectional
studies.
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studies this random-effects OR was independent of age, sex,
BMI and common metabolic risk factors.
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Hypothyroidism and risk of severe NAFLD

The distribution of studies by estimate of the association
between hypothyroidism and the severity of NAFLD is
plotted in Figure 2. Three cross-sectional or case-control
studies (involving a total of 1717 U.S. or South Korean
adults) provided data suitable for the pooled primary analysis
(10,12,22). In these studies, the diagnosis of NAFLD was
always confirmed by liver biopsy; in particular, the outcome
measure was the presence of histological NASH in two
studies, and histological advanced fibrosis in a single study.
The diagnosis of primary hypothyroidism was based on a selfreported history of hypothyroidism with use of levothyroxine
replacement therapy in two studies and based on the presence
of subclinical hypothyroidism in a single study. No data were
available about the effect of newly diagnosed overt hypothyroidism on the histological severity of NAFLD.
Overall, the presence of variably defined hypothyroidism
was associated with a 2.7-fold higher risk of prevalent NASH
or advanced fibrosis (random-effects OR 2.73 [CI 1.90–
3.93]; I2 = 0%). This association was independent of age, sex,
BMI, diabetes, or other common metabolic risk factors.
Hypothyroidism and risk of incident NAFLD

The distribution of longitudinal studies by estimate of
the association between hypothyroidism and risk of incident
NAFLD is plotted in Figure 3. Three longitudinal studies
(involving a total of 28,617 adult individuals from China,
South Korea, or the Netherlands) provided data suitable
for the pooled primary analysis (15,19,20). In these studies,
the diagnosis of hypothyroidism was based exclusively on
abnormal thyroid function tests (mainly identifying those
individuals with subclinical hypothyroidism), whereas the
development of incident NAFLD over a median period of 5
years was detected using ultrasonography in all participants
(n = 3661 cases of incident NAFLD).
Overall, the presence of subclinical hypothyroidism was
not significantly associated with an increased risk of incident
ultrasound-diagnosed NAFLD (random-effects HR 1.29 [CI
0.89–1.86]; I2 = 83.9%) even after controlling for age, sex,
BMI, diabetes, or other known metabolic risk factors. No
sufficient data were available in the eligible studies to test the
effect of overt hypothyroidism on the development of incident NAFLD. However, it should be noted that in the cohort
study of Bano et al. (20) both subclinical hypothyroidism
(adjusted OR 2.14 [CI 1.04–4.07]) and overt hypothyroidism
(adjusted OR 6.64 [CI 1.04–23.9]) were independently associated with an increased risk of developing NAFLD with
varying levels of hepatic fibrosis (as assessed by vibrationcontrolled transient elastography).
Subgroup/sensitivity analyses and meta-regression

To explore possible sources of heterogeneity across the
included studies, we carried out several sensitivity analyses
(Table 2).
Limiting the analysis to ‘‘high-quality’’ studies with NOS
‡8 stars or those with full adjustment for covariates provided
overall estimates consistent with the pooled primary analysis
for both cross-sectional and longitudinal studies.
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When the comparison was stratified by methods used for
diagnosing NAFLD, the significant association between
variably defined hypothyroidism and NAFLD was consistent
both for cross-sectional studies using biopsy (n = 3 studies)
and for cross-sectional and longitudinal using liver ultrasonography or computed tomography (n = 12 studies).
When the comparison was stratified by the criteria used for
identification of hypothyroidism, the significant association
between primary hypothyroidism and NAFLD was consistent
for both cross-sectional studies using the self-reported history
of hypothyroidism with use of levothyroxine replacement
therapy (n = 2 studies) and cross-sectional or longitudinal
studies using serum TSH/fT4 measurements as diagnostic
criterion for identifying newly diagnosed subclinical and
overt hypothyroidism (singly or in combination) and also
tended to increase across the different definitions of hypothyroidism (with the greatest random-effects ORs in patients
taking levothyroxine replacement therapy, intermediate in
patients with overt hypothyroidism, and lowest in those with
subclinical hypothyroidism).
Finally, when the comparison was stratified either by study
country or by age population, the significant association between variably defined hypothyroidism and risk of NAFLD
was consistent both for both adults and overweight or obese
children/adolescents, whereas it seemed to be (slightly) stronger
in U.S./European populations compared with Asian populations. No longitudinal studies were available for this subgroup analysis in pediatric populations.
We also tested for the possibility of excessive influence of
individual studies using an influence test that eliminated each
of the included studies one at a time. Eliminating each of the
eligible studies from the analysis had no significant effect on
the overall risk of NAFLD (data not shown).
In Supplementary Figure S2 we reported the results of
univariable meta-regression analyses showing the lack of any
significant association of age, sex, or BMI with the risk of
prevalent NAFLD in the eligible cross-sectional studies.
As shown in Supplementary Figure S3, the Egger’s regression test did not show statistically significant asymmetry
of the funnel plots, thus suggesting that publication bias was
unlikely, although it should be noted that the number of included studies (n = 15) was relatively small.
Discussion

Our meta-analysis involves a total of 15 observational
studies using either liver biopsy or imaging techniques
(mostly ultrasonography) to diagnose NAFLD with aggregate data on 44,140 individuals, nearly 14% of whom who
were either taking levothyroxine replacement therapy or had
subclinical or overt hypothyroidism. Meta-analysis of data
from the twelve cross-sectional studies has shown that the
presence of variably defined hypothyroidism was associated
with a 42% increased risk of imaging-defined or biopsyproven NAFLD. This risk tended to increase across the different definitions used for diagnosing hypothyroidism (i.e., a
self-reported history of hypothyroidism with use of levothyroxine replacement therapy > newly-diagnosed overt
biochemical hypothyroidism > newly-diagnosed subclinical
hypothyroidism), and appeared to further increase with
greater severity of NAFLD (reaching a risk of almost three
times greater in the presence of NASH or advanced fibrosis
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FIG. 2. Forest plot and pooled estimates of the effect of variably defined primary hypothyroidism on the severity of NAFLD on liver histology in three eligible cross-sectional
studies.

Downloaded by KAOHSIUNG MEDICA UNIVERSITY from www.liebertpub.com at 10/19/18. For personal use only.

1279

FIG. 3. Forest plot and pooled estimates of the effect of subclinical primary hypothyroidism (defined as elevated serum thyroid stimulating hormone with normal free
thyroxine levels) on the risk of developing incident NAFLD (detected by ultrasonography) over a median follow-up period of five years in three eligible longitudinal studies.
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Table 2. Subgroup/Sensitivity Analyses: Association Between Primary Hypothyroidism
and Risk of NAFLD in Cross-Sectional and Longitudinal Studies

NOS category
NOS <8 stars

NOS ‡8 stars
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Degree of covariate adjustmenta
Not or partially adjusted (0/+)

Fully adjusted (++ or more)

Diagnosis of NAFLD
Ultrasonography

Computed tomography

Biopsy

Definition of hypothyroidism
Subclinical or overt
hypothyroidism (based
on serum TSH/fT4 levels)
Subclinical hypothyroidism
alone (based on serum
TSH/fT4 levels)
Overt hypothyroidism alone
(based on serum
TSH/fT4 levels)
Self-reported history of
hypothyroidism with use
of levothyroxine
replacement therapy
Study country
Europe

United States

Mexico

Cross-sectional studies

Longitudinal studies

Random-effects OR 1.41 [CI 1.03–1.93]
I2 = 63%
Number of studies: 10
n = 7214
Random-effects OR 1.39 [CI 1.19–2.48]
I2 = 0%
Number of studies: 2
n = 8309

Random-effects HR 2.21 [CI 1.42–3.44]
I2 = not applicable
Number of studies: 1
n = 654
Random-effects HR 1.10 [CI 0.82–1.48]
I2 = 75%
Number of studies: 2
n = 27,963

Random-effects OR 1.12 [CI 0.77–1.63]
I2 = 40%
Number of studies: 5
n = 4,117
Random-effects OR 1.59 [CI 1.22–2.08]
I2 = 54%
Number of studies: 7
n = 11,406

Not applicable

Random-effects HR 1.29 [CI 0.89–1.86]
I2 = 83.9%
Number of studies: 3
n = 28,617

Random-effects OR 1.37 [CI 1.05–1.79]
I2 = 47%
Number of studies: 8
n = 13,053
Random-effects OR 0.83 [CI 0.55–1.25]
I2 = not applicable
Number of studies: 1
n = 753
Random-effects OR 1.88 [CI 1.38–2.56]
I2 = 0%
Number of studies: 3
n = 2517

Random-effects HR 1.29 [CI 0.89–1.86]
I2 = 83.9%
Number of studies: 3
n = 28,617
Not applicable

Random-effects OR 1.31
I2 = 53%
Number of studies: 10
n = 14,231
Random-effects OR 1.35
I2 = 0%
Number of studies: 4
n = 7181
Random-effects OR 1.61
I2 = 0%
Number of studies: 3
n = 6756
Random-effects OR 2.19
I2 = 0%
Number of studies: 2
n = 1292

[CI 1.04–1.66]

Not applicable

[CI 1.17–1.57]

Random-effects HR 1.29 [CI 0.89–1.86]
I2 = 83.9%
Number of studies: 3
n = 28,617
Random-effects HR 1.45 [CI 0.94–2.22]
I2 = 22%
Number of studies: 2
n = 27,963
Not applicable

[CI 1.11–2.32]

[CI 1.41–3.43]

Random-effects OR 1.81 [CI 1.27–2.58]
I2 = 20.8%
Number of studies: 4
n = 5671
Random-effects OR 2.19 [CI 1.41–3.43]
I2 = 0%
Number of studies: 2
n = 1292
Random-effects OR 0.83 [CI 0.55–1.25]
I2 = not applicable
Number of studies: 1
n = 753

Not applicable

Random-effects HR 1.24 [CI 1.01–1.53]
I2 = not applicable
Number of studies: 1
n = 9419
Not applicable

Not applicable

(continued)
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Table 2. (Continued)

Asia

Age population
Adults
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Children/adolescents
(overweight or obese)

Cross-sectional studies

Longitudinal studies

Random-effects OR 1.20 [CI 0.91–1.59]
I2 = 44%
Number of studies: 5
n = 7807

Random-effects HR 1.42 [CI 0.63–3.21]
I2 = 92%
Number of studies: 2
n = 19,198

Random-effects OR 1.29 [CI 1.04–1.60]
I2 = 46%
Number of studies: 10
n = 14,789
Random-effects OR 2.41 [CI 1.54–3.77]
I2 = 0%
Number of studies: 2
n = 734

Random-effects HR 1.29 [CI 0.89–1.86]
I2 = 83.9%
Number of studies: 3
n = 28,617
Not applicable

Data stratified by category of Newcastle-Ottawa quality assessment scale, degree of covariate adjustment, diagnostic methods for
NAFLD, definition of primary hypothyroidism, study country, and age population.
a
Degree of covariate adjustment: 0, unadjusted; +, adjusted for age, sex, and BMI; ++, further adjustment for diabetes, dyslipidemia, and
hypertension; +++, further adjustment for other potential risk factors.
NOS, Newcastle-Ottawa quality assessment scale.

on liver histology) and, most importantly, remained significant in those studies where analysis was fully adjusted for
age, sex, BMI, diabetes, or other common metabolic risk
factors. Conversely, meta-analysis of data from the three
longitudinal studies has shown that subclinical hypothyroidism was not independently associated with the risk of
incident NAFLD (assessed by ultrasonography) over a median follow-up of 5 years. It should be noted that, as expected,
no sufficient data were available in most of the eligible
studies to examine the effect of newly diagnosed overt hypothyroidism on the risk of incident NAFLD.
Our meta-analysis exploring the association between
variably defined primary hypothyroidism and the risk of
NAFLD is the largest and most comprehensive assessment
to date. Two previous smaller meta-analyses have yielded
controversial findings (25,26]. One meta-analytic study of
nine studies (involving a total of *32,000 subjects) showed
that patients with NAFLD had no significant differences in
serum thyroid hormone levels compared with control individuals and that there was no significant association between
variably defined primary hypothyroidism and NAFLD
(random-effects OR 1.21 [CI 0.91–1.61]; I2 = 72%) (25).
Compared with our meta-analysis, the authors have included
six identical studies to those included in our meta-analysis
(11,13,14,16,18,19), but also three cross-sectional studies
(31–33) that we have excluded for the reasons specifically
reported in supplementary Table 1. In addition, they did not
include studies performed in adolescents (23,24), and crosssectional or longitudinal studies published in adults from
2016 to 2018 (20–22). Conversely, in the other published
meta-analysis of 13 cross-sectional and longitudinal studies
(involving a total of *41,000 subjects), He et al. reported a
significant association between variably defined primary
hypothyroidism and the risk of NAFLD (random-effects OR
1.52 [CI 1.24–1.87]; I2 = 75.1%) (26). Compared with our
meta-analysis, these authors have included eleven studies
identical to those included in our meta-analysis (10–13,15–
17,19,20,23,24), but also an unpublished M.D. thesis and a
case-control study conducted in India (31) that we have excluded from the pooled primary analysis (Supplementary

Table S1), because it provided extraordinarily high ORs
(adjusted OR 14.9 [CI 3.5–63] for the association between
hypothyroidism and NAFLD. Moreover, the authors did not
include in their meta-analysis the studies by Zhang et al. and
Ludwig et al. (14,18) as well as some other cross-sectional
studies published from 2017 to 2018 (21,22).
For the aforementioned reasons, we believe that the findings of these two previous meta-analyses should be interpreted cautiously, especially because they have important
methodological limitations (combining, for example, the results of both cross-sectional and longitudinal studies within
the same pooled primary analysis; including a number of
studies of very low quality according to the NOS scale; not
performing extensive sensitivity analyses to explore possible
sources of heterogeneity) and did not consider much of the
currently available evidence (mainly the studies published
in 2017 and 2018, which we have included in our metaanalysis). As a result of these methodological limitations, it
should also be noted that in both meta-analyses there was a
very high degree of heterogeneity (I2 ‡ 72%) for the pooled
primary analysis, and the visual inspection of the funnel plots
showed the presence of significant publication bias (25,26).
Compared with these two previous meta-analyses, we have
included some new observational studies published in 2017
and 2018 (as specified above) and conducted more thorough
statistical analyses. As a result of this methodological effort,
our meta-analysis provides strong evidence that the presence
of variably defined hypothyroidism is significantly associated
with a 42% increased risk of prevalent NAFLD (randomeffects OR 1.42 [CI 1.15–1.77]; I2 = 51.2%); moreover, we
also show that this risk is consistent both for studies using the
self-reported history of hypothyroidism with use of levothyroxine replacement therapy and for those using serum
TSH/fT4 measurements as diagnostic criteria for diagnosing
hypothyroidism. No sufficient data were available in the eligible studies to examine the effect of overt hypothyroidism
on risk of incident NAFLD.
Notably, our meta-analysis is first in suggesting that the
presence of variably defined hypothyroidism is associated
with a 2.7-fold higher risk of prevalent NASH or advanced
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fibrosis on liver histology (n = 3 studies included; randomeffects OR 2.73, 95% CI 1.90-3.93; I2 = 0%), independently of
age, sex, BMI, or other common metabolic risk factors. In addition, performing separate meta-analytic analyses for longitudinal studies (n = 3 studies totaling nearly 29,000 individuals),
we show for the first time that the presence of subclinical hypothyroidism is not independently associated with the risk of
incident NAFLD (detected by ultrasonography) over a median
follow-up of 5 years (random-effects HR 1.29, 95% CI 0.891.86; I2 = 83.9%). However, on the basis of the available studies,
it is likely that this finding could be due to the lack of adequate
statistical power, and that larger (n > 10,000 individuals) prospective cohort studies with longer follow-up periods (‡10
years) will be needed to better elucidate this important topic.
That said, we believe that the findings of our meta-analysis
strongly support the notion that variably defined primary hypothyroidism is significantly associated with NAFLD, and may
also have clinical practice implications for the potential
screening of hypothyroidism and NAFLD. Indeed, these findings suggest that individuals with NAFLD should probably be
screened for primary hypothyroidism; and that NAFLD should
be looked for in patients with hypothyroidism, given that these
patients are at higher risk of NASH and advanced fibrosis.
A detailed description of the multifactorial pathogenesis
involved in the hypothyroidism-induced NAFLD is beyond
the scope of this meta-analysis. To date, there is convincing
evidence of biological plausibility that overt hypothyroidism
can promote NAFLD development through multiple extrahepatic (systemic) and intrahepatic mechanisms. Indeed,
hypothyroidism can induce NAFLD through the systemic
development of metabolic disorders, low-grade inflammation, and increased oxidative stress. Moreover, thyroid hormones also have direct effects on hepatic glucose and lipid
metabolism (9,34,35).
In addition to the adverse effects of decreased serum thyroid hormones on hepatic glucose and lipid metabolism, it is
also possible that elevated serum TSH per se could promote
the development of NAFLD by stimulating hepatic de novo
lipogenesis (36). Additionally, the intrahepatic thyroid hormone concentration and/or thyroid hormone signaling could
be decreased in the livers of patients with NAFLD (37–39).
Recent advances in areas such as cell imaging, autophagy and
metabolomics have also generated a more detailed picture of
thyroid hormone–mediated regulation of hepatic lipid metabolism at the molecular level (9). Given these potentially
beneficial effects on lipid metabolism, it is possible that
thyroid hormone analogues or mimetics could be useful for
the treatment of metabolic diseases involving the liver, such
as dyslipidemia and NAFLD (9,35). In a recent phase 2b
single arm trial, it has been reported that low dose levothyroxine significantly reduced hepatic fat content (assessed by magnetic resonance spectroscopy) in euthyroid
patients with type 2 diabetes and NAFLD (40). A multicenter,
double-blinded, randomized, placebo-controlled phase 2 trial
is also ongoing to evaluate the efficacy and safety of MGL3196 (i.e., a highly selective liver-directed, thyroid hormone
receptor-b agonist) in patients with biopsy-proven NASH.
Our meta-analysis has some important limitations (strictly
inherent to the design of the included studies) that should be
mentioned. First, the observational design of the (crosssectional and longitudinal) studies does not allow establishing temporal or causal relationships between hypothyroidism
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and NAFLD. Second, although the large majority of the included studies have adjusted the results at least for age, sex,
BMI, and diabetes (or metabolic syndrome), the possibility of
residual confounding by some unmeasured factors cannot be
ruled out. Third, the studies included in the meta-analysis
used various definitions of primary hypothyroidism (ranging
from a self-reported history of hypothyroidism with the use of
levothyroxine replacement therapy to abnormal levels of
thyroid function tests with variably different TSH laboratory
cutoffs for diagnosing subclinical hypothyroidism). In particular, in the meta-analysis there were two cross-sectional
studies that defined the presence of ‘‘hypothyroidism’’ as a
self-reported use of levothyroxine replacement therapy. It is
likely that the large majority of these patients were euthyroid.
Indeed, as also reported in Table 1, in the study by Pagadala
et al. the mean TSH levels of these patients were within the
reference range (12). Conversely, no data on serum TSH levels
were available for the study by Liangpunsakul et al. (10).
Another limitation of the meta-analysis is that serum levels
of TSH and fT4 were not serially monitored, and that levels
of thyroid antibodies were not consistently measured in all
studies [except for the study by Bano et al. (20), who measured serum TPO antibodies but did not find any significant
association between levels of TPO antibodies and risk of
incident NAFLD]; hence, the cause of hypothyroidism is not
clear. A potential limitation of the meta-analysis is that most
of the eligible studies used liver ultrasonography, which has a
good sensitivity (*85%) and specificity (*95%) for detecting mild-to-moderate steatosis compared with liver histology (i.e., when at least 20–30% of hepatocytes are steatotic
on biopsy), but it is not sensitive enough to detect milder
degrees of steatosis (2,41–43), whereas only a minority of the
eligible studies used biopsy, which is the reference standard
for diagnosing and staging NAFLD (2,3). In this regard, the
available data supporting a significant, graded relationship
between hypothyroidism and the histological severity of
NAFLD are derived from three, though large, cross-sectional
studies (10,12,22). However, it should be noted that longitudinal studies with adequate histological endpoints were not
available for this analysis, thus limiting the generalizability
of these findings. Nevertheless, it should also be pointed out
that both subclinical and overt hypothyroidism were independently associated with an increased 10-year risk of developing incident NAFLD with clinically significant hepatic
fibrosis (assessed by vibration-controlled transient elastography, Fibroscan) in a large population-based cohort of
elderly Dutch individuals (20).
We believe that future larger prospective studies, possibly
using magnetic resonance-proton density fat fraction and
magnetic resonance-based elastography (which are rapidly
being recognized as being as good as liver biopsies) (2,44)
will be needed to better elucidate whether subclinical hypothyroidism increases risk of developing incident NAFLD.
Another important limitation of the meta-analysis is that
although we found a medium level of heterogeneity (I 2 =
51.2%) for the pooled primary analysis of cross-sectional
studies, the overall quality of these studies was relatively low,
suggesting a medium-high risk of bias according to the NOS
scale. In contrast, although the quality of the three longitudinal studies was relatively high on the NOS scale, the level
of heterogeneity was high (I2 = 83.9%) for the pooled primary
analysis of these studies. We systematically explored and
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identified possible sources of statistical heterogeneity using
stratified analyses, meta-regression, and sensitivity analyses.
However, we believe that more detailed analyses of the
causes of heterogeneity will require collaborative pooling of
individual participant data from large prospective studies as
these become available over time. Finally, although a selective reporting bias of eligible studies could be not definitely
excluded, we also searched for grey literature in Scopus and
Web of Science databases and made every effort to rule out
very low-quality studies by using stringent inclusion criteria.
We believe that our comprehensive search has made it unlikely that any published reports were missed, and visual
inspection of funnel plots and formal tests demonstrated no
statistical evidence of publication bias.
Notwithstanding these limitations, our meta-analysis has
several important strengths. As previously discussed, the
present meta-analysis provides the most comprehensive assessment to date on the association between variably defined
primary hypothyroidism and risk of prevalent and incident
NAFLD. Additionally, we employed standardized risk estimates from all eligible studies to allow a consistent combination of estimates across studies. The large number of
individuals with NAFLD or hypothyroidism has provided
high statistical power to quantitatively assess the magnitude
of the association between hypothyroidism and risk of
NAFLD. It should be noted that none of the included studies
have examined the effect of levothyroxine replacement
therapy when exploring the risk of NAFLD in patients with
subclinical or overt hypothyroidism. A post hoc analysis of
a randomized controlled trial recently showed that levothyroxine replacement therapy for 15 months had beneficial
effects on both serum liver enzyme levels and ultrasounddiagnosed NAFLD among patients with subclinical hypothyroidism (45). More clinical trials with histological liver
endpoints are needed to better examine the possible benefits
of levothyroxine replacement therapy on NAFLD.
In conclusion, this comprehensive meta-analysis of observational studies provides evidence for a significant and
independent association between variably defined primary
hypothyroidism and the presence and severity of imagingdefined or biopsy-proven NAFLD. However, it remains also
uncertain whether subclinical hypothyroidism independently
predicts the development of incident NAFLD. It should be
noted that the temporal relationship between liver and thyroid
diseases is not clear, and that a causal relationship between
NAFLD and primary hypothyroidism cannot be definitely established. Further large and well-designed prospective studies to
confirm these findings should be undertaken, and mechanistic
studies to better elucidate the mechanisms underlying the association between hypothyroidism and NAFLD are also warranted.
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Türker F, Mamaç RY, Yenigün M 2016 FT3/FT4 ratio

MANTOVANI ET AL.

34.
35.
36.

37.
38.
39.

40.

41.

42.

43.
44.
45.

predicts non-alcoholic fatty liver disease independent of
metabolic parameters in patients with euthyroidism and
hypothyroidism. Clinics (Sao Paulo) 71:221–225.
Loria P, Carulli L, Bertolotti M, Lonardo A 2009 Endocrine
and liver interaction: the role of endocrine pathways in
NASH. Nat Rev Gastroenterol Hepatol 6:236–247.
Efstathiadou ZA, Kita MD, Polyzos SA 2018 Thyroid
dysfunction and nonalcoholic fatty liver disease. Minerva
Endocrinol 43:367–376.
Yan F, Wang Q, Lu M, Chen W, Song Y, Jing F, Guan Y,
Wang L, Lin Y, Bo T, Zhang J, Wang T, Xin W, Yu C,
Guan Q, Zhou X, Gao L, Xu C, Zhao J 2014 Thyrotropin
increases hepatic triglyceride content through upregulation
of SREBP-1c activity. J Hepatol 61:1358–1364.
Sinha RA, Yen PM 2016 Thyroid hormone-mediated autophagy and mitochondrial turnover in NAFLD. Cell
Biosci 6:46.
Sinha RA, Singh BK, Yen PM 2014 Thyroid hormone
regulation of hepatic lipid and carbohydrate metabolism.
Trends Endocrinol Metab 25:538–545.
Pihlajamaki J, Boes T, Kim EY, Dearie F, Kim BW,
Schroeder J, Mun E, Nasser I, Park PJ, Bianco AC,
Goldfine AB, Patti ME 2009 Thyroid hormone-related
regulation of gene expression in human fatty liver. J Clin
Endocrinol Metab 94:3521–3529.
Bruinstroop E, Dalan R, Yang C, Bee YM, Chandran K,
Cho LW, Soh SB, Teo EK, Toh SA, Leow MKS, Sinha RA,
Sadananthan SA, Michael N, Stapleton H, Leung C, Angus
PW, Patel SK, Burrell LM, Chi LS, Fang SC, Velan SS,
Yen PM 2018 Low dose levothyroxine reduces intrahepatic
lipid content in patients with type 2 diabetes mellitus and
NAFLD. J Clin Endocrinol Metab 103:2698–2706.
Hernaez R, Lazo M, Bonekamp S, Kamel I, Brancati FL,
Guallar E, Clark JM 2011 Diagnostic accuracy and reliability of ultrasonography for the detection of fatty liver: a
meta-analysis. Hepatology 54:1082–1090.
Ballestri S, Nascimbeni F, Baldelli E, Marrazzo A, Romagnoli D, Targher G, Lonardo A 2017 Ultrasonographic
fatty liver indicator detects mild steatosis and correlates
with metabolic/histological parameters in various liver
diseases. Metabolism 72:57–65.
Lee DH 2017 Imaging evaluation of non-alcoholic fatty
liver disease: focused on quantification. Clin Mol Hepatol
23:290–301.
Loomba R 2018 Role of imaging-based biomarkers in
NAFLD: recent advances in clinical application and future
research directions. J Hepatol 68:296–304.
Liu L, Yu Y, Zhao M, Zheng D, Zhang X, Guan Q, Xu C,
Gao L, Zhao J, Zhang H 2017 Benefits of levothyroxine
replacement therapy on nonalcoholic fatty liver disease in
subclinical hypothyroidism patients. Int J Endocrinol
2017:5753039.

Address correspondence to:
Giovanni Targher, MD
Department of Biomedical and Surgical Sciences
University of Verona
Piazzale Stefani, 1
Verona 37126
Italy
E-mail: giovanni.targher@univr.it

