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Abstract N
Background: Whether hypothyroidism is related to non-alcoholic fatty liver disease (NAFLD) is controversial. Our aim was to |
investigate the relationship between NAFLD and hypothyroidism that may predict the NAFLD potential of these lesions and new
prevention strategies in hypothyroidism patients.

Methods: Totally 51,407 hypothyroidism patients with average 28.23% NAFLD were analyzed by Revman 5.3 and Stata 15.1
softwares in the present study. The PubMed and Embase databases were systematically searched for works published through May
9, 2020.

Results: The blow variables were associated with an increased risk of NAFLD in hypothyroidism patients as following: increased of
thyroid stimulating hormone (TSH) levels (odds ratio [OR] = 1.23, 1.07-1.39, P=.0001); old age (mean difference [MD]=3.18, 1.57—
4.78, P=.0001); increased of body mass index (BMI) (MD=3.39, 2.79-3.99, P < .000001); decreased of free thyroxine 4 (FT4) levels
(MD=-0.28, -0.53 to -0.03, P=.03). In addition, FT3 (MD=0.11, -0.09-0.3, P=.29) had no association with the risk of NAFLD in
hypothyroidism patients.

Conclusion: Our systematic review identified results are as following: hypothyroidism was positively associated with the risk of
NAFLD. The increased concentration of TSH levels maybe a risk factor that increased incidence of NAFLD. The BMI of NAFLD
patients was significantly higher than that of non-NAFLD patients. Old age was significantly associated with the incidence of NAFLD.
FT4 was significantly associated with the risk of NAFLD due to its negatively effect while FT3 was not significantly related to the risk of
NAFLD. Taken together, the present meta-analysis provides strong evidence that hypothyroidism may play a vital role in the
progression and the development of NAFLD.

Abbreviations: BMI| = body mass index, Cl = confidence interval, FT3 = free triiodothyronine, FT4 = free thyroxine 4, HCC =
hepatocellular carcinoma, IR = insulin resistance, MD = mean difference, MetS = metabolic syndrome, NAFL = nonalcoholic fatty
liver, NAFLD = non-alcoholic fatty liver disease, NASH = nonalcoholic steatohepatitis, NOS = Newcastle-Ottawa quality assessment
scale, OR = odds ratio, T2D = type 2 diabetes mellitus, THR = thyroid hormone receptor, TSH = thyroid stimulating hormone.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is common worldwide
chronic liver disease which increased substantially decade years
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in both developed and developing countries.! NAFLD is divided
into 2 histological categories clinically including nonalcoholic
fatty liver (NAFL) and nonalcoholic steatohepatitis (NASH)
which cause of liver disease with prevalence estimates ranging
from 25% to 45%.1! A range of progressive liver diseases are
included in NAFLD, ranging from simple steatosis to NASH,
with fibrosis that usually developing into cirrhosis and
hepatocellular carcinoma (HCC).®!

From a pathogenic point of view, NAFLD is closely related to
the characteristics of insulin resistance (IR) and metabolic
syndrome (MetS).*! MetS is a recognized as the risk factors of
cardiovascular metabolic which including visceral overweight/
obesity, atherosclerotic dyslipidemia, glucose intolerance or type
2 diabetes mellitus (T2D), and hypertension.””! Moreover, it was
reported that most of these cardiovascular metabolic risk factors
come from systemic and liver IR.!*! This metabolic abnormality
activates multiple molecular pathways, leading to metabolic
disorders and a pro-inflammatory environment, which may cause
an accumulated in the same individual and the development of
MetS."”! In addition, NAFLD is not only related to morbidity and
mortality of liver, but also with the increased risk of other
dise[ages such as chronic kidney disease and colorectal carcino-
ma.


https://orcid.org/0000-0003-2234-0981
https://orcid.org/0000-0003-2234-0981
mailto:16867606@qq.com
http://creativecommons.org/licenses/by-nc/4.0
http://creativecommons.org/licenses/by-nc/4.0
http://dx.doi.org/10.1097/MD.0000000000025738

Zeng et al. Medicine (2021) 100:17

Hypothyroidism includes subclinical hypothyroidism and
overt hypothyroidism in clinical practice. Subclinical hypothy-
roidism is a disease in which the level of thyroid stimulating
hormone (TSH) is higher than the normal range, the level of
serum free thyroxine 4 (FT4) is normal, and there is no
apparently clinical symptoms.”! Overt hypothyroidism is a
disease with increased TSH levels, decreased FT4 levels, and
commonly accompanied by obvious clinical manifestation.!*!
Previous research has been demonstrated that hypothyroidism
associated with metabolic syndrome, cardiovascular mortality,
and disturbance in lipid metabolism.!!

The relationship between NAFLD and hypothyroidism was
studied more and more in recent years. Thyroid hormone (TH) is
secreted by thyroid gland which plays an important role in
regulating energy homeostasis, hepatic lipid metabolism, body
weight, and IR."?! It was demonstrated that decreased the
concentration of TH in serum may promote hyperlipidemia and
obesity, thus contributing to NAFLD.!"3! In addition, it was
reported that the prevalence of NAFLD is negatively correlated
with FT4 levels, and the reduction of FT4 levels contributes to the
occurrence of NAFLD.'"*! Furthermore, previous studies have
revealed that thyroid hormone receptor (THR) agonist reduced
hepatic steatosis.''*! However, the relationship between NAFLD
and hypothyroidism remain controversial. It has been demon-
strated that hypothyroidism was correlated with NAFLD while
conducted statistical analysis on the thyroid function and other
data of 4648 physical examination patients.!'®! Furthermore, it
has been demonstrated that subclinical hypothyroidism and low-
normal thyroid function were associated with NAFLD.!'”!
However, it was also reported that there was no correlation
between hypothyroidism and NAFLD with a statistical analysis
on the data of 832 volunteers.['8! Moreover, it was also found
that NAFLD was not associated with thyroid hormone levels and
hypothyroidism.!*?! In addition, clinical data supporting connec-
tion is incomplete, and the pathophysiology underlying the
association remains unclear. Therefore, a systematic review and
meta-analysis is needed to determine and better characterize the
proposed relationship between NAFLD and hypothyroidism.

2. Methods

2.1. Search strategy

The relevant published articles including PubMed and Embase
databases were used to identify until May 9, 2020. The following
keywords were used in searching: “hypothyroidism OR thyroid
dysfunction OR thyroid stimulating OR TSH” AND “nonalco-
holic fatty liver disease OR NAFLD OR nonalcoholic fatty liver
OR NAFL OR nonalcoholic steatohepatitis OR NASH OR fatty
liver.” Relevant articles were used to broaden the search scope,
and all retrieved studies, reviews, and conference abstracts were
retrieved by the computer. If multiple published studies describe
the same population, we extract only the most complete or recent
one. Two authors (XZ and BL) independently completed the
selection process and resolved the differences through discussion.

2.2. Selection criteria

The selection strategy used the following criteria: English
language studies; prospective or retrospective original studies
or cohort that explored the relationship between hypothyroidism
and NAFLD; to diagnose of NAFLD was based on standardized
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ultrasound examination or pathologic examination; biochemical
test was needed in diagnosis of hypothyroidism.

The exclusion criteria were adapted to exclude studies from
meta-analysis as following: non-English language studies;
reviews, case reports, editorials, letters to editors, congress
abstracts, commentaries, practice guidelines, meetings or confer-
ence records; insufficient data (e.g., <30 patients in the research);
the diagnosis of NAFLD is based only on studies of serum liver
enzyme levels or other NAFLD surrogate markers (e.g., using
fatty liver index); the diagnosis of hypothyroidism is wrong or
non-standardized collection; studying period beyond 10years.

2.3. Data extraction

Two authors (BL and YZ) abstracted the following data from the
included articles: first author, country, publication years, study
design, case number, diagnosis method, covariate adjustment,
definition of hypothyroidism, and Newcastle-Ottawa quality
assessment scale (NOS). Any disagreements were resolved by a
third investigator (XZ). The NOS was used to assess the quality
of the study.

2.4. Ethical statement

The meta-analysis was strictly followed the ethical approval that
referenced publication articles which related to human care,
handling, sampling, and administration procedures should be
approved by ethics committee.

3. Statistical analysis

All statistical analysis were performed using Ravman Manager
version 5.3 (Cochrane Collaboration, Oxford, UK) and Stata
Statistical Software version 15.1 (StataCorp LP, College Station,
TX). The magnitude of the effect of each study was calculated by
odds ratio (OR) and the mean difference (MD) of the 95%
confidence interval (CI) briefly. This meta-analysis used a

Records identified through
databases searching (n=806)
Pubmed: 439, Embase: 367

( 43 records were excluded by
L language and duplicate

7

79 studies were excluded in the
form of reviews, case reports,
editorials, letters to the editor, and
summaries of conference or

\ meeting proceedings

Articles screened by titles and
abtracts (n=684)

- 5
screening of title or abstract

I
371 records were excluded by the ]

.

Full text articles assessed for
eligibility (n=313)

296 records were excluded by
? studying period beyond 10 years or
insufficient data
Studies included in meta-
analysis (n=17)

Figure 1. Flow chart of the study selection process.




Zeng et al. Medicine (2021) 100:17

www.md-journal.com

Basic characteristics of included studies on the association between hypothyroidism and NAFLD.

Publication Case Diagnosis NOS

First author Country years Study design number method Covariate adjustment Definition of hypothyroidism

Assem?%) Egypt 2018 Cross-sectional 90 Ultrasound Age, sex, TPO-Ab, insulin resistance.  Clinical practice guidelines for 6
hypothyroidism in adults:
cosponsored by the American
Association of Clinical
Endocrinologists and the American
Thyroid Association.

Bano?" Netherlands 2016 Retrospective study 9419  Ultrasound Age, sex, follow-up time, use of Subclinical hypothyroidism (TSH>4.0 9
hypolipidemic drugs, miU/L and FT4 levels within the
cardiovascular. reference range), Overt

hypothyroidism (TSH > 4.0 mlU/L
and FT4 levels < 0.85ng/dL).

Chung!'® Korea 2012 Cross-sectional study 2324 Ultrasound Gender, Age, BMI, Waist Subclinical hypothyroidism (TSH>4.1 7
circumference, Triglyceride, SBP, mlU/L; normal FT4 concentration);

DBP, diabetes mellitus, Overt hypothyroidism: FT4 level <
hypertension 0.7ng/dL.

Ding!??! China 2015 Retrospective study 1815 Liver-biopsy Age, gender, HBeAg, serum thyroid Overt hypothyroidism (FT4 < 7.86 8
function test. pmol/L and TSH>5.30 mlUL).

Subclinical hypothyroidism (higher
TSH level with normal range of
FT4).

Escudgl?® Spain 2020 Cross-sectional, retrospective study 10116 Ultrasound Age, sex, height, weight, waist Subclinical hypothyroidism (TSH 8
circumference, BMI, hypertension, >4.94|U/mL and normal FT4
dyslipidemia, obesity. levels); clinical hypothyroidism

(high TSH and FT4 level <0.71U/
mb).

Eshraghian!™®  Iran 2013 Cross-sectional study 832 Ultrasound Age, sex, weight, height, BMI, waist  Subclinical hypothyroidism (TSH 9
circumference, hip circumference, >5.2mlU/L, normal FT4
waist-to-hip ratio. concentration); overt

hypothyroidism FT4 <11.5pmol/L
and TSH >5.2mlU/L).

Gokmen®?  Turkey 2015 Retrospective study 115 Ultrasound Insulin resistance, enlarged waist TSH >4.1 miU/L 7
circumference, elevated body
mass index, higher FT3/FT4 ratio,
hypertriglyceridemia.

Kaltenbach®®  Germany 2016 Prospective cross-sectional study 332 Ultrasound Age, gender, BMI-SDS. Subclinical hypothyroidism (TSH> 7

4 pU/mL, normal thyroxine).

Kassem!®®! Egypt 2017 Prospective cross-sectional study 60 Ultrasound Age, gender. Reference value (TSH between 0.27 6
and 4.21U/mL, FT3 between 2.57
and 4.43pg/mL, FT4 between
0.93 and 1.71ng/mL).

Kimt?”! Korea 2017 Retrospective study 425 Ultrasonography  Age, sex, BMI, waist circumference, Subclinical hypothyroidism (TSH>4.5 9

diabetes, hypertension, smoking. miU/L, with @ normal thyroid
hormone T4 level between 0.7
and 1.8ng/dL).

Leg®8 Korea 2015 Retrospective study 18544 Ultrasound Sex, age, BMI, TGs, HDL Subclinical hypothyroidism (TSH>4.2 8
miU/L, normal FT4); overt
hypothyroidism (TSH > 4.2 mlU/L,

FT4 <10.97 ng/dL).
Ludwig[zgl Germany 2015 Retrospective study 2445  Ultrasound Gender, BMI, WHR, metabolic TSH >3.41U/mL, TT4 between 12.8 7
syndrome, diabetes mellitus. and 20.4 pmol/L, TT3 between
3.9 and 6.7 pmol/L.

Pacificol®” Italy 2017 Retrospective study 402 Ultrasound Age, gender, pubertal status, BMI- Subclinical hypothyroidism (TSH> 4.1 9

SDS. mlU/L with normal FT4); overt
hypothyroidism (TSH> 4.1 miU/L
with FT4 < 0.7 ng/dL)

Pagadala®®" American 2011 Retrospective case-control study 676 Histological Gender, BMI, ethnicity, diabetes, Hypothyroidism (TSH > 4.81U/mL) 8
HTN, hyperlipidemia.

Parikh(®?! India 2015 Retrospective study 800  Ultrasound Gender, BMI. Subclinical hypothyroidism (TSH>55 8
IU/mL but <10IU/mL); overt
hypothyroidism (TSH> 101U/mL).

Tahara’®® Japan 2019 Cross-sectional study 2134 Ultrasonography  BMI, triglyceride, high-density Subclinical hypothyroidism (TSH> 8
lipoprotein-cholesterol, 4.00 wU/L with an FT4 level
hypertension, diabetes. between 0.90 and 1.80ng/dL).

Xl China 2011 Case-control study 878  Ultrasound Age, gender, metabolic syndrome Subcinical hypothyroidism (TSH>5.5 8

status, smoking status, BMI, WG,
SBP, DBP, TC,TG, HDL-C.

IU/mL or <0.51U/mL FT4 >14.41
pmol/L or <7.85pmol/L).

BMI=body mass index, FT3 =free triiodothyronine, FT4 =free thyroxine 4, MD =mean difference, NAFLD = non-alcoholic fatty liver disease, NOS =Newcastle-Ottawa quality assessment scale, TSH=thyroid

stimulating hormone.

combined OR and the MD of 95% CI method to assess the  neity was quantified using the O-test and the I* statistic. When
strength of the association between NAFLD and the risk of  P>.1and I> < 50%, a fixed-effect model was applied; otherwise,
hypothyroidism. A P value of <.05 was considered statistically ~ a random-effects model was used. The possibility of publication
significant unless otherwise specified. In addition, the heteroge-  bias was evaluated using the funnel plot.
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Study %
ID OR (95% Cl) Weight
Bano 2016 . = 1.24 (1.01,1.53) 65.89
Chung 2012 -, 1.71(1.10,266) 7.32
Escude 2020 - 0.75(0.39, 1.44) 16.16
Kim 2017 —r— 1.61(1.04,250) 8.36
Pagadala 2011 2.10(1.10,3.90) 2.27
Parikh 2015 H 14.94 (3.50, 62.60) 0.01
Overall (I-squared = 37.5%,p=0 156)<> 1.25(1.04, 1.46) 100.00
T T T

Figure 2. Forest plots of the relationship between hypothyroidism and NAFLD. NAFLD =non-alcoholic fatty liver disease.

4. Results

After searching, a total of 806 studies were initially considered for
inclusion in the meta-analysis. Forty three records were excluded
by language and duplicate; 79 studies were excluded in the form
of reviews, case reports, editorials, letters to the editor, and
summaries of conference or meeting proceedings; 371 records
were excluded by the screening of title or abstract; 296 records
were excluded by studying period beyond 10years or insufficient
data. After a full review, a total of 17 studies which met our
selection criteria were finally included in meta-analysis. The
selection flowchart of research is presented in Fig. 1. The basic
characteristics of the studies were included in Table 1. There is no
significant asymmetry of Begg funnel plot exist in all the risk
factor analyses.

4.1. Prevalence of NAFLD and variables in hypothyroidism

The prevalence of NAFLD was clinicopathological variable in
different study, ranging from 21.67% to 66.67%. Overall,
NAFLD was confirmed among 14,514 patients of totally 51,407
hypothyroidism patients in this systematic review and meta-
analysis. In addition, a fix-effects model was applied in the
analysis involving NAFLD and hypothyroidism (I*=37.5%). It
was indicated that hypothyroidism was significantly related to
NAFLD in patients (OR=1.25, 95% CI=1.04-1.46, P=.156)
(Fig. 2).

4.2. Risk factors for NAFLD in hypothyroidism patients
4.2.1. TSH. A random-effects model and input continuous data

were selected using inverse variance method to calculated (I*=
75.8%). The results indicated that a significant association was
existed between TSH (the concentration of TSH levels increased)
and NAFLD in hypothyroidism patients (OR=1.23, 95% CI=
1.07-1.39, P=.0001) (Table 2, Fig. 3).

4.2.2. Age. A random-effects model and input continuous data
were selected using inverse variance method to calculated
(P <.00001, I*=97%). Eight included studies were investigated
for the relationship between age and NAFLD in hypothyroidism
patients. It was revealed that age (old age) exhibited a high ratio
of NAFLD in hypothyroidism patients (OR=3.18, 95% CI=
1.57-4.78, P=.0001) (Fig. 4).

4.2.3. BMI. A random-effects model was utilized to analyze the
data (I*=98%). It was demonstrated that the increased of BMI
was significantly related to NAFLD in hypothyroidism patients
(MD=3.39, 95% CI=2.79-3.99, P<.000001) (Fig. 5).

4.2.4. FT3. A random-effects model was utilized to analyze the
data (I’=82%). Six included studies were evaluated for the
relationship between free triiodothyronine (FT3) and NAFLD in
hypothyroidism patients. It was revealed that FT3 was not
associated with NAFLD in hypothyroidism patients (MD=0.29,
95% CI=0.11-0.31, P=.28) (Fig. 6).

4.2.5. FT4. Seven studies were analyzed for the correlation
between FT4 and NAFLD in hypothyroidism patients. A
random-effects model was used to analyze the data (I*=96%).

Risk factors for NAFLD in hypothyroidism patients.

Risk factor OR/MD 95% Cl P value
TSH OR=1.23 1.07-1.39 .0001
Age MD=3.18 1.57-4.78 .0001
BMI MD=3.39 2.79-3.99 <.000001
FT13 MD=0.11 -0.09-0.31 29

FT4 MD=-0.28 -0.53--0.03 .03

BMI=hody mass index, Cl=confidence interval, FT3 =free triiodothyronine, FT4 =free thyroxine 4,
MD=mean difference, NAFLD = non-alcoholic fatty liver disease, OR=odds ratio.
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Study %
ID OR (95% Cl)  Weight
Bano 2016 ! 1.09 (1.01, 1.19) 25.62
Chung 2012 4—0—— 1.40(1.14,1.73) 14.35
Ding 2015 ——— 1.54 (1.05, 2.27) 5.54
Kaltenbach 2016 , * > 2.70 (1.14, 6.39) 0.37
Kim 2017 -—-0-— 1.86 (1.24,2.79)3.71
Ludwig 2015 - 0.99 (0.95, 1.04) 27.27
Pacifico 2013 + 2.10(1.22,3.60) 1.71
Pagadala 2011 : B 3 3.10 (1.80, 4.80) 1.10
Tahara 2019 = 1.20 (1.03, 1.40) 20.33
Overall (I-squared = 758%, p = 0.000@ 1.23 (1.07, 1.39) 100.00
NOTE: Weights are from] random effects 'hnalysis
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Figure 3. Forest plots of the association between TSH and NAFLD in hypothyroidism patients. NAFLD =non-alcoholic fatty liver disease, TSH =thyroid stimulating

hormone.
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Escude 2020 61 10 6790 60 10 3326 147%  1.00(0.59,1.41)
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Figure 4. Forest plots of the association between age and NAFLD in hypothyroidism patients. NAFLD =non-alcoholic fatty liver disease.
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Figure 5. Forest plots of the association between BMI and NAFLD in hypothyroidism patients. BMI=body mass index, NAFLD =non-alcoholic fatty liver disease.
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NAFLD with hypothyroidism NAFLD without hypothyroidism
—Study or Subaroup Mean SD Total Mean D otal
Assem 2020 1.82 0.52 60 1.72 0.36 30
Ding 2015 443 1.23 270 4.26 0.93 884
Eshraghian 2013 409 1.64 127 38 0.73 705
Gokmen 2016 27.01 23 33 19.04 79 Fal
Kassem 2017 312 089 24 334 0.32 60
Xu 2011 46 0.44 227 458 0.49 651
Total (95% CI) ILs 2351
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Figure 6. Forest plots of the association between FT3 and NAFLD in hypothyroidism patients. FT3 =free triiodothyronine, NAFLD =non-alcoholic fatty liver disease.

It was demonstrated that NAFLD was significantly negatively
related to a low concentration of FT4 levels in hypothyroidism
patients (MD=-0.28, 95% CI=-0.53 to -0.03, P=.03) (Fig. 7).

5. Discussion

Hypothyroidism is a common disease of the endocrine system
that affects lifelong health due to insufficiency of thyroid
secretion caused thyroid dysfunction.®®! NAFLD represents
fatty infiltration of the liver without excessive alcohol consump-
tion.*®! Previous studies has demonstrated that hypothyroidism
(including subclinical hypothyroidism and overt hypothyroid-
ism) is a independent significant risk factor and may leading to
MetS for NAFLD.B”! It is revealed that hypothyroidism may
directly result in NAFLD irrespective of other metabolic risk
factors.**3%! In addition, it was also showed that there was no
significant correlation between NAFLD and subclinical, overt, or
overall hypothyroidism, and there was no significant difference in
TH level between participants with and without NAFLD."*! Base
on different research have contrary conclusion, whether
hypothyroidism is related to NAFLD is necessary to study
deeply. Therefore, the purpose of the present meta-analysis was
providing the most comprehensive and updated assessment of the
relationship between NAFLD with hypothyroidism. It was
showed that the association between the pathogenesis of NAFLD
and hypothyroidism was significant involving 17 articles with a
total of 14,514 patients. These finding suggested that an
association between hypothyroidism and NAFLD.

TSH changes in hypothyroidism include increased secretion,
slowed degradation, and diminished or absent TSH circadian
rhythms which has proved that an important factor for
hypothyroidism.*! It was reported that hypothyroidism was
related to NAFLD in a dose-dependent manner as in the range of

upper TSH levels.”** Furthermore, previous research has been
demonstrated that serum TSH levels was markedly affected in
NAFLD patients in the general population, even those within the
reference range. According to our analysis data, hypothyroidism
patients with relatively high TSH levels was in risk of developing
NAFLD (OR=1.23, P=.0001). Our finding was consistent with
previous report.

Age is considered to be a major prognostic factor for risk of
NAFLD in patients with hypothyroidism. Previous studies
demonstrated that old age was related to the increased risk of
in NAFLD patients.*! In addition, it was reported that the
relationship between hypothyroidism and the lipid profile, which
is substantially influenced by age, especially in patients with mild
thyroid impairment (TSH < 10 mIU/L).1*?! However, lipid profile
is closely related to NAFLD that occur in patients related to age.
Therefore, it’s necessary to found out the relationship between
age and hypothyroidism in NAFLD patients. In the present meta-
analysis, it was revealed that the patients with old age for
hypothyroidism may have the increased risk of NAFLD in clinical
practice (MD=3.18, P=.0001).

Body mass index (BMI) is considered to be the most useful
predictive factor for the onset of NAFLD which means a poorer
prognosis ultimately.[*?! It was also demonstrated that BMI is
associated with dysfunction of thyroid function especially
hypothyroidism."** Furthermore, positive relationship have been
reported between FT3/FT4 ratio and BMI in patients with obesity
among NAFLD patients.*’! Based on our analysis data, the risk
of NAFLD was related to BMI in hypothyroidism patients (MD =
3.39, P<.000001) which is analogous with previous research.

Six studies were analyzed in the meta-analysis for the
correlation between FT3 and NAFLD in hypothyroidism
patients. It was observed that there is no significant relationship
of free triiodothyronine (FT3) concentrations with NAFLD. ¢!

NAFLD with hypothyr oidisim NAFLD without hypothyroidism Mean Difference Mean Difference
—Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI V. Random, 95% CI
Assemn 2020 1.04 0.19 60 1.09 0.26 30 163% -0.05]0.15,0.085)
Ding 2015 12.69 284 270 13.06 2.86 884 120% -0.370.76,0.02)
Eshraghian 2013 15.84 276 127 16.51 563 705 81% -0.67[-1.30,-0.04)
Gokmen 2016 259 037 25 276 0.35 36 154% -0.170.35,0.01)
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Total (95% CI) 803 2436 100.0% -0.28 [-0.53, -0.03]
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Test for overall effect Z= 219 (P=0.03)
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Figure 7. Forest plots of the association between FT4 and NAFLD in hypothyroidism patients. FT4 =free thyroxine 4, NAFLD =non-alcoholic fatty liver disease.
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On the other hand, the decreased concentration of FT3
symbolized hypothyroidism symptom for patients in clinical.!*”!
In our meta-analysis, it was found that FT3 has no association
with NAFLD in hypothyroidism patients (MD=0.11, P=.29).

Among the clinical and pathological features that can be
evaluated, FT4 is an important factor for NAFLD in hypothy-
roidism patients. It was demonstrated that the prevalence of
NAFLD was negatively correlated with the level of FT4, and the
decrease of FT4 was helpful to the occurrence of NAFLD,™8!
Furthermore, the decreased in FT4 concentration also marks the
symptoms of hypothyroidism in newly diagnosed patients.!*!
Our finding indicated that decreased the concentration of FT4
was relatively higher risk of developing NAFLD in hypothyroid-
ism patients (MD=-0.28, P=.03). Besides, the FT3/FT4 ratio
can be used as an indicator of peripheral deiodinase activity
which related to hypothyroidism. It was reported that the
increased conversion of FT4 to FT3 is a compensatory
mechanism for fat accumulation to increase energy expenditure
association with increased deiodinase activity which was related
to NAFLD.""!

The latest meta-analysis which only including 3 studies showed
that hypothyroidism was not independently associated with the
risk of NAFLD in the median § years.”! This finding may be
caused by the small number of included studies. A total of 17
studies were included to discuss the relationship between
hypothyroidism and NAFLD. The number of included studies
was more than before, and according to the NOS evaluation
criteria, the scores of the included studies were 6 to 9 with high
quality. Therefore, the results were highly reliable. In addition,
because the time relationship between liver and thyroid disease is
not clear, the causal relationship between hypothyroidism and
NAFLD is not yet fully established.

There still exist some limitations in the present meta-analysis.
Firstly, the heterogeneity is significant in some studies. We
attempted to explore the heterogeneity between studies through a
random effects model to give a more conservative effect estimate.
Secondly, criteria of diagnosis cannot reach uniformity. Due to
liver biopsy is not feasible in the general population, some non-
standardization methods such as ultrasound, computed tomog-
raphy, magnetic resonance imaging, and spectroscopy are
commonly used to diagnose NAFLD. Thirdly, only 17 studies
and recent 10years studies were included for investigating the
relationship between NAFLD and hypothyroidism. In future
studies, large-scale and long-term randomized controlled trials
should be conducted in different populations to provide more
important evidence. Fourthly, although some confounding
factors were considered and excluded, some lifestyle differences
may also affected the final results. Fifthly, the meta-analysis only
used a combination of OR and MD with 95% CI to assess the
strength of the association between NAFLD and the risk of
hypothyroidism. However, in statistical analysis method, RR
(risk ratio) and HR (risk ratio) were still be used to evaluate the
correlation. A variety of statistical methods can be used in the
future research. Sixthly, only Revman 5.3 and Stata 15.1
softwares were used in the meta-analysis, more software such as
Meta analyst, MIX, Meta-DiSc, Metawin, and R should be used
for different types of meta-analysis in the future.

6. Conclusion

It was revealed that the major findings as following: hypothy-
roidism was positively associated with the risk of NAFLD. The

www.md-journal.com

elevated TSH levels maybe a risk factor which independently
associated with NAFLD. The BMI of NAFLD patients was
significantly higher than that of non-NAFLD patients. Old age
was significantly associated with the incidence of NAFLD. FT4
was significantly associated with the risk of NAFLD while FT3
was not significantly related to the risk of NAFLD. Taken
together, the present meta-analysis provides strong evidence that
hypothyroidism may play an important role in the progression
and the development of NAFLD.
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