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Abstract

Obijective: This study evaluated the association of serum irisin level with thyroid autoantibody
(TAA) positivity and subclinical hypothyroidism (SH).

Methods: In this cross-sectional study, 334 participants were assigned to one of the following
four age- and sex-matched groups: TAA plus SH (84 patients), isolated TAA (83 patients), isolated
SH (83 patients), or healthy controls (84 individuals). Irisin and creatine kinase (CK) were mea-
sured in serum samples.

Results: Patients with TAA plus SH, isolated TAA, and isolated SH had higher irisin levels
compared with the controls. There was a significant increase in the irisin level in the TAA plus
SH group compared with the control group. Among all participants, the irisin levels were pos-
itively associated with thyroglobulin and thyroid peroxidase antibody titers and high-density
lipoprotein cholesterol levels, but negatively associated with waist circumference, glycated hemo-
globin levels, and fasting plasma glucose levels. The irisin level was not associated with the
thyroid-stimulating hormone, free thyroxine, or CK levels. Irisin levels were independently asso-
ciated with TAA, with or without SH, but they were not associated with SH alone.
Conclusions: Irisin level may help to predict the risk of developing TAA with or without SH.
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Introduction

Hashimoto thyroiditis (HT), also known as
chronic lymphocytic thyroiditis, is the most
common autoimmune thyroid disease.'?
Thyroid autoantibodies (TAAs) are a key
serum marker in patients with HT, and a
recent Chinese study showed a prevalence
of 14.2% for TAA, 10.9% for thyroid per-
oxidase antibodies (TPOADb), and 9.7% for
thyroglobulin antibodies (TgAb).” A large
proportion of the Chinese population are
susceptible to developing HT, and approx-
imately 20% to 30% of patients with HT
have concurrent thyroid dysfunction, which
generally manifests as subclinical hypothy-
roidism (SH) or clinical hypothyroidism.*
Moreover, HT is the most common cause
of SH and clinical hypothyroidism in
iodine-sufficient areas, and it is associated
with various metabolic diseases, including
cardiovascular disease, hypertension, dysli-
pidemia, and insulin  resistance.’”’
Therefore, it is useful to identify individuals
who have a high risk of developing TAA
positivity or HT to guide the monitoring
of thyroid function and treatment.

Irisin is a recently discovered adipo-
myokine that is the extracellular cleavage
product of the membrane protein fibronec-
tin type III domain containing 5
(FNDC5).® It can induce “browning and
beiging” of white adipose tissue by increas-
ing uncoupling protein-1 (UCPI1) expres-
sion, increasing energy expenditure, and
enhancing systemic metabolism.” Thus,
irisin  has attracted attention for its

potential role in metabolic diseases.
Moreover, it has been proposed that
FNDCS expression can be observed in the
thyroid gland,'® and that activation of thy-
roid hormone receptors can promote UCP-
1 gene expression to induce “browning and
beiging” of white adipose tissue.'!
Therefore, some recent studies have focused
on the relationship between serum irisin
level and thyroid function.

There are conflicting data regarding the
possible relationships and regulatory mech-
anisms that are responsible for the associa-
tion between irisin levels and clinical
hypothyroidism or SH. For example,
Zybek-Kocik et al.'? reported that patients
with clinical hypothyroidism that was
caused by autoimmune thyroiditis had
lower serum irisin levels than those of
healthy controls, and that patients with
hypothyroid condition also had elevated
creatine kinase (CK) levels. The authors
hypothesized that this might reflect a regu-
latory mechanism that involves muscle
injury. However, other studies have
revealed that the serum irisin levels are ele-
vated among patients with clinical hypothy-
roidism that is caused by HT'® and among
patients with SH,'* which might reflect a
regulatory mechanism that is related to
autoimmune thyroid inflammation. In
addition, Samy et al.'> and Atici et al.'®
observed elevated serum and heart tissue
irisin levels'” in rat models of hypothyroid-
ism (vs. euthyroid rats), and they claimed
that these elevated levels might be



Chen et al.

associated with oxidative stress and muscle
injury on the basis of their response to exer-
cise. Moreover, serum irisin levels were pos-
itively associated with serum CK levels and
with markers of oxidative stress in the
muscle and liver, but they were not associ-
ated with thyroid-stimulating hormone
(TSH) levels.'® Panagiotou et al.'® reported
that serum irisin levels did not differ signif-
icantly between euthyroid individuals and
individuals with iatrogenic hypothyroidism
(due to thyroidectomy for thyroid cancer
and withdrawal of thyroxin replacement
treatment before radio-iodine ablation).
Moreover, that study revealed that serum
irisin levels were not associated with TSH,
free thyroxine (FT4), free triiodothyronine
(FT3), or CK levels. The influence of auto-
immune thyroid inflammation could be
excluded because the study included
patients who had undergone thyroidecto-
my. Thus, there is a lack of clarity regarding
the relationship between irisin levels and
clinical hypothyroidism or SH in the con-
text of autoimmune thyroid inflammation.
Moreover, to the best of our knowledge, no
previous study has evaluated the relation-
ship between the irisin level and thyroid
autoantibodies.'® Therefore, we performed
a cross-sectional study to evaluate serum
irisin and CK levels among patients with
isolated SH, isolated TAA positivity, TAA
positivity plus SH, and healthy controls.

Methods

Design and patients

This cross-sectional study evaluated data
from Guiyang (an iodine-sufficient area),
which is one of 31 Chinese cities that par-
ticipated in an epidemiological investiga-
tion of thyroid diseases in China.® The
inclusion criteria were as follows: (i) >18
years old; and (i) lived in the selected com-
munity for >5 years. The exclusion criteria
were as follows: (i) pregnancy within the

previous year; (ii) taking contraceptive
drugs or estrogen; (iii) taking glucocorti-
coids or dobutamines; (iv) taking anticon-
vulsant drugs, such as phenytoin sodium;
(v) any chronic degenerative or severe sys-
temic disease, such as adrenal insufficiency
and renal failure; and (vi) a history of
receiving oral iodine-containing drugs or
iodine-containing contrast agents during
the previous 6 months. On the basis of
these criteria, participants were recruited
using stratified cluster sampling between
October 2014 and March 2015. The partic-
ipants completed a self-assessment ques-
tionnaire, a physical examination, and had
overnight fasting blood samples collected,
which were stored at —80°C until testing.
The study protocol was approved by the
Ethics Committee of the Affiliated
Hospital of Guizhou Medical University
(approval date: 12 October 2014; approval
number: 2014-86). All participants provided
written informed consent upon enrollment.
The study protocol was designed in accor-
dance with the STROBE guidelines.?

Questionnaires and anthropometric
measurements

The self-assessment questionnaires were
administered by trained endocrinologists,
who guided the participants in completing
the standardized questionnaire, which
included information on the following: (i)
demographic characteristics (name, sex,
date of birth, marital status); (ii) lifestyle
factors (smoking, drinking, and coffee con-
sumption); (iii) medical treatment (medica-
tion use, medical or surgical treatment); (iv)
family history of disease; and (v) personal
disease history. Physical examinations were
also performed by trained endocrinologists,
who measured height, weight, waist circum-
ference (WC), systolic blood pressure
(SBP), and diastolic blood pressure (DBP).
Body mass index (BMI) values were calcu-
lated as follows: weight/height® (kg/m?).
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Biochemical and hormone measurements

Venous blood samples were collected after a
12-hour fast. The laboratory tests included
TSH, TPOAb, TgAb, fasting plasma glu-
cose (FPG), plasma glucose 2 hours after
an oral glucose tolerance test (2hPG), gly-
cated hemoglobin (HbAlc), triglycerides
(TG), total cholesterol (TC), high-density
lipoprotein cholesterol (HDL-C), and low-
density lipoprotein cholesterol (LDL-C).
Abnormal results for the serum TSH level
prompted additional testing to determine
the FT4 level. The TSH, TPOAb, TgAb,
and FT4 levels were determined using an
automated immunoluminescence analyzer
(Roche Cobas601; Roche Diagnostic,
Basel, Switzerland). Lipid, FPG, and
2hPG levels were measured using an auto-
mated biochemical immunoanalyzer
(OLYMPUS AUS5400; Roche Diagnostic).
CK levels were determined using a Roche
Cobas ¢702 system (Roche Diagnostic).
Serum irisin levels were determined using
an enzyme-linked immunosorbent assay
kit (detection range: 0.1-1000 ng/mL; EK-
067-29, Phoenix Pharmaceuticals Inc.,
Burlingame, CA, USA), which is consid-
ered to be the best kit for measuring irisin
levels and it has a <10% inter-assay coef-
ficient of variation and a <15% intra-assay
coefficient of variation.?!

Statistical analyses

All statistical analyses were performed
using IBM SPSS software (version 22.0;
IBM Corp., Armonk, NY, USA). The nor-
mality of data distribution was evaluated
using the Shapiro—Wilk test and homogene-
ity of variance was evaluated using Levene’s
test. Normally distributed continuous vari-
ables were reported as the mean + standard
deviation, and non-normally distributed
continuous variables were reported as the
median and interquartile range. One-way
analysis of variance was used for multiple

comparisons of normally distributed varia-
bles, and significant differences were exam-
ined via post-hoc pairwise comparisons
using the least significant difference test.
Multiple comparisons of non-normally dis-
tributed variables were performed using the
Kruskal-Wallis test. Categorical variables
were reported as the frequency and percent-
age, and were compared using the chi-
squared test. Correlations between the
irisin level and the continuous variables
were evaluated using Pearson or
Spearman correlation coefficients. Binary
logistic regression was used to evaluate the
association between irisin level and isolated
SH, isolated TAA positivity, and TAA pos-
itivity plus SH. Two-sided P-values of
< 0.05 were considered to be statistically
significant.

Results

Clinical and biochemical characteristics

After excluding individuals with diabetes or
hypertension and those using lipid-lowering
drugs or other drugs that may affect thyroid
function, there were 2245 eligible partici-
pants. Using the laboratory reference
ranges, SH was defined on the basis of a
TSH level of >4.2pulU/mL and a normal
FT4 level. Positivity for TPOAb was
defined as a TPOAD level of >341U/mL,
and TgAb positivity was defined as a
TgAb level of >1151U/mL. TAA positivity
was defined as a positive result for TPOAb
and/or TgAb. Among the eligible patients,
we performed matching according to sex
and age (+£2 years), which resulted in
matched groups with TAA positivity plus
SH (84 patients), isolated SH (83 patients),
isolated TAA positivity (83 patients), and
healthy controls (84 patients; Figure 1).
None of the 334 participants regularly
engaged in strenuous exercise and the
male-to-female ratio was 0.4:1.0.
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(n=2,650)

Subjects identified via the epidemiological investigation

Exclude

Excluded subjects with diabetes, hypertension,
use of lipid-lowering drugs, or use of other drugs
that might affect thyroid function
(n=405)

Remaining subjects | Select TAA plus SH (the smallest number of cases)
(n=2,245) (n=84)
- Matching according to sex and age
; (%2 years) with the TAA plus SH
: cases
Isolated TAA Isolated SH CG TAA plus SH
(n=83) (n=83) (n=84) (n=84)

Figure |. Study flowchart.

There were 24, 23, 24, and 24 men in the
TAA plus SH, isolated TAA, isolated SH,
and control groups, respectively. The par-
ticipants were 44.8+13.4, 44.1+£12.9,
44.4+13.5, and 45.0+13.3 years old in
the four study groups, respectively. No sig-
nificant differences were observed between
the four groups for sex or for smoking his-
tory, coffee consumption, and alcohol con-
sumption. The participants’ characteristics
are shown in Table 1. As expected, the two
groups with SH had significantly elevated
TSH levels (P<0.001), while the two
groups with TAA positivity had significant-
ly elevated TPOAb and TgAb levels
(P<0.001) compared with the other two
groups. The TAA plus SH group had sig-
nificantly higher SBP than the isolated SH
group (P < 0.05), TC levels were significant-
ly higher in the control group than in the
isolated TAA group (P =0.01), and HbAlc
levels were significantly higher in the con-
trol group than in the isolated SH group
(P <0.001). However, no significant inter-

group differences were observed for age,
height, weight, BMI, WC, or DBP, or for
HDL-C, LDL-C, TG, FPG, 2hPG, or CK
levels. There was also no significant differ-
ence in FT4 levels between the two groups
with SH. As shown in Figure 2, the irisin
levels were significantly higher in the TAA
plus SH group than in the control group
(P=0.006), and the serum irisin levels in
the control group tended to be lower than
in the isolated TAA group and the isolated
SH group, but these differences were not
significant.

Correlations of irisin levels with the
anthropometric, metabolic, and thyroid
indicators

The correlations between irisin levels and
the various indicators are summarized in
Table 2. Among all participants, irisin
levels were positively correlated with
TgAb (r=0.122, P=0.025) and HDL-C
levels (r=0.154, P=0.005), marginally
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diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HbA ¢, glycated
hemoglobin Al; FPG, fasting plasma glucose; 2hPG, 2-hour plasma glucose after the OGTT; OGTT, oral glucose tolerance test; TSH, thyroid-stimulating hormone; Tg,

thyroglobulin; TPO, thyroid peroxidase; Ab, antibody; CK, creatine kinase; T4, thyroxine; SD, standard deviation.

7
P=0.006
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g o
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TAA plus SH isolated TAA  isolated SH CG

Figure 2. Box plots for circulating irisin concen-
trations in the four groups.

correlated with TPOADb levels (r=0.105,
P=0.05), and negatively correlated with
WC (r=-0.127, P=0.02), FPG levels
(r=-0.111, P=0.042), and HbAlc levels
(r=-0.127, P=0.02). In the TAA plus
SH group, irisin levels were positively cor-
related with age (r=0.238, P=0.03). In the
isolated TAA group, irisin levels were neg-
atively correlated with HbAlc levels
(r=-0.232, P=0.035). However, irisin
levels were not significantly correlated
with any of the indicators in the isolated
SH group or the control group. Moreover,
irisin levels were not significantly correlated
with the overall TSH, FT4, or CK levels or
among the participants in any of the four
groups.

Association between the irisin level and
TAA positivity

Before and after adjustment for associated
confounders, a high irisin level was signifi-
cantly associated with isolated TAA (odds
ratio [OR] 1.167, 95% CI 1.030-1.321,
P=0.015; and OR 1.151 95% CI 1.008—
1.315, P=0.038, respectively; Table 3) and
TAA plus SH (OR 1.184 95% CI 1.027-
1.364, P=0.020; and OR 1.178, 95% CI
1.014-1.369, P=0.033, respectively; Table
4) but was not significantly associated
with isolated SH (OR 1.093, 95% CI
0.967-1.235; OR 1.116, 95% CI 0.980—
1.272, respectively; Table 5).
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Table 2. Correlations between the various indicators and circulating irisin concentrations.

TAA plus SH Isolated TAA Isolated SH CG All subjects

(n=84) (n=83) (n=83) (n=84) (n=334)
Variables

r P r P r p r P r P
Age 0.238 0.03* —0.102 0.360 0.008 0.942 —0.008 0.942 0.051 0355
BMI —0.206 0.06 0.033 0.764 —0.118 0.286 —0.08 0467 —0.092 0.094
TSH —0.101  0.359 0.024 0.831 —0.089 0.421 0.121  0.274 0.05 0367
TgAb —0.031 0.780 0016 0.888 —0.069 0.538 —0.072 0518 0.122  0.025*
TPOAb  —0.063 0.569 —0.004 0.968 0.036 0.746 0.005 0.963 0.105 0.05
CK 0.191 0.082 —-0.002 0985 —0.067 0.545 0.063 0.570 0.061 0.268
wcC —0.134 0225 —0.056 0614 —0.167 0.131 —0.121 0275 —0.127 0.02*
SBP 0.096 0.387 —0.007 0953 —0.164 0.139 —-0.024 0826 —0.009 0.867
DBP —-0.072 0513 0.034 0.763 —0.115 0300 —-0.075 0.500 —0.087 0.112
HDL-C 0.123  0.267 0.172  0.119 0.020 0.859 0.006 0.960 0.154 0.005**
LDL-C —0.001 0995 —-0.105 0.344 —0.126 0.256 —0.011 0919 —0.089 0.103
TC 0.054 0.627 0.050 0.652 —0.104 0.348 0.005 0.966 —0.019 0.730
TG —0.018 0868 —0.132 0236 —-0.035 0753 —-0.007 0948 —0.093 0.09
HbAlc —0.173 0.116 —0.232 0.035* o.1fr 0317 —0.069 0.535 —0.127 0.02*
FPG —0.03 0788 —0.119 0284 —0.193 0.08] —0.028 0802 —0.I11 0.042*
2hPG —0.033 0.763 0.097 0.385 0.019 0867 —0.071 0519 —-0.018 0.743
FreeT4 —0.012 0913 - - —0.008 0.944 - - 0.011 0.889

*p < 0.05, ¥ < 0.01.

TAA, thyroid autoantibody positivity; SH, subclinical hypothyroidism; CG, control group; BMI, body mass index; TSH,
thyroid-stimulating hormone; Tg, thyroglobulin; TPO, thyroid peroxidase; Ab, antibody; CK, creatine kinase; WC, waist
circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; TG, triglyceride; HbA c, glycated hemoglobin Al; FPG,
fasting plasma glucose; 2hPG, 2-hour plasma glucose after the OGTT; OGTT, oral glucose tolerance test; T4, thyroxine.

Table 3. Odd ratios and 95% confidence intervals for risk of isolated TAA positivity according to serum
irisin concentrations.

Crude OR (95% ClI) P-value Adjusted OR (95% CI)* P-value

Irisin 1.167 (1.030-1.321) 0.015 I.151 (1.008-1.315) 0.038

?OR adjusted for sex, age, fasting plasma glucose, 2-hour plasma glucose after the OGTT, glycated hemoglobin, high-
density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, triglycerides, height, weight, waist
circumference, and body mass index.

OR, odds ratio; 95% Cl, 95% confidence interval; TAA, thyroid autoantibody positivity; OGTT, oral glucose tolerance test.

Table 4. Odd ratios and 95% confidence intervals for risk of TAA plus SH according to serum irisin
concentrations.

Crude OR (95% CI) P-value Adjusted OR (95% CI)* P-value

Irisin 1.184 (1.027-1.364) 0.020 1.178 (1.014-1.369) 0.033

?OR adjusted for sex, age, fasting plasma glucose, 2-hour plasma glucose after the OGTT, glycated hemoglobin, high-
density lipoprotein cholesterol, low-density lipoprotein cholesterol, total cholesterol, triglycerides, height, weight, waist
circumference, and body mass index.

OR, odds ratio; 95% Cl, 95% confidence interval; TAA, thyroid autoantibody positivity; SH, subclinical hypothyroidism;
OGTT, oral glucose tolerance test.
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Table 5. Odd ratios and 95% confidence intervals for risk of isolated SH according to serum irisin
concentrations.

Crude OR (95% ClI) P-value Adjusted OR (95% CI)* P-value
Irisin 1.093 (0.967-1.235) 0.153 I.116 (0.980-1.272) 0.097

?OR adjusted for sex, age, thyroid peroxidase antibodies, thyroglobulin antibodies, fasting plasma glucose, 2-hour plasma
glucose after the OGTT, glycated hemoglobin, high-density lipoprotein cholesterol, low-density lipoprotein cholesterol,
total cholesterol, triglycerides, height, weight, waist circumference, and body mass index.

OR, odds ratio; 95% Cl, 95% confidence interval; SH, subclinical hypothyroidism; OGTT, oral glucose tolerance test.

Discussion

This study evaluated the relationships
between serum irisin levels and isolated
SH, isolated TAA positivity, and TAA pos-
itivity plus SH. The results revealed that,
compared with the control group, elevated
serum irisin levels were only observed in the
TAA plus SH group. In addition, irisin
levels were positively correlated with
TgAb and TPOAD levels, but were not sig-
nificantly associated with TSH, FT4, or CK
levels. Thus, elevated irisin levels seem to be
associated with an increased risk of TAA
positivity with or without SH.

Irisin is a cytokine that was discovered in
2012 by Bostrom et al.,” and it is mainly
synthesized and secreted by skeletal
muscle to transmit information to other
endocrine organs. Irisin reportedly induces
“browning and beiging” of white adipose
tissue and increases energy expenditure via
upregulated UCP1 expression. Notably,
thyroid hormones are endogenous regula-
tors of brown adipose tissue,?? which influ-
ences heat regulation. In addition, both
triiodothyronine (T3) and irisin can
improve UCP1 production, and T3 can
suppress FNDCS5 synthesis in human sub-
cutaneous adipocytes.”® There are similari-
ties between the effects of thyroid hormone
and irisin on metabolism. Therefore, it is
plausible that these functions of thyroid
hormones might be mediated by and/or
attributable to changes in irisin levels.

This study revealed that serum irisin
levels did not differ significantly between

the control and isolated SH groups, and
were not associated with TSH or FT4
levels, which is consistent with the results
reported by Panagiotou et al.'® However,
these results conflict with the findings of
Stratigou et al.,'* who reported that serum
irisin levels were significantly elevated in
individuals with SH compared with healthy
controls, and that irisin levels were positive-
ly correlated with the TSH levels. This dis-
crepancy may be because some patients
who were TAA-positive were included in
the SH group in the study by Stratigou
et al.,'* while only patients who had under-
gone thyroidectomy were included in the
study by Panigiotou et al..'® which would
exclude the influence of autoimmune thy-
roiditis. Therefore, isolated SH may not
be sufficient to cause changes in serum
irisin levels. This may be related to the pres-
ence of TSH receptors in numerous tissues
including the liver, adipose tissue, and
bone, although there are limited data
regarding TSH receptors in human skeletal
muscle cells.'"® Thus, TSH may not be able
to act directly on skeletal muscle cells to
mediate the release of irisin.

Notably, serum irisin levels were signifi-
cantly higher in the TAA plus SH group
than in the control group, and irisin levels
were positively correlated with TPOADb and
TgAb levels. These results are consistent
with  previous reports.'*'*  Moreover,
binary logistic regression revealed that ele-
vated serum irisin levels were significantly
associated with having TAA plus SH,
which suggests that elevated serum irisin
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levels in patients with clinical hypothyroid-
ism or SH may be related to autoimmune
thyroid inflammation. In this context, a
previous study found that thyroid follicular
cells were destroyed by chronic inflamma-
tion, which increased FNDCS5 release and
led to an increase in the serum irisin
level.”® In addition, irisin could have an
anti-inflammatory effect by decreasing the
levels of some proinflammatory cytokines
(e.g., interleukin 6 and tumor necrosis
factor alpha),>* which participate in the
autoimmune thyroid inflammation process.
Therefore, the elevated serum irisin levels in
participants in the TAA plus SH group may
be related to the anti-inflammatory effects
of irisin. However, other researchers have
found that serum irisin levels were lower
in patients with chronic autoimmune thy-
roiditis and hypothyroidism compared
with the control group.>>*® These conflict-
ing results may reflect differences in the
inclusion of patients with or without
severe and sustained clinical hypothyroid-
ism. Furthermore, a state of “irisin
resistance” has been described, which
involves the compensatory secretion of
irisin immediately after thyroid injury,
with a subsequent decrease in irisin levels
over time as the thyroid injury worsens.'*
Moreover, this study revealed that the iso-
lated TAA group had non-significantly
higher irisin levels compared with the con-
trol group, which could be related to the
small sample size. However, the binary
logistic regression analysis revealed that ele-
vated irisin levels may reflect an increased
risk of TAA positivity. However, the
TPOADb and TgAb levels were lower in the
isolated TAA group than in the TAA plus
SH group, but this decrease was not signif-
icant. These results suggest that less severe
and a shorter duration of thyroid gland
damage may not be sufficient to induce
changes in serum irisin levels.'?

We also compared the serum CK levels
between the four groups to determine

whether muscle injury explained the rela-
tionship between irisin levels and thyroid
dysfunction. We found that CK levels
were not significantly different between
the four groups, and that CK levels were
not significantly related to irisin levels.
These results conflict with the findings
from previous studies.*>?” This inconsisten-
cy may be related to our selection of partic-
ipants with newly diagnosed TAA positivity
and SH. These participants had minimal
muscle injury, which would be consistent
with a lack of significant inter-group differ-
ences in the serum lipid indexes. However,
our results are consistent with the findings
from some studies,'®?*?° and the lack of an
association between the irisin levels and the
CK levels could be explained because CK
and irisin have different circadian secretion
rhythms.*

To the best of our knowledge, this is the
first study to identify an independent rela-
tionship between irisin levels and TAA pos-
itivity. However, the cross-sectional study
design precludes a conclusion regarding
the causality of this relationship.
Moreover, we did not perform a sample
size calculation because we were not aware
of the likely effect size when planning the
study, so the limited number of samples
may have affected the statistical significance
of the results. Thus, large prospective stud-
ies are needed to validate our findings and
to determine whether there is a causal rela-
tionship between irisin levels and TAA
positivity.

Conclusions

Our results suggest that serum irisin levels
were not significantly associated with isolat-
ed SH or CK levels, but that they were
closely associated with TAA positivity.
Thus, irisin levels may help to predict the
risk of TAA positivity, with or without SH.
This may help physicians to identify and
initiate early treatment in these patients.
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