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ABSTRACT

Background Variations in thyroid function may affect the occurrence and progres-
sion of liver, pulmonary and myocardial fibrosis. However, evidence is fragmented
and inconclusive.

Objective We aimed to systematically appraise the evidence regarding the role of
thyroid function on fibrosis of the liver, lung, and heart.

Data Sources Pubmed Publisher, Web-of-Science, Embase and Medline Ovid were
searched for studies published from inception to 12.07.2018.

Study Selection Two independent reviewers evaluated and selected observational
studies that investigated the association of thyroid function with fibrosis of the liver,
lung or heart, in humans.

Data Extraction and Synthesis Data were extracted independently by two review-
ers, with disagreement resolved by consensus. PRISMA guidelines were followed.
Study quality and risk of bias were evaluated based on the Newcastle-Ottawa Qual-
ity Assessment Scale.

Main Outcomes and Measures Fibrotic diseases of the liver, lung and heart, evalu-

ated via noninvasive or invasive measures.

Results After screening 1764 titles and abstracts, we identified 10 studies meeting
the inclusion criteria. Of the included studies, 6 studies reported on liver fibrosis,
2 on pulmonary fibrosis, and 2 on myocardial fibrosis. The population sample size
ranged from 53 to 4761 subjects. The median mean age was 54 years (range, 36-69),
and the median percentage of women was 48 (range, 17-100). The general quality
of the data was moderate. Overall, low thyroid function was associated with an
increased risk of fibrosis of the liver, lung, and heart. Compared with euthyroid-
ism, hypothyroidism was associated with a higher risk of liver fibrosis (n=2 studies),
pulmonary fibrosis (n=2 studies), and myocardial fibrosis (n=1 study). The results
were not combined in a quantitative meta-analysis, due to the heterogeneity in
the population characteristics, differences in methodology, or differences in fibrotic
outcomes of the included studies.
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Conclusions and Relevance This systematic review suggests that low thyroid func-
tion is associated with an increased risk of chronic fibrotic diseases of the liver, lung,
and heart. The evidence, however, is mainly based on cross-sectional data. There-
fore, future prospective studies are needed to investigate the long-term effects of
thyroid hormones on the occurrence and progression of fibrosis.

INTRODUCTION

Various chronic diseases, including liver cirrhosis, idiopathic pulmonary fibrosis and
hypertrophic cardiomyopathy, are characterized by fibrosis." The development of
fibrosis is attributable to the accumulation of extracellular matrix proteins such as
collagen and fibronectin.? Fibrotic elements progressively remodel and destroy the
normal tissue architecture, ultimately resulting in organ failure. Hence, nonalco-
holic steatohepatitis can progress to decompensated cirrhosis;*> pulmonary fibrosis
contributes to a decline in the lung function;* whereas myocardial fibrosis leads to
ventricular diastolic dysfunction.’

Current research is focused on the identification of novel determinants of fibro-
sis, which could be further translated into the development of effective antifibrotic
drugs.®® Among other factors, hypothyroidism has been implicated in the aetiology
of fibrosis. Pronounced hypothyroidism is typically characterized by an increased
production of mucopolysaccharides, resulting in interstitial fibrosis and extracellular
water retention, also known as myxedema. Yet, the exact role of thyroid hormones
on the development of fibrosis remains controversial. Many animal studies have
reported profibrotic effects of hypothyroidism.*" Additionally, beneficial effects
of thyroid hormone supplementation have been reported on the disease course
of the liver,’"® lung,” or heart®®? fibrosis. In contrast, other animal studies have

%425 and have

observed an attenuation of fibrosis in experimental hypothyroidism,
shown profibrotic effects of thyroid hormone administration.*3° Similar to these
animal studies, the results of epidemiological studies are also inconsistent. Some
studies report an association of thyroid function with certain fibrotic processes,®"*
whereas others report no association.®

To date, there is a critical lack of literature synthesis concerning the impact of
thyroid function on the occurrence and progression of fibrosis. In this context, the
present review aims to summarize the current observational evidence regarding the

association of thyroid function with fibrosis of the liver, lung and heart in humans.
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METHODS
Data sources and search strategy

This systematic review was conducted in accordance with the PRISMA guidelines
for transparent reporting.? The checklist is provided in Appendix 1. Four electronic
databases, including Pubmed Publisher, Web-of-Science, Embase and Medline Ovid,
were searched from inception to 12.07.2018, with the help of librarians. The com-
puter-based searches combined terms related to thyroid function and fibrosis of the
liver, heart, or lung. An outline of the step-wise inclusion and exclusion procedure is
shown in Figure 1. Details of the search strategy are provided in Appendix 2.

Figure 1. Flowchart for study inclusion, adapted from the PRISMA statement.

Records identified through
database searching (n=3220)

Records after duplicates
removed (n=1764)

f h Records excluded based on )
Records screened (n=1764) > title and abstract
(n=1734)
. J J
l Full text articles excluded\
e ~
Full text articles assessed (n=20)
for eligibility (n=30) > _Reviews (n=10)
L ) -Not relevant to the

research question (n=10) W,

v
e N

Studies selected (n=10)

G J

Example of electronic search strategy (EMBASE): ((exp thyroid gland/ or exp thy-
roid disease/ or exp thyroxine/ or exp thyroid function/ or thyroid hormone/ or
thyrotropin/ or thyroxine/ or exp thyroid hormone blood level/ or exp thyroid gland
examination/) or (thyroid* or hyperthyro* or hypothyro* or free thyroxine or Graves
or thyrotropin or thyroxin or deiodinase or hashimoto or triiodothyronine or thyro-
nine* or myxedema or thyrotoxicosis or hyperthyroxinemia).ab,ti. ) and ((fibrotic or
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fibrosis or nonalcoholic steatohepatitis or fibroblast).ab,ti. or (exp fibrosing alveoli-
tis/ or exp fibrosing interstitial pneumonia/ or exp heart muscle fibrosis/ or exp liver
fibrosis/ or exp lung fibrosis/)) and ((heart or cardiac or endocardium or myocardium
or pericardium or lung or pulmonary or liver or hepatic or cardiovascular).ab,ti.)

Study selection

The titles and abstracts of the citations were screened for: (i) Observational studies
(ii) that investigated the role of thyroid function on fibrosis of the liver, lung, or
heart, in humans; (iii) reporting effect estimates with 95% confidence intervals, or
mean differences with standard deviations (P values), or prevalence differences (P
values). Case-reports, letters to the editor, proceedings, reviews, systematic reviews,
meta-analyses, and animal studies were excluded. There were no restrictions on
publication year or language. Two independent reviewers screened the titles and
abstracts, and selected the eligible studies. Any disagreement regarding inclusion
was resolved through consensus. Full texts and reference lists of the selected articles
were hand searched to identify additional studies.

A predesigned data collection form was used to extract relevant information
from the selected studies, including article source, sample size, demographics of
study participants, methods of assessing thyroid function and fibrosis, study results
and conclusions. The results were not combined in a quantitative meta-analysis,
due to the heterogeneity in the population characteristics, differences in methodol-
ogy, or differences in fibrotic outcomes of the included studies. The quality of the
included studies was assessed by using the Newcastle-Ottawa Scale (NOS) for non-
randomized studies in meta-analyses (Appendix 3).*® The quality of cross-sectional
studies was assessed by using an adapted NOS scale (Appendix 4). The NOS scale
evaluates the study quality based on 3 domains, namely selection of participants,
comparability of study groups, and ascertainment of the outcomes of interest. Each
study could have a maximum of 9 stars.

RESULTS
Literature search

The results of the search strategy are presented in Figure 1. After excluding du-
plicates, we identified 1764 relevant citations. The citations were screened based
on the abovementioned predefined selection criteria. As a result, 30 potentially
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relevant articles were identified. After examining the full text of these articles, 10

eligible studies were selected.3'333642

Thyroid function and fibrosis of the liver, lung and heart

Table 1A summarizes the main characteristics of the 10 included studies reporting on
the association of thyroid function with fibrosis. The population sample size ranged
from 53 to 4762 subjects (Table 1A). The median mean age was 54 years (range,
36-69), and the median percentage of women was 48 (range, 17-100) (Table 1A). Of

the 10 included studies, 5 studies were performed in the United States,*3637:3940 3

32,41,42

in Asia, and 2 in Europe (Table 1A).2"* All the studies recruited patients from

hospital units, except for one study which was performed in a population-based

33,42

cohort (Table 1A).% Though 2 studies reported unadjusted estimates, most of the

included studies controlled for potential confounders (Table 1A).3"323641

The included studies reported on blood measurements of thyroid function (TSH,
FT,, FT3),3"*33%4 overt hypothyroidism,?"36373%4042 gnd subclinical hypothyroidism.?"32
Several definitions of hypothyroidism were used. In 4 studies, the diagnosis of
hypothyroidism was based on a self-reported disease history and use of thyroid
hormone replacement therapy.***”*** Two studies diagnosed overt and subclinical
hypothyroidism based on the serum TSH and FT, measurements, after excluding the
thyroid medication users.?* In another study, overt hypothyroidism was caused by
chronic lymphocytic thyroiditis, in the absence of concomitant diseases or medical
treatments.*”

The outcomes were liver fibrosis, fibrotic pulmonary diseases, and myocardial

32,33,36-38 and one

fibrosis. Of the 6 studies assessing liver fibrosis, 5 used liver biopsy,
study used liver elastography.’' The fibrotic pulmonary diseases included IPF (idio-
pathic pulmonary fibrosis) (n=1 study)* and chronic hypersensitivity pneumonitis
(CHPP) (n=1 study).*® IPF was diagnosed based on lung biopsy or computed tomog-
raphy scan,” whereas the diagnosis of CHPP was based on the American Thoracic
Society criteria.*® Myocardial fibrosis was assessed by cardiac magnetic resonance
imaging, using measurements of myocardial longitudinal relaxation time (T1) map-

ping (n=1 study),*” or measurements of late gadolinium enhancement (n=1 study).”’

Liver fibrosis: We identified 6 studies investigating the association of overt hypothy-

) 31,36,37
’

roidism (n=3 studies subclinical hypothyroidism (n=2 studies),*"*? and thyroid

function measurements (TSH, FT,) (n=3 studies)®"**3®
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pothyroidism was associated with a higher risk of liver fibrosis than euthyroidism,
with odds ratios (ORs) ranging from 2.3 to 6.64.3"***” Subclinical hypothyroidism was
associated with a higher risk of liver fibrosis than euthyroidism, with ORs ranging
from 2.17 to 2.3.3"* Increasing TSH levels were associated with higher odds of liver
fibrosis (OR, 1.49 per 1 log TSH).*" In euthyroid subjects, results varied from a posi-

tive association® to no association®"*

of thyroid function with liver fibrosis.
Pulmonary fibrosis: Two case-control studies investigated the association of overt
hypothyroidism with fibrotic diseases of the lung, providing similar results.>** Overt
hypothyroidism was associated with a 2.39 and a 2.70 times higher risk of CHPP and
IPF, respectively (Table 1B).***

Myocardial fibrosis: Two studies investigated the association of hypothyroidism and
thyroid function measurements with myocardial fibrosis (Table 1A).*"** One of the
studies showed that hypothyroidism is associated with a higher degree of diffuse
fibrosis than euthyroidism (Table 2B).* The other study showed a negative linear
association between FT; levels and the risk of myocardial fibrosis among patients
with idiopathic dilated cardiomyopathy (Table 1B). TSH and FT, levels, on the other
hand, were not associated with myocardial fibrosis (Table 1B).*

Quality assessment

Study bias assessment scores are shown in Table 4. The general quality of the in-
cluded studies was moderate. 2 studies scored 7/9 stars, 4 studies scored 6/9 stars, 3
studies scored 5/9 stars, and 1 study scored 4/9 (Table 4).

DISCUSSION

This systematic review summarizes the current evidence regarding the role of thy-
roid function on fibrosis of the liver, lung and heart in humans. Of the 10 identified
studies, 6 reported on liver fibrosis, 2 on pulmonary fibrosis, and 2 on myocardial
fibrosis. The general quality of the data was moderate. Overall, low thyroid function
was associated with increased odds of liver fibrosis, pulmonary fibrosis, and myocar-
dial fibrosis. Results were consistent, despite the diversity of the study populations,
the different methodologies of the included studies and the different locations of

Erasmus University Rotterdam /6'24«.{\4;\9
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Table 2. Quality Assessment Scale

First author, year (Reference) Selection Comparability Exposure/Outcome Total
Liangpunsakul, 2003 3/4 2/2 13 6/9
Pagadala, 2012% 1/4 2/2 3/3 6/9
Carulli, 2013%* 2/4 2/2 3/3 7/9
Bano, 2016 3/4 2/2 2/3 7/9
Bril, 2016% 2/4 0/2 3/3 5/9
Kim, 2017 1/4 2/2 3/3 6/9
Oldham, 2015% 2/4 2/2 1/3 5/9
Adegunsoye, 2017% 1/4 2/2 2/3 5/9
Gao, 2016* 1/4 0/2 3/3 4/9
Wang, 2016"' 1/4 2/2 3/3 6/9

fibrosis. However, the number of identified studies and the amount of prospective
evidence were limited.

Hypothyroidism was consistently associated with an increased risk of fibrosis.
The magnitudes of the associations differed across studies, which may be partly
attributable to the different definitions of hypothyroidism used across studies. In

general, the studies that excluded the thyroid medication users®"*

reported larger
effect estimates compared with the studies that included hypothyroid patients
under thyroid medications.?**"3*%° |n the latter group, the levothyroxine treatment
may have reduced the risk of fibrosis, further resulting in an underestimation of the
observed associations. In addition, the different magnitudes of the associations can
be derived from the heterogeneity of fibrotic outcomes and the different popula-
tion characteristics across the included studies.

We identified several studies investigating the association of thyroid function
parameters with the risk of fibrosis.?"***®4*" Qverall, there was a trend towards a
positive association of circulating TSH levels with the risk of fibrosis.>"*® FT, levels,
on the other hand, tended to be negatively associated with the risk of fibrosis,
but not significantly.?"*' These results could be explained by the lack of sufficient
statistical power to detect an association between serum FT, levels and the risk of
fibrosis. Alternatively, it is also likely that the risk of fibrosis may be more sensitive
to fluctuations in serum TSH rather than FT, levels. Furthermore, we identified a
limited number of studies investigating the association between thyroid function
within the reference range and the risk of fibrosis. Results varied from a negative

31,33

association® to no association, and the inconsistencies are likely due to the insuf-
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Thyroid function and fibrosis = 11

ficient sample sizes. Future larger studies are therefore needed to clarify whether
the risk of fibrosis is affected by the fluctuations within the reference ranges of TSH
or thyroid hormone levels.

The extracellular matrix, which represents one of the targets of thyroid hormone
action, is a likely candidate to be involved in the pathways linking hypothyroidism
to fibrosis. Animal studies have shown that experimental hypothyroidism can lead
to fibrosis via upregulation of the collagen gene expression.''* Accordingly, the ad-
ministration of thyroid hormones is shown to reduce the collagen gene expression

1817 and myocardium.?®? Thyroid hormones enhance the matrix metal-

in the liver
loproteinase activity, further resulting in a collagen breakdown. Another factor that
may play a mediating role in the pathways linking hypothyroidism to fibrosis is the
transforming growth factor beta (TGF), which represents one of the most potent
fibrogenic cytokines.” Animal data have shown that thyroid hormones antagonize
hepatic and pulmonary fibrosis through inhibiting the TGFR/SMAD-dependent
transcriptional activation.’ Besides, the expression of deiodinases is likely altered in
fibrotic tissues. In humans, the fibrotic lung has been characterized by an increased
expression of DIO2 gene, which further increases the local conversion of T, to T5."%*
Moreover, research in animal models of experimental hypothyroidism has shown
that DIO2 plays a protective role against lung injury.* Overall, these data suggest
that the increased expression of DIO2 gene may represent a compensatory mecha-
nism which tends to improve the stressed environment of the fibrotic lung. Still, the
expression of DIO2 in other fibrotic organs, such as the heart, remain to be clarified.
Future studies may also examine the expression of deiodinases type 1 and type 3 in
fibrotic tissues.

To the best of our knowledge, this is the first systematic review which combines
the literature regarding the role of thyroid function on fibrosis of the liver, lung
and heart, in humans. In accordance with the NOS scale, we used strict criteria for
the quality assessment of the risk of bias. Most of the included studies adjusted for
potential confounders, including age and sex. Another strength is the consistency
of the results in the setting of diverse study populations. The wide range of ages
(mean age ranging from 36 to 69) and ethnicities of participants may increase the
generalizability of our conclusions.

Several limitations of this systematic review warrant consideration. The limited
number of identified studies illustrates the scarcity of evidence in this topic. Most
of the included studies were characterized by a cross-sectional design, which does

Erasmus University Rotterdam Zo\/uap
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not provide evidence with regard to the temporality of the associations. The large
heterogeneity across studies, including different definitions of thyroid dysfunction
and various measures of fibrotic outcomes, did not allow us to perform summary
statistics. Nevertheless, the results of the included studies were overall consistent.

Conclusions

This systematic review of human studies suggests that low thyroid function is associ-
ated with an increased risk of chronic fibrotic diseases of the liver, lung, and heart.
Results were consistent in the setting of diverse study populations. However, most
of the current evidence on this topic is based on cross-sectional data. In the future,
adequately powered studies are needed to prospectively investigate the long-term
effects of thyroid hormones on the occurrence and progression of fibrosis. Fur-
thermore, future interventional studies in humans are needed to explore whether
thyroid hormones or thyroid hormone analogues can prevent the progression of
fibrosis. These investigations could eventually lead to new avenues regarding the
development of therapies against fibrotic diseases. Lastly, future research is needed
to elucidate the exact underlying mechanisms linking low thyroid function to fibro-

sis.

Acknowledgements

We would like to thank Marian Rixham and Alex Inskip, from the Walton Library of
Newcastle University, for their assistance with the online literature search.

Funding

Arjola Bano was supported by an exchange fellowship from the European Thyroid
Association. The funding source had no role in the selection, critical appraisal, or

synthesis of evidence.

Erasmus University Rotterdam Za.{uu.g



Thyroid function and fibrosis = 13

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Wynn TA. Common and unique mechanisms regulate fibrosis in various fibroproliferative
diseases. The Journal of clinical investigation. 2007;117(3):524-529.

Wynn TA. Cellular and molecular mechanisms of fibrosis. The Journal of pathology. 2008;
214(2):199-210.

Rinella ME. Nonalcoholic fatty liver disease: a systematic review. Jama. 2015;313(22):2263-
2273.

Ryu JH, Moua T, Daniels CE, Hartman TE, Yi ES, Utz JP, Limper AH. Idiopathic pulmonary
fibrosis: evolving concepts. Mayo Clinic proceedings. 2014;89(8):1130-1142.

Conrad CH, Brooks WW, Hayes JA, Sen S, Robinson KG, Bing OH. Myocardial fibrosis and stiff-
ness with hypertrophy and heart failure in the spontaneously hypertensive rat. Circulation.
1995;91(1):161-170.

Wynn TA, Ramalingam TR. Mechanisms of fibrosis: therapeutic translation for fibrotic dis-
ease. Nature medicine. 2012;18(7):1028-1040.

Ghosh AK, Quaggin SE, Vaughan DE. Molecular basis of organ fibrosis: potential therapeutic
approaches. Experimental biology and medicine (Maywood, NJ). 2013;238(5):461-481.

Friedman SL, Sheppard D, Duffield JS, Violette S. Therapy for fibrotic diseases: nearing the
starting line. Science translational medicine. 2013;5(167):167sr161.

Rodriguez-Castelan J, Corona-Perez A, Nicolas-Toledo L, Martinez-Gomez M, Castelan F,
Cuevas-Romero E. Hypothyroidism Induces a Moderate Steatohepatitis Accompanied by
Liver Regeneration, Mast Cells Infiltration, and Changes in the Expression of the Farnesoid
X Receptor. Experimental and clinical endocrinology & diabetes : official journal, German
Society of Endocrinology [and] German Diabetes Association. 2017;125(3):183-190.

Dzhulay GS, Shchelochenkov SV, Petrova MB, Bibikova AA. Eksperimental’naia i klinicheskaia
gastroenterologiia. Experimental & clinical gastroenterology. 2016(2):35-39.

Chaikoff IL, Gillman T, et al. Cirrhosis and other hepatic lesions produced in dogs by thyroid-
ectomy and by combined hypophysectomy and thyroidectomy. The Journal of experimental
medicine. 1948;88(1):1-14.

Chen WJ, Lin KH, Lee YS. Molecular characterization of myocardial fibrosis during hypothy-
roidism: evidence for negative regulation of the pro-alpha1(l) collagen gene expression by
thyroid hormone receptor. Molecular and cellular endocrinology. 2000;162(1-2):45-55.

Klein LE, Sigel AV, Douglas JA, Eghbali-Webb M. Upregulation of collagen type | gene expres-
sion in the ventricular myocardium of thyroidectomized male and female rats. Journal of
molecular and cellular cardiology. 1996;28(1):33-42.

Drobnik J, Ciosek J, Slotwinska D, Stempniak B, Zukowska D, Marczynski A, Tosik D, Bartel H,
Dabrowski R, Szczepanowska A. Experimental hypothyroidism increases content of collagen
and glycosaminoglycans in the heart. Journal of physiology and pharmacology : an official
journal of the Polish Physiological Society. 2009;60(3):57-62.

Hajje G, Saliba Y, Itani T, Moubarak M, Aftimos G, Fares N. Hypothyroidism and its rapid
correction alter cardiac remodeling. PloS one. 2014;9(10):e109753.

Erasmus University Rotterdam 20\/»9\9



14 Erasmus Medical Center Rotterdam

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Lissoos TW, Beno DW, Davis BH. Posttranslational inhibition of Ito cell type I collagen produc-
tion by triiodothyronine. The American journal of physiology. 1993;264(6 Pt 1):G1090-1095.

Kucharz E, Olczyk K, Drozdz M, Wieczorek M. Influence of thyroid hormones and of methyl-
thiouracil upon collagen content in the liver of rats with hepatic fibrosis. Endocrinologie.
1986;24(1):21-25.

Alonso-Merino E, Martin Orozco R, Ruiz-Llorente L, Martinez-Iglesias OA, Velasco-Martin JP,
Montero-Pedrazuela A. Thyroid hormones inhibit TGF-beta signaling and attenuate fibrotic
responses. 2016;113(24):E3451-3460.

Yu G, Tzouvelekis A, Wang R, Herazo-Maya JD, Ibarra GH, Srivastava A, de Castro JPW, Deluliis
G, Ahangari F, Woolard T, et al. Thyroid hormone inhibits lung fibrosis in mice by improving
epithelial mitochondrial function. 2018;24(1):39-49.

Yao J, Eghbali M. Decreased collagen gene expression and absence of fibrosis in thyroid
hormone-induced myocardial hypertrophy. Response of cardiac fibroblasts to thyroid hor-
mone in vitro. Circulation research. 1992;71(4):831-839.

Yao J, Eghbali M. Decreased collagen mRNA and regression of cardiac fibrosis in the ventricu-
lar myocardium of the tight skin mouse following thyroid hormone treatment. Cardiovascu-
lar research. 1992;26(6):603-607.

Lee HW, Klein LE, Raser J, Eghbali-Webb M. An activator protein-1 (AP-1) response element
on pro alphai(l) collagen gene is necessary for thyroid hormone-induced inhibition of
promoter activity in cardiac fibroblasts. Journal of molecular and cellular cardiology. 1998;
30(11):2495-2506.

Nicolini G, Forini F, Kusmic C, Pitto L, Mariani L, lervasi G. Early and short-term triiodothyro-
nine supplementation prevents adverse post-ischemic cardiac remodeling: role of transform-
ing growth factor-beta1 and anti-fibrotic miRNA signaling. Molecular medicine (Cambridge,
Mass). 2015.

Oren R, Brill S, Dotan |, Halpern Z. Liver function in cirrhotic patients in the euthyroid versus
the hypothyroid state. Journal of clinical gastroenterology. 1998;27(4):339-341.

Bruck R, Weiss S, Traister A, Zvibel |, Aeed H, Halpern Z, Oren R. Induced hypothyroidism ac-
celerates the regression of liver fibrosis in rats. Journal of gastroenterology and hepatology.
2007;22(12):2189-2194.

Zvibel |, Atias D, Phillips A, Halpern Z, Oren R. Thyroid hormones induce activation of rat
hepatic stellate cells through increased expression of p75 neurotrophin receptor and direct
activation of Rho. Laboratory investigation; a journal of technical methods and pathology.
2010;90(5):674-684.

Gomaa AM, Abd El-Aziz EA. Omega-3 fatty acids decreases oxidative stress, tumor necrosis
factor-alpha, and interleukin-1 beta in hyperthyroidism-induced hepatic dysfunction rat
model. Pathophysiology : the official journal of the International Society for Pathophysiol-
ogy. 2016;23(4):295-301.

Weltman NY, Wang D, Redetzke RA, Gerdes AM. Longstanding hyperthyroidism is associated
with normal or enhanced intrinsic cardiomyocyte function despite decline in global cardiac
function. PloS one. 2012;7(10):e46655.

Erasmus University Rotterdam Za.{uu.g



29.

30.

31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Thyroid function and fibrosis = 15

Schuman ML, Peres Diaz LS, Landa MS, Toblli JE, Cao G, Alvarez AL, Finkielman S, Pirola CJ,
Garcia SI. Thyrotropin-releasing hormone overexpression induces structural changes of the
left ventricle in the normal rat heart. American journal of physiology Heart and circulatory
physiology. 2014;307(11):H1667-1674.

Levick S, Fenning A, Brown L. Increased calcium influx mediates increased cardiac stiffness in
hyperthyroid rats. Cell biochemistry and biophysics. 2005;43(1):53-60.

Bano A, Chaker L, Plompen EP, Hofman A, Dehghan A, Franco OH, Janssen HL, Darwish
Murad S, Peeters RP. Thyroid Function and the Risk of Nonalcoholic Fatty Liver Disease: The
Rotterdam Study. The Journal of clinical endocrinology and metabolism. 2016;101(8):3204-
3211.

Kim D, Kim W, Joo SK, Bae JM, Kim JH, Ahmed A. Subclinical Hypothyroidism and Low-
Normal Thyroid Function Are Associated With Nonalcoholic Steatohepatitis and Fibrosis.
Clinical gastroenterology and hepatology : the official clinical practice journal of the Ameri-
can Gastroenterological Association. 2018;16(1):123-131.e121.

Bril F, Kadiyala S, Portillo Sanchez P, Sunny NE, Biernacki D, Maximos M, Kalavalapalli S,
Lomonaco R, Suman A, Cusi K. Plasma thyroid hormone concentration is associated with he-
patic triglyceride content in patients with type 2 diabetes. Journal of investigative medicine
: the official publication of the American Federation for Clinical Research. 2016;64(1):63-68.
Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for systematic reviews
and meta-analyses: the PRISMA statement. PLoS medicine. 2009;6(7):e1000097.

Wells GA SB, O'Connell D, Peterson J, Welch V, Losos M, Tugwell P. The Newcastle-Ottawa
Scale (NOS) for assessing the quality of nonrandomised studies in meta-analyses 2014.
Liangpunsakul S, Chalasani N. Is hypothyroidism a risk factor for non-alcoholic steatohepati-
tis? Journal of clinical gastroenterology. 2003;37(4):340-343.

Pagadala MR, Zein CO, Dasarathy S, Yerian LM, Lopez R, McCullough AlJ. Prevalence of hy-
pothyroidism in nonalcoholic fatty liver disease. Digestive diseases and sciences. 2012;57(2):
528-534.

Carulli L, Ballestri S, Lonardo A, Lami F, Violi E, Losi L, Bonilauri L, Verrone AM, Odoardi
MR, Scaglioni F, et al. Is nonalcoholic steatohepatitis associated with a high-though-normal
thyroid stimulating hormone level and lower cholesterol levels? Internal and emergency
medicine. 2013;8(4):297-305.

Adegunsoye A, Oldham JM, Husain AN, Chen L, Hsu S, Montner S, Chung JH, Vij R, Noth |,
Strek ME. Autoimmune Hypothyroidism As a Predictor of Mortality in Chronic Hypersensitiv-
ity Pneumonitis. Frontiers in medicine. 2017;4:170.

Oldham JM, Kumar D, Lee C, Patel SB, Takahashi-Manns S, Demchuk C, Strek ME, Noth I. Thy-
roid Disease Is Prevalent and Predicts Survival in Patients With Idiopathic Pulmonary Fibrosis.
Chest. 2015;148(3):692-700.

Wang W, Guan H, Fang W, Zhang K, Gerdes AM, lervasi G, Tang YD. Free Triiodothyronine
Level Correlates with Myocardial Injury and Prognosis in Idiopathic Dilated Cardiomyopathy:
Evidence from Cardiac MRI and SPECT/PET Imaging. Scientific reports. 2016;6:39811.

Erasmus University Rotterdam 20\/»9\9



16 Erasmus Medical Center Rotterdam

42.

43.

44,

45.

Gao X, Liu M, Qu A, Chen Z, Jia Y, Yang N, Feng X, Liu J, Xu Y, Yang X, et al. Native Magnetic
Resonance T1-Mapping Identifies Diffuse Myocardial Injury in Hypothyroidism. PloS one.
2016;11(3):e0151266.

Yue Y, Meng K, Pu Y, Zhang X. Transforming growth factor beta (TGF-beta) mediates cardiac
fibrosis and induces diabetic cardiomyopathy. Diabetes research and clinical practice. 2017;
133:124-130.

Bridges RS, Kass D, Loh K, Glackin C, Borczuk AC, Greenberg S. Gene expression profiling
of pulmonary fibrosis identifies Twist1 as an antiapoptotic molecular “rectifier” of growth
factor signaling. The American journal of pathology. 2009;175(6):2351-2361.

Barca-Mayo O, Liao XH, DiCosmo C, Dumitrescu A, Moreno-Vinasco L, Wade MS, Sammani S,
Mirzapoiazova T, Garcia JG, Refetoff S, et al. Role of type 2 deiodinase in response to acute
lung injury (ALI) in mice. Proceedings of the National Academy of Sciences of the United
States of America. 2011;108(49):E1321-1329.

Erasmus University Rotterdam Za.{uu.g



Thyroid function and fibrosis

SUPPLEMENTAL MATERIAL

Appendix 1. PRISMA 2009 checklist.
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Section/Topic Checklist item Page

Title

Title 1 Identify the report as a systematic review, meta-analysis, or both. 54

Abstract

Structured 2 Provide a structured summary including, as applicable: background; 55-56

summary objectives; data sources; study eligibility criteria, participants,
and interventions; study appraisal and synthesis methods; results;
limitations; conclusions and implications of key findings; systematic
review registration number.

Introduction

Rationale 3 Describe the rationale for the review in the context of what is already 57
known.

Objectives 4 Provide an explicit statement of questions being addressed with 57
reference to participants, interventions, comparisons, outcomes, and
study design (PICOS).

Methods

Protocol and 5 Indicate if a review protocol exists, if and where it can be accessed X

registration (eg, Web address), and, if available, provide registration information
including registration number.

Eligibility criteria 6 Specify study characteristics (eg, PICOS, length of follow-up) and 59
report characteristics (eg, years considered, language, publication
status) used as criteria for eligibility, giving rationale.

Information 7 Describe all information sources (eg, databases with dates of coverage, 58

sources contact with study authors to identify additional studies) in the search
and date last searched.

Search 8 Present full electronic search strategy for at least one database, 58-59
including any limits used, such that it could be repeated.

Study selection 9 State the process for selecting studies (ie, screening, eligibility, 59
included in systematic review, and, if applicable, included in the meta-
analysis).

Data collection 10 Describe method of data extraction from reports (eg, piloted forms, 59

process independently, in duplicate) and any processes for obtaining and
confirming data from investigators.

Data items 11 List and define all variables for which data were sought (eg, PICOS, 58, Appendix
funding sources) and any assumptions and simplifications made. 2

Risk of bias 12 Describe methods used for assessing risk of bias of individual studies 58-59,

in individual (including specification of whether this was done at the study or Appendix 3,

studies outcome level), and how this information is to be used in any data Appendix 4
synthesis.

Summary 13 State the principal summary measures (eg, risk ratio, difference in X

measures means).

Synthesis of 14 Describe the methods of handling data and combining results of X

results
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Appendix 1. PRISMA 2009 checklist. (continued)

Section/Topic Checklist item Page
Methods
Risk of bias 15 Specify any assessment of risk of bias that may affect the cumulative X
across studies evidence (eg, publication bias, selective reporting within studies).
Additional 16 Describe methods of additional analyses (eg, sensitivity or subgroup X
analyses analyses, meta-regression), if done, indicating which were pre-
specified.
Results
Study selection 17 Give numbers of studies screened, assessed for eligibility, and included 59, Figure 1

in the review, with reasons for exclusions at each stage, ideally with a
flow diagram.

Study 18 For each study, present characteristics for which data were extracted 58, Table 1A
characteristics (eg, study size, PICOS, follow-up period) and provide the citations.
Risk of bias 19 Present data on risk of bias of each study and, if available, any 60, Table 2
within studies outcome level assessment (see item 12).
Results of 20 For all outcomes considered (benefits or harms), present, for each Table 1B
individual study: (a) simple summary data for each intervention group (b) effect
studies estimates and confidence intervals, ideally with a forest plot.
Synthesis of 21 Present results of each meta-analysis done, including confidence X
results intervals and measures of consistency.
Risk of bias 22 Present results of any assessment of risk of bias across studies (see Item x
across studies 15).
Additional 23 Give results of additional analyses, if done (eg, sensitivity or subgroup  x
analysis analyses, meta-regression [see Item 16]).
Discussion
Summary of 24 Summarize the main findings including the strength of evidence 62
evidence for each main outcome; consider their relevance to key groups (eg,
healthcare providers, users, and policy makers).
Limitations 25 Discuss limitations at study and outcome level (eg, risk of bias), and at  64-65
review-level (eg, incomplete retrieval of identified research, reporting
bias).
Conclusions 26 Provide a general interpretation of the results in the context of other  65-66
evidence, and implications for future research.
Funding
Funding 27 Describe sources of funding for the systematic review and other 66

support (eg, supply of data); role of funders for the systematic review.

Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Re-
views and Meta-Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed 1000097
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Appendix 2. Supplemental information on Search strategy

Search in Pubmed

(((Thyroid*[Title/Abstract] or hyperthyro* [Title/Abstract] or hypothyro* [Title/Abstract] or thyronine* [Title/Ab-
stract] or Hashimoto[Title/Abstract] or thyroid-stimulating hormone [Title/Abstract] or “free thyroxine”[Title/Ab-
stract] or Graves|[Title/Abstract] or thyrotropin[Title/Abstract] or deiodinase[Title/Abstract] or triiodothyronine[Title/
Abstract] or myxedema [Title/Abstract] or thyrotoxicosis[Title/Abstract] or hyperthyroxinemia [Title/Abstract]))
AND (fibrosis[Title/Abstract] or fibrotic[Title/Abstract] or fibrosing[Title/Abstract] or fibroblast[Title/Abstract]
or “nonalcoholic steatohepatitis”[Title/Abstract])) AND (heart [Title/Abstract] or cardiac [Title/Abstract] or
cardiovascular[Title/Abstract] or lung [Title/Abstract] or pulmonary [Title/Abstract] or liver [Title/Abstract] or
hepatic[Title/Abstract] or endocardium [Title/Abstract] or myocardium [Title/Abstract] or pericardium[Title/Ab-
stract])

Search in Medline

((exp thyroid gland/ or hyperthyroxinemia/ or hyperthyroidism/ or hypothyroidism/ or thyroid function tests/ or
thyroxine/ or thyroid hormones/ or thyrotropin/ or thyroxine/) or (thyroid* or hyperthyro* or hypothyro* or free
thyroxine or thyroid-stimulating hormone or Graves or thyrotropin or thyroxin or deiodinase or Hashimoto or tri-
iodothyronine or thyronine* or myxedema or thyrotoxicosis or hyperthyroxinemia).ab,ti.) AND ((fibrotic or fibro-
sis or nonalcoholic steatohepatitis or fibrosing).ab,ti. or fibroblast.mp or fibrosis/ or exp pulmonary fibrosis/ or exp
endomyocardial fibrosis/ or idiopathic pulmonary fibrosis/) AND (heart or cardiac or endocardium or myocardium
or pericardium or lung or pulmonary or liver or hepatic or cardiovascular).ab, ti.

Search in Embase

((exp thyroid gland/ or exp thyroid disease/ or exp thyroxine/ or exp thyroid function/ or thyroid hormone/ or
thyrotropin/ or thyroxine/ or exp thyroid hormone blood level/ or exp thyroid gland examination/) or (thyroid*
or hyperthyro* or hypothyro* or free thyroxine or Graves or thyrotropin or thyroxin or deiodinase or Hashimoto
or triiodothyronine or thyronine* or myxedema or thyrotoxicosis or hyperthyroxinemia).ab,ti. ) AND ((fibrotic or
fibrosis or nonalcoholic steatohepatitis or fibroblast).ab,ti. or (exp fibrosing alveolitis/ or exp fibrosing interstitial
pneumonia/ or exp heart muscle fibrosis/ or exp liver fibrosis/ or exp lung fibrosis/)) AND ((heart or cardiac or
endocardium or myocardium or pericardium or lung or pulmonary or liver or hepatic or cardiovascular).ab,ti. )

Search in Web-of-Science

(TS=(thyroid* or hyperthyro* or hypothyro* or “free thyroxine” or thyroid-stimulating hormone or Graves or
thyrotropin or deiodinase or triiodothyronine or myxedema or thyrotoxicosis or hyperthyroxinemia or thyro-
nine* or Hashimoto)) AND (TS=(fibrosis or fibrotic or fibroblast or nonalcoholic steatohepatitis or fibrosing)) AND
(TS=(heart or cardiovascular or cardiac or endocardium or myocardium or pericardium or lung or pulmonary or
liver or hepatic))
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Appendix 3. Newcastle-Ottawa Quality Assessment Scale for case-control studies

Selection (max 4 stars)

1) Is the case definition adequate?
a. yes, with independent validation*
b. yes, eg, record linkage or based on self-reports
c. no description

2) Representativeness of the cases
a. consecutive or obviously representative series of cases*
b. potential for selection biases or not stated

3) Selection of controls
a. community controls*
b hospital controls
¢. no description

4) Definition of controls
a. no history of disease (end point)*
b. no description of source

Comparability (max 2 stars)

1) Comparability of cases and controls on the basis of the design or analysis
a. study controls for the most important factors*
b. study controls for any additional factor**

Exposure (max 3 stars)
1) Ascertainment of the exposure
a. secure record (eg, surgical records)*
. structured interview where blind to case/control status*
. interview not blinded to case/control status
. written self-report or medical record only
. no description

Qo 0 T

2) Same method of ascertainment for cases and controls
a. yes*
b. no

3) Non-response rate
a. same rate for both groups*
b. non-respondents described
c. rate different and no designation
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Appendix 4. Adapted Scale from the Newcastle-Ottawa Quality Assessment Scale for cohort
studies

Selection (max 4 stars)
1) Representativeness of the exposed cohort
a. Truly representative of the average in the target population (all subjects or random sampling)*
b. Somewhat representative of the average in the target population (non-random sampling)*
c. Selected group of users
d. No description of the derivation of the cohort

2) Sample size
a. Justified and satisfactory*
b. Not satisfied

3) Ascertainment of the exposure
a. Secure record (eg, medical records)*
b. Structured interview *
c. Written self-report
d. No description of the measurement tool

4) Non-respondents
a. Comparability between respondents and non-respondents characteristics is established, and the response
rate is satisfactory*
b. The response rate is unsatisfactory, or the comparability between respondents and non-respondents is
unsatisfactory
¢. No description of the response rate or the characteristics of the respondents and the non-respondents

Comparability (max 2 stars)
1) The subjects in the different outcome groups are comparable, based on the study design or analysis. Con-
founding factors are controlled.
a. Study controls for the most important factors (age, sex)*
b. Study controls for additional relevant factors**
¢. Inadequate degree of control

Outcome (max 3 stars)
1) Assessment of the outcome
a. Independent or blind assessment stated in the paper, or confirmation of the outcome by reference to se-
cure records (eg, X-rays, medical records)**
b. Record linkage (eg, identified through ICD codes on database records)**
. Self-report (ie, no reference to original medical records or X-rays to confirm the outcome)*
d. No description

Ia)

2) Statistical test
a. The statistical test used to analyze the data is clearly described and appropriate, and the measurement of
the association is presented, including the probability level (P value)*
b. The statistical test is not appropriate, not described or incomplete.
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