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Both thyroid hormones and irisin have profound influences on the metabolism of the human body. Based on their similarities,
several studies have been conducted to explore changes in irisin levels in patients with hypothyroidism and hyperthyroidism.
This study was conducted in accordance with the PRISMA statement and the MOOSE reporting guideline. Based on a
preregistered protocol (PROSPERO—CRD42019138430), a comprehensive search of eight databases was performed from
inception to April 2020. Studies with original data collected from patients with thyroid dysfunction were included. Subgroup
analysis was performed based on the different types of clinical manifestations and patient characteristics. The quality of each
study and the presence of publication bias were assessed by the Newcastle-Ottawa score (NOS) and funnel plot with Egger’s test,
respectively. A total of 11 studies with 1210 participants were included. Ten studies were identified as high-quality studies.
Pooled analysis indicated decreased irisin levels in patients with hypothyroidism (MD -10.37, 95% CI -17.81 to -2.93). Subgroup
analysis revealed an even lower level of irisin in patients with clinical-type hypothyroidism (MD -17.03, 95% CI -30.58 to -3.49)
and hypothyroidism caused by autoimmune disease (MD -19.38, 95% CI -36.50 to -2.26). No differences were found after
achieving euthyroid status from levothyroxine treatment in patients with hypothyroidism compared with controls. No
differences were found between patients with hyperthyroidism and controls. Correlation analyses revealed a possible negative
correlation between irisin and TSH and positive correlations between irisin and both fT'3 and fT4. Irisin was correlated with
TSH receptor antibodies.

1. Introduction

Thyroid hormones have profound influences on the
metabolic status of the human body; they can regulate both
obligatory and facultative thermogenesis and have consider-
able effects on the cardiovascular system [1, 2]. Both hyper-
thyroidism and hypothyroidism are common, and the
prevalence of hyperthyroidism is approximately 0.8% in
Europe, 1.3% in the USA, and 1.1% in China [3-6]. The
prevalence of spontaneous hypothyroidism is between 1%
and 2% worldwide [7]. Patients with abnormal thyroid func-
tions of either clinical-type or subclinical-type suffer from

higher risks of cardiovascular disease, complications associ-
ated with altered lipid metabolism, and musculoskeletal
system disorders [3, 8].

Irisin also plays an important role in regulating the met-
abolic status and influencing the function of the cardiovascu-
lar system [9, 10]. Irisin is the proteolytically cleaved form of
fibronectin type III domain-containing protein 5 (FNDC5)
[11]. Since the discovery of this protein, irisin has attracted
widespread interest due to its broad physiopathological role
in many metabolic diseases. Irisin has antioxidative, anti-
inflammatory, and antiapoptotic effects, which indicates its
potential as a therapeutic and diagnostic target for diabetes,
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obesity, nonalcoholic fatty liver disease, osteoporosis, and
even cancer [10, 12, 13]. Irisin is involved in the expression
of peroxisome proliferator-activated receptor- (PPAR-)
gamma and uncoupling protein- (UCP-) 1, which are the
hallmarks of thermogenesis [14]. Both triiodothyronine
(T3) and irisin could increase the expression of UCP-1 levels,
decrease lipid accumulation, and prevent DNA damage in
human adipocytes [15]. However, based on a recently
published research that used human subcutaneous white
adipocytes, irisin and T3 might have different influences on
adiponectin, PPAR-y, and FNDCS5 levels [16]. Animal stud-
ies have shown that the hypothalamic-pituitary-thyroid
(HPT) axis function may be directly or indirectly related to
irisin modulation, or vice versa [17-19].

Based on the similar physiological functions and possible
connections of thyroid hormones and irisin, it is plausible to
hypothesize that serum irisin levels may be altered in cases of
thyroid dysfunction. Several studies have explored the func-
tion of irisin in patients with hypothyroidism and hyperthy-
roidism, but the evidence is conflicting. As a promising new
diagnostic marker and a potential regulating hormone for
metabolism, a systematic review summarizing the existing
data regarding irisin levels in patients with thyroid dysfunc-
tion is needed.

The purposes of this study were to identify the difference
in circulating irisin levels between participants with and
without thyroid dysfunction and to explore the correlation
between irisin levels with both thyroid hormones and
antibodies.

2. Materials and Methods

We conducted this meta-analysis in accordance with the
Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) guidelines for systematic reviews of observational
studies [20]. In addition, our reporting items were in accor-
dance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement for report-
ing systematic reviews [21]. We followed a standard protocol,
which was registered on PROSPERO of the Centre for Reviews
and Dissemination (registration number: CRD42019138430).
The method in this study was consistent with our previously
published study [22].

2.1. Search Strategy and Selection Criteria. We performed a
systematic search in four English electronic databases
(PubMed, Embase, Web of Science, and Cochrane Central
Register of Controlled Trials) and four Chinese electronic
databases (the Chinese Biological Medical Literature data-
base (CBM), the Chinese National Knowledge Infrastructure
(CNKI) database, Chinese Medicine Premier (Wanfang data-
base), and Chinese Journals Full-text Database (VIP)) with-
out language restriction. The following search terms were
used: “irisin®, “FDNC5”, “thyroid”, “hypothyroidism”,
“hyperthyroidism”, “thyroid hormones”, and “thyroid anti-
bodies”. The last search was performed in April 2020. If there
were multiple publications based on a single study, the latest
publication was used. We extracted supplemented data from
the earlier versions. Reference lists within both the original
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literature and review articles were manually checked to iden-
tify eligible studies.

Studies were included if they met the following inclusion
criteria: (1) studies reported original data (e.g., cross-
sectional study, case-control study, and cohort study); (2)
the primary outcome of interest was circulating irisin levels
in patients with hypothyroidism or hyperthyroidism and
healthy participants of euthyroid status; the secondary out-
come was the correlation coefficients of irisin with thyroid
hormones and antibodies; and (3) the diagnosis of hypothy-
roidism and hyperthyroidism was clearly defined [23, 24].
Studies were excluded if (1) the outcomes were not relevant
or the diagnostic criteria of abnormal thyroid functions were
not clearly defined, (2) case numbers were less than 5 in
either arm, (3) the article was either a review article or a case
report, and (4) the studies included participants who received
treatment within three months or were currently receiving
treatments, such as antithyroid treatments (ATDs), radioac-
tive iodine, thyroidectomy, or levothyroxine therapy.

2.2. Data Extraction and Quality Assessment. After the initial
evaluation, a specified data extraction form was used by two
authors (DS and XL) to independently collect information.
Any discrepancies were solved by conferring with other
investigators. The following data were extracted: first author,
study type, publication year, location of the studies, sample
size, diagnostic criteria, related demographic characteristics,
circulating irisin levels in different groups, and correlation
coefficients of irisin with related thyroid hormones and anti-
bodies. For the studies without available data in the paper,
the first or corresponding author was contacted if necessary.
For studies providing treatment to patients with thyroid
dysfunction, the baseline irisin level was collected.

Two reviewers (LZ and XL) independently assessed the
methodological qualities of the included studies in accor-
dance with the Newcastle-Ottawa Quality Assessment Scale
(NOS) independently. This scale evaluated observational
studies based on three criteria: patient selection, comparabil-
ity of study groups, and assessment of outcomes or exposure.
The maximum score of the NOS is 9 points. Articles scoring
more than 5 points were considered high-quality studies
(with a low risk of bias). Articles that scored 1 or zero for
selection of cases, scored zero for comparability of study
groups, or scored zero for assessment of outcomes or expo-
sure were considered low-quality studies (with a high risk
of bias). Studies that scored in-between were categorized as
having medium quality (with a moderate risk of bias). Any
disagreements were resolved by discussion, with a third
author involved in the decision.

2.3. Statistical Analysis. We performed meta-analyses using
RevMan 5.3 (Ver 5.3. Copenhagen: The Nordic Cochrane
Centre, The Cochrane Collaboration, 2014) and R (Ver 3.0.3.
The R Project for Statistical Computing; http://www.r-
project.org/). Additionally, the metafor package (Wolfgang
Viechtbauer; http://www.metafor-project.org) was used. For
data reported as medians, ranges, 95% confidence intervals,
and p values, we calculated means and standard deviations
[25, 26]. Because of the high likelihood of interstudy
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differences, a random effects model was first chosen. The I*
statistic was used to estimate heterogeneity among studies.
Studies with an I* value of <25%, 25%-50%, 50%-75%, or
75%-100% were considered to have no, low, moderate, or high
heterogeneity, respectively [27]. If low heterogeneity was
found, then a fixed effects model was used. The mean differ-
ence (MD) and the associated 95% confidence interval (CI)
were calculated for circulating irisin in participants with and
without hypothyroidism and hyperthyroidism. With respect
to the correlation coefficients, statistical analyses were per-
formed using the inverse of the variance method and Fisher’s
z-transformation. Subgroup analysis was performed based on
the different types of clinical manifestations, the underlying
disease, and study characteristics. Potential publication bias
was evaluated by visual inspection of funnel plots as well as
with Egger’s regression asymmetry test. A two-tailed p value
< 0.05 was considered statistically significant in all analyses.

3. Results

3.1. Characteristics of the Included Studies. The initial search
identified 211 studies. Of these, 69 studies were excluded for
duplicates. 108 studies were excluded after screening the
titles. Another 23 studies were excluded after reading the
abstract or full texts due to lack of relevant data or irrelevant
study types (Figure 1).

A total of 11 studies with 1210 participants were included
in this meta-analysis. All studies were single-centre observa-
tional studies. Five studies were based in Turkey [28-32],
three studies were based in Poland [33-35], two studies were
based in Greece [36, 37], and one study was based in China
[38]. Six studies explored circulating irisin levels in patients
with hypothyroidism [28, 30, 32, 35, 37, 38]; two of them
included patients with subclinical hypothyroidism [32, 37].
Three studies explored circulating irisin levels in patients
with hyperthyroidism [29, 31, 36]. Another two studies
included patients with both hyper- and hypothyroidism
[33, 34]. Autoimmune thyroid diseases (AITD) including
Graves’ disease, Hashimoto’s thyroiditis, and other types
were the most common reasons for thyroid dysfunction in
these studies. In all included studies, the diagnostic criteria
for hyper- and hypothyroidism were well defined and
matched controls including age, sex ratio, and BMI were
included. Some studies even used strict matching mecha-
nisms involving blood pressure, eating habits, and waist-hip
ratio [28, 36, 37]. Five studies treated patients with hypothy-
roidism with levothyroxine; irisin levels after treatment were
reported [30, 32, 34, 37, 38]. The correlation coefficients of
irisin with thyroid hormones and antibodies were reported
in 9 studies [28-31, 33, 34, 36-38]. All blood samples were
collected after fasting. Irisin was measured by commercial
enzyme-linked immunosorbent assay (ELISA) kits from 4
different medical corporations. The main characteristics of
the included studies are summarized in Table 1.

3.2. Irisin Levels in Patients with Hypothyroidism. By pooling
these studies using a random effects model, the results
revealed that circulating irisin was lower in patients with

hypothyroidism than in the controls (MD -10.37, 95% CI
-17.81 to -2.93) (Figure 2).

3.3. Irisin Levels in Patients with Subclinical Hypothyroidism
(SCH) and Patients with Clinical Hypothyroidism. Two stud-
ies reported circulating irisin levels in patients with SCH [32,
37], and there was no difference in irisin levels between
patients with SCH and the control group (MD 4.21, 95% CI
-0.13 to 8.55). However, in the comparison between patients
with clinical-type hypothyroidism and controls, a significant
decrease in the irisin level was revealed. Circulating irisin
levels were significantly decreased in patients with clinical-
type hypothyroidism (MD -17.03, 95% CI -30.58 to -3.49).

3.4. Irisin Levels in Patients with Hypothyroidism Caused by
Autoimmune Disease. AITD was the most common contrib-
uting reason for hypothyroidism in these studies. The pool-
ing results showed that patients with autoimmune thyroid
disease had a much lower irisin level than controls (MD
-19.38, 95% CI -36.50 to -2.26) (Figure 3).

3.5. Irisin Levels in Patients with Hypothyroidism after
Levothyroxine Treatment. Five studies reported irisin levels
after levothyroxine treatment [30, 32, 34, 37, 38]. The treat-
ment period ranged from 3 to 12 months, and most patients
recovered to a euthyroid status. When comparing recovered
patients after treatment with controls, no difference in circu-
lating irisin levels was found (MD 1.48, 95% CI -2.69 to 5.65).

3.6. Irisin Levels in Patients with Hyperthyroidism. Four stud-
ies were eligible for the overall meta-analysis of irisin levels in
patients with hyperthyroidism [29, 31, 34, 36]. Pooled analy-
sis of these studies revealed no difference in irisin levels
between patients with hyperthyroidism and the control
group (MD 12.48, 95% CI -10.03 to 34.98) (Figure 4). No
difference in circulating irisin levels was found in the com-
parison between patients diagnosed with Graves’ disease
and the control group (MD 24.11, 95% CI -5.14 to 53.37).

3.7. Correlation of Irisin with Thyroid Hormones. Correlation
coefficients of irisin levels with thyroid hormones, including
thyroid stimulating hormone (TSH), free triiodothyronine
(fT3), and free thyroxine (fT4), of all participants were
reported in seven studies [28-31, 33, 34, 37]. These pooling
results from analyses including all participants did not reveal
statistically significant associations between irisin levels and
thyroid hormones (Table 2).

However, by excluding two studies [28, 37], we found a
negative correlation of irisin with TSH (r -0.51, 95% CI
-0.71 to -0.29) and positive correlations of irisin with fI'3
and fT4 (r 0.35, 95% CI 0.09 to 0.60 in fT3; r 0.34, 95% CI
0.11 to 0.56 in fT4, respectively). Ates et al. compared irisin
levels in patients with Hashimoto’s thyroiditis with age-
and BMI-matched controls. The ELISA kits used in their
studies were different from those used in other studies. Stra-
tigou et al. reported irisin levels in patients with subclinical
hypothyroidism; however, six other studies were conducted
in patients with clinical-type thyroid dysfunction. The differ-
ences in correlations between irisin levels and thyroid
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FiGure 1: PRISMA flowchart showing the study selection process. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-

Analyses.

hormones might be contributed by differences in ELISA kits
and differences in inclusion of participants.

Subgroup analyses were performed in patients with thy-
roid dysfunction and participants in the control group,
respectively. In the patient group, correlation analyses of thy-
roid hormones and irisin showed no significant differences
[28, 30, 36-38]. In patients with hypothyroidism [28, 30,
37, 38] and in patients with Hashimoto’s thyroiditis [28, 30,
37], the pooling correlation coefficients of irisin with thyroid
hormones had no statistical significance either. In the analy-
sis of irisin levels with fT3 in patients with Hashimoto’s thy-
roiditis, irisin was negatively correlated with T3, but the
correlation coeflicient was small [30, 37]. In participants in
the control group, irisin was negatively correlated with fT4
(r=-0.12, 95% CI -0.22 to -0.01) [28, 30, 31, 36, 37].

3.8. Correlation of Irisin and Thyroid Antibodies. Pooled cor-
relation analysis between circulating irisin with antithyroid

peroxidase antibodies (TPOAb) and antithyroglobulin anti-
bodies (TGAb) showed no statistical significance [28-30,
34, 37] (r=0.02, 95% CI -0.26 to 0.29 in TPOAD, and r =
0.02, 95% CI -0.32 to 0.36 in TGAD, respectively). However,
analyzing three studies reporting irisin with TSH receptor
antibodies (TRAb) indicated a positive correlation (r =0.23,
95% CI 0.01 to 0.44) [29, 31, 34].

3.9. Assessment of Publication Bias and Sensitivity Analysis.
Publication bias was assessed by funnel plots and Egger’s test
in circulating irisin levels with hypothyroidism (Figure 5(a))
and the correlations between irisin with TSH and TPOAb
(Figures 5(b) and 5(c)). The funnel plot is symmetrically
shaped, and no obvious publication bias was detected by
Egger’s test in the analysis of correlations between irisin
and TSH and TPOAb (p =0.09 and p = 0.70, respectively).
However, possible publication bias was found in the analysis
of irisin levels in patients with hypothyroidism (p =0.04).
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FIGURE 2: Forest plot for meta-analysis of seven studies on circulating irisin level in patients with hypothyroidism compared with controls.

MD: mean difference; CI: confidence interval.
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FIGURE 3: Forest plot for meta-analysis of six studies on circulating irisin level in patients with hypothyroidism of autoimmune disease

compared with controls. MD: mean difference; CI: confidence interval.

After performing a sensitivity analysis by removing each
study individually, the primary overall estimate was not
substantially changed.

3.10. Assessment of the Quality of the Included Studies. The
NOS scale was used to assess the quality of these studies
(Table 3). Ten studies were of high quality and provided an
adequate definition of cases confirmed by defined diagnostic
criteria. They also provided clear records of participants’
characteristics, comparability, and documentation of expo-
sure and outcome. Only one study comparing the irisin level
in patients with hyperthyroidism with hypothyroidism was
categorized as having a moderate risk of bias with an NOS
score of 5 [33]. As the baseline irisin levels were reported in
all included participants and controls and no studies reported
missing data, the response rates were judged to be 100%.

4. Discussion

This meta-analysis suggested that circulating irisin levels are
lower in patients with hypothyroidism, especially in patients
with clinical hypothyroidism and patients with autoimmune
thyroid disease. Correlation analyses revealed possible con-
nections of the irisin level with thyroid hormones. Pooling
results from the analysis of the correlation between irisin

and thyroid antibodies, including TPOAb and TGAD, were
not statistically significant, but a possible association with
TRAD was found (Figure 6). After levothyroxine treatment,
the comparison of hypothyroid patients who recovered to a
euthyroid status with healthy controls revealed no statisti-
cally significant difference. All of the included studies were
conducted in the past 5 years. To the best of our knowledge,
this is the first meta-analysis on circulating irisin levels in
patients with thyroid dysfunction.

As important components in the regulation of metabo-
lism and thermogenesis, both thyroid hormones and irisin
have profound functions [3, 12, 39]. Animal studies have
shown that irisin levels were changed in hyperthyroid and
hypothyroid rat models [19, 40]. Our current analysis also
confirmed the association of changing circulating irisin levels
in patients with thyroid dysfunction, after application of
good matching mechanisms such as age, sex ratio, body mass
index, eating habits, and waist-hip ratio. The lower irisin level
in patients with hypothyroidism implied possible energy
metabolic disorders in these patients. In patients with
clinical-type hypothyroidism and hypothyroidism caused
by AITD, the abnormalities of energy metabolism might be
even worse. These findings implied a possible link between
hypothalamic-pituitary-thyroid (HPT) axis function and
irisin levels. Despite the interplay of the HPT axis and irisin,



BioMed Research International

Mean difference

Mean difference

Study or subgroup Weight 1V, random, 95% Cl IV, random, 95% Cl

Panagiotou 2016 28.7% -12.61 [-27.16, 1.94] B

Sahin 2018 31.1% 26.60 [17.64, 35.56] ——

Yalcin 2016 8.1% 106.70 [37.87, 175.53] — )

Zybek-Kocik 2018 32.2% -2.35[-7.25,2.55] —-

Total (95% Cl) 100.0% 12.48 [-10.03, 34.98] —_—

Heterogeneity: tau® = 403.86; chi® = 44.36, df = 3 (p < 0.00001); I% = 93% T T T ]

Test for overall effect: Z = 1.09 (p = 0.28) =50 -25 0 25 50
Hyperthyroidism Control

FIGURE 4: Forest plot for meta-analysis of four studies on circulating irisin level in patients with hyperthyroidism compared with controls.

MD: mean difference; CI: confidence interval.

TaBLE 2: Pooled correlations between irisin with thyroid hormones.

Groups No. of studies (no. of subjects)  r 95% CI I>  pvalue for heterogeneity p value
TSH

All participants 7 (677) -0.27 (-0.55 to 0.06) 94.05% <0.01 0.06
All participants® 5 (363) 2051 (-0.71 to -0.29) 69.58% 0.01 <0.01
Patients with thyroid dysfunction 5(276) -0.09 (-0.36t0 0.18) 75.11% <0.01 0.52
Patients with hypothyroidism 4 (260) -0.05 (-0.35to 0.26) 80.39% <0.01 0.75
Patients with Hashimoto’s thyroiditis 3 (183) 0.14 (-0.01 to 0.29) 0% 0.45 0.06
Control group 5(334) 0.01 (-0.16t0 0.18) 50.78% 0.07 0.92
fT3

All participants 5 (583) 023 (-0.05to0 0.49) 90.83% <0.01 0.09
All participants* 5(363) 0.35 (0.09 t0 0.60) 79.39% <0.01 <0.01
Patients with thyroid dysfunction 4 (239) 0.00 (-0.25t00.25) 65.38% 0.02 0.99
Patients with hypothyroidism 3 (223) -0.03 (-0.33t0 0.28) 75.91% <0.01 0.86
Patients with Hashimoto’s thyroiditis 2 (146) -0.19 (-0.37 to -0.03) 0% 0.69 0.02
Control group 4 (297) -0.05 (-0.16 to 0.07) 0% 0.60 0.42
fT4

All participants 7 (677) 0.25 (-0.04 to 0.50) 92.25% <0.01 0.13
All participants* 5 (363) 0.34 (0.11to 0.56) 73.85% 0.01 <0.01
Patients with thyroid dysfunction 5(276) 0.10 (-0.17 t0 0.37) 75.77% <0.01 0.47
Patients with hypothyroidism 4 (260) 0.07 (-0.24 t0 0.39) 82.06% <0.01 0.65
Patients with Hashimoto’s thyroiditis 3 (183) -0.12 (-0.27 to 0.03) 0% 0.57 0.12
Control group 5(334) -0.12 (-0.22 to -0.01) 0% 0.72 0.04

Note: TSH: thyroid stimulating hormone; fT3: free triiodothyronine; fT4: free thyroxin; CI: confidence interval; r: correlation coefficient. *Two studies were
excluded for including patients with subclinical hypothyroidism and application of different ELISA kits [28, 37].

the underlying reasons for the lower irisin level in hypothy-
roidism patients might also lie in the dysregulated lipid and
glucose metabolic status of these patients. Hypothyroid
conditions could lead to gradual deterioration of lipid metab-
olism and insulin sensitivity and might contribute to
decreased irisin secretion [41]. The average body mass index
(BMI) of patients with hypothyroidism in these included
studies ranged from 24.7 to 30.2kg/m? which indicated the
abnormalities in energy expenditure in these hypothyroid
patients. However, in the analysis of patients with subclinical
hypothyroidism, combining results yielded no statistically
significant difference in irisin levels. In patients with hyper-
thyroidism, the pooling results implied no significant
differences either.

A high level of heterogeneity was found in these analyses,
and differences in clinical manifestations might be one
contributing reason. Patients with clinical-type thyroid dys-
function might suffer from higher risks of metabolic disorder,
as reflected by more prominent changes in irisin levels.
Patients with the subclinical type and the healthy control
group might not experience this dysregulation. Some studies
conducted in patients without thyroid dysfunction reported
no relationship between irisin and thyroid hormones [42,
43]. The duration of thyroid dysfunction might be another
reason. In Zybek-Kocik’s research, patients with long-
lasting autoimmune thyroiditis and thyroidectomised
subjects who were withdrawn from their levothyroxine treat-
ment were included. They concluded that only long-lasting
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TaBLE 3: Newcastle-Ottawa score of the included studies.

Selection Comparability Outcome/exposure Total
Ates 2016 % * * % 6
Panagiotou 2016 ok ok ok *k 8
Ruchala 2014 ook * o 5
Sahin 2018 ok * % ok ok 7
Stratigou 2018 ok ok s s ook o 8
Uc 2019 % * * % 6
Yalcin 2016 s s ok * 7
Yang 2019 * ok * % ok ok 7
Yasar 2019 * % * ok ok 6
Zybek-Kocik 2016 s s ook * % 6
Zybek-Kocik 2018 s ok * ok * % 6

w«, »

Note: each “«” present 1 point in the Newcastle-Ottawa score.

hypothyroidism results in significant decreases in irisin [35].
Four types of ELISA kits were used in these studies. Consid-
ering the large difference in irisin levels between studies,
skepticism regarding the quality of commercial ELISA kits
for irisin is justifiable. Most of our included studies used kits
from the Phoenix company. Although previous studies mea-
suring irisin levels using kits from different companies found
no difference [44, 45], the results from correlation analyses
indicated the possible influence of ELISA kits. The above rea-
sons might contribute to the heterogeneities between studies.
Beyond these possible contributing factors, differences in
metabolic status, physical activities, and eating habits might
also lead to heterogeneities between studies considering

irisin’s broad physiopathological functions and interactions
with other myokines [9, 39].

The results from correlation analyses including all partic-
ipants did not show associations between irisin and thyroid
hormones. However, after excluding the two heterogeneous
studies, we found possible associations of irisin levels with
thyroid hormones in patients with clinical-type thyroid dys-
function. Despite the heterogeneities and the small r value,
our findings indicated that a certain proportion of the thy-
roid hormone changes might be statistically explained by
circulating irisin levels. Similar to our findings, analyses of
irisin with bone mineral density and irisin with insulin resis-
tance index also revealed associations [44, 46]. The possible
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influence of age, metabolic status, exercise, and personal
medical histories could have potential effects. However, the
correlation coefficients were small. The weak associations
revealed by our research and others reflected a certain trend
in irisin levels in one kind of population, but the complexity
and variability of other influencing factors could not be ruled
out. As the best serological marker for the diagnosis of auto-
immune thyroiditis, serum TPOAb levels were elevated in
patients with hypothyroidism in our included studies. How-
ever, we did not find an association between TPOAb and
irisin. In patients with Graves’ disease, TRAb plays a key role
in the pathogenesis [47]. Our findings of the association
between irisin and TRAb reflected this clinical course. Of
note, irisin was found to have multiple physiopathological
functions with many chronic diseases. Our previously pub-
lished paper indicated the possible connection between irisin
level and osteoporosis in senior patients [22]. In fact, since
the discovery of irisin, several studies have been conducted
to examine its correlation with many metabolic diseases,
including polycystic ovary syndrome, diabetes, obesity, and
nonalcoholic fatty liver disease [48-52]. As a micromolecule,
irisin participates in many physiological processes. The
potential of irisin as a therapeutic and diagnostic target for
many metabolic diseases is still being explored.

Our current systematic review has several strengths. To
our knowledge, this is the first meta-analysis assessing circu-
lating irisin levels in patients with thyroid dysfunction. Most
of the included studies were of good quality based on the
NOS scoring system, which ensured the credibility of our
results. All the studies used matched controls for age, and
some studies used very detailed matching mechanisms.
Well-defined diagnostic criteria and reliable library tests in
the included studies guaranteed the reliability of our analyses
to some extent. Additionally, a correlation coefficient analysis
regarding both thyroid hormones and antibodies was per-
formed, providing evidence of the association between irisin
and thyroid function. However, some limitations should be
noted. First, due to the limited number of included studies,
only participants in Asian and European countries were
included, which may not reflect the association of irisin and
abnormal thyroid functions in other racial groups. Second,
the number of included studies with eligible data was rela-
tively small, especially in the analysis of irisin with thyroid
antibodies. The connection between irisin and hyperthyroid-
ism and subgroup analysis including patients with Graves’

disease and Hashimoto’s thyroiditis still need to be investi-
gated. Third, a high level of heterogeneity was found in most
of our analyses, possibly due to differences in participants’
race, metabolic status, and physical activities between studies.
However, most included studies did not evaluate these
parameters, which should be further explored in future stud-
ies. Fourth, the possibility of underreporting of negative find-
ings should not be ignored due to possible publication bias.
The results should be interpreted with caution due to these
limitations.

5. Conclusions

In conclusion, our meta-analysis revealed that circulating
irisin levels were lower in patients with hypothyroidism.
The correlation between irisin and thyroid hormones and
antibodies indicated the possible interplay between them in
regulating energy metabolism. Future studies should focus
on including more patients of different racial groups and
patients with subclinical types of thyroid dysfunctions. The
connection between irisin and thyroid antibodies should be
further explored. Studies with good control of all the con-
founding factors such as physical activity and metabolic
complications are also needed.

Conflicts of Interest

All the authors declare that they have no conflict of interest.

Acknowledgments

The study was funded by the Science and Technology
Department of Sichuan Province, Nos. 2020YJ0082 and
2019YJ0086.

References

[1] I.Klein and S. Danzi, “Thyroid disease and the heart,” Current

Problems in Cardiology, vol. 41, no. 2, pp. 65-92, 2016.

L. Chaker, A. C. Bianco, J. Jonklaas, and R. P. Peeters, “Hypo-

thyroidism,” Lancet, vol. 390, no. 10101, pp. 1550-1562, 2017.

[3] S.De Leo,S. Y. Lee, and L. E. Braverman, “Hyperthyroidism,”
Lancet, vol. 388, no. 10047, pp- 906-918, 2016.

[4] A. G. Madariaga, S. S. Palacios, F. Guillén-Grima, and J. C.
Galofré, “The incidence and prevalence of thyroid dysfunction
in Europe: a meta-analysis,” The Journal of Clinical Endocri-
nology and Metabolism, vol. 99, no. 3, pp. 923-931, 2014.

[5] J. G. Hollowell, N. W. Staehling, W. D. Flanders et al., “Serum
TSH, T4, and thyroid antibodies in the United States popula-
tion (1988 to 1994): National Health and Nutrition Examina-
tion Survey (NHANES III),” The Journal of Clinical
Endocrinology and Metabolism, vol. 87, no. 2, pp. 489-499,
2002.

[6] W. Teng, X. Xing, and N. Tong, Epidemiological study of
hyperthyroidism in China: results from 10 cities, 2014.

[7] M.P. Vanderpump and W. M. Tunbridge, “Epidemiology and
prevention of clinical and subclinical hypothyroidism,” Thy-
roid : official journal of the American Thyroid Association,
vol. 12, no. 10, pp. 839-847, 2002.

[2

_—



10

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

P. Caturegli, A. De Remigis, and N. R. Rose, “Hashimoto thy-
roiditis: clinical and diagnostic criteria,” Autoimmunity
Reviews, vol. 13, no. 4-5, pp. 391-397, 2014.

G. Colaianni, S. Cinti, S. Colucci, and M. Grano, “Irisin and
musculoskeletal health,” Annals of the New York Academy of
Sciences, vol. 1402, no. 1, pp. 5-9, 2017.

M. O. Mahgoub, C. D’Souza, R. S. M. H. al Darmaki, M. M. Y.
H. Baniyas, and E. Adeghate, “An update on the role of irisin in
the regulation of endocrine and metabolic functions,” Peptides,
vol. 104, pp. 15-23, 2018.

P. Bostrom, J. Wu, M. P. Jedrychowski et al.,, “A PGCl-a-
dependent myokine that drives brown-fat-like development
of white fat and thermogenesis,” Nature, vol. 481, no. 7382,
Pp. 463-468, 2012.

S. A. Polyzos, A. D. Anastasilakis, Z. A. Efstathiadou et al., “Iri-
sin in metabolic diseases,” Endocrine, vol. 59, no. 2, pp. 260-
274, 2018.

H. Askari, S. F. Rajani, M. Poorebrahim, H. Haghi-Aminjan,
E. Raeis-Abdollahi, and M. Abdollahi, “A glance at the ther-
apeutic potential of irisin against diseases involving inflam-
mation, oxidative stress, and apoptosis: an introductory
review,” Pharmacological Research, vol. 129, pp. 44-55,
2018.

T. C. L. Bargut, V. Souza-Mello, M. B. Aguila, and C. A.
Mandarim-de-Lacerda, “Browning of white adipose tissue:
lessons from experimental models,” Hormone Molecular
Biology and Clinical Investigation, vol. 31, no. 1, 2017.

M. Oliveira, L. S. Mathias, M. T. De Sibio et al.et al., “88th
Annual Meeting of the American Thyroid Association,” Thy-
roid : official journal of the American Thyroid Association,
vol. 28, no. S1, 2018.

M. de Oliveira, L. S. Mathias, B. M. Rodrigues et al., “The roles
of trilodothyronine and irisin in improving the lipid profile
and directing the browning of human adipose subcutaneous
cells,” Molecular and Cellular Endocrinology, vol. 506, article
110744, 2020.

E. Atici, E. Menevse, A. K. Baltaci, and R. Mogulkoc, “Both
experimental hypothyroidism and hyperthyroidism increase
cardiac irisin levels in rats,” Bratislava Medical Journal-
Bratislavske Lekarske Listy, vol. 119, no. 1, pp. 32-35, 2018.

S. Tekin, Y. Erden, F. Ozyalin et al., “Central irisin administra-
tion suppresses thyroid hormone production but increases
energy consumption in rats,” Neuroscience Letters, vol. 674,
pp. 136-141, 2018.

E. Atici, R. Mogulkoc, A. K. Baltaci, and E. Menevse, “Both
hypothyroidism and hyperthyroidism increase plasma irisin
levels in rats,” Hormone Molecular Biology and Clinical Inves-
tigation, vol. 33, 2018.

D. F. Stroup, J. A. Berlin, S. C. Morton et al., “Meta-analysis of
observational studies in epidemiology: a proposal for report-
ing. Meta-analysis Of Observational Studies in Epidemiology
(MOOSE) group,” JAMA, vol. 283, no. 15, pp. 2008-2012,
2000.

D. Moher, A. Liberati, J. Tetzlaff, D. G. Altman, and PRISMA
Group, “Preferred reporting items for systematic reviews and
meta-analyses: the PRISMA statement,” International journal
of surgery, vol. 8, no. 5, pp. 336-341, 2010.

K. Zhou, X. Qiao, Y. Cai, A. Li, and D. Shan, “Lower circulating
irisin in middle-aged and older adults with osteoporosis: a sys-
tematic review and meta-analysis,” Menopause, vol. 26, no. 11,
pp. 1302-1310, 2019.

(23]

(24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

BioMed Research International

J. R. Garber, R. H. Cobin, H. Gharib et al., “Clinical practice
guidelines for hypothyroidism in adults: cosponsored by the
American Association of Clinical Endocrinologists and the
American Thyroid Association,” Thyroid : official journal of
the American Thyroid Association, vol. 22, no. 12, pp. 1200-
1235, 2012.

D. S. Ross, H. B. Burch, D. S. Cooper et al., “American
Thyroid Association guidelines for diagnosis and manage-
ment of hyperthyroidism and other causes of thyrotoxico-
sis,” Thyroid : official journal of the American Thyroid
Association, vol. 26, 2016.

J. P. T. Higgins and S. Green, Eds., Cochrane Handbook for
Systematic Reviews of Interventions Version 5.1.0 [updated
March 2011], The Cochrane Collaboration, 2011, http://www
.cochrane-handbook.org.

S. P. Hozo, B. Djulbegovic, and I. Hozo, “Estimating the mean
and variance from the median, range, and the size of a sample,”
BMC Medical Research Methodology, vol. 5, no. 1, article 13,
2005.

J. P. T. Higgins, S. G. Thompson, J. J. Deeks, and D. G. Altman,
“Measuring inconsistency in meta-analyses,” BM]J, vol. 327,
no. 7414, pp. 557-560, 2003.

1. Ates, M. Altay, C. Topguoglu, and F. M. Yilmaz, “Circulating
levels of irisin is elevated in hypothyroidism, a case-control
study,” Archives of endocrinology and metabolism, vol. 60,
no. 2, pp. 95-100, 2016.

M. §ahin, A. G. Canpolat, D. Corapgioglu, U. Canpolat,
R. Emral, and A. R. Uysal, “Association between circulating
irisin levels and epicardial fat in patients with treatment-
naive overt hyperthyroidism,” Biomarkers : biochemical indi-
cators of exposure, response, and susceptibility to chemicals,
vol. 23, no. 8, pp. 742-747, 2018.

Z. A. Uc, S. Gorar, S. Mizrak, and S. Gullu, “Irisin levels
increase after treatment in patients with newly diagnosed
Hashimoto thyroiditis,” Journal of Endocrinological Investiga-
tion, vol. 42, no. 2, pp. 175-181, 2019.

M. M. Yalcin, M. Akturk, Y. Tohma et al., “Irisin and myosta-
tin levels in patients with Graves' disease,” Archives of Medical
Research, vol. 47, no. 6, pp. 471-475, 2016.

H.Y. Yasar, M. Demirpence, A. Colak et al., “Serum irisin and
apelin levels and markers of atherosclerosis in patients with
subclinical hypothyroidism,” Archives of endocrinology and
metabolism, vol. 63, no. 1, pp. 16-21, 2019.

M. Ruchala, A. Zybek, and E. Szczepanek-Parulska, “Serum
irisin levels and thyroid function-newly discovered associa-
tion,” Peptides, vol. 60, pp. 51-55, 2014.

A. Zybek-Kocik, N. Sawicka-Gutaj, E. Szczepanek-Parulska
et al., “The association between irisin and muscle metabolism
in different thyroid disorders,” Clinical Endocrinology,
vol. 88, no. 3, pp. 460-467, 2018.

A. Zybek-Kocik, N. Sawicka-Gutaj, E. Wrotkowska,
J. Sowinski, and M. Ruchata, “Time-dependent irisin concen-
tration changes in patients affected by overt hypothyroid-
ism,” Endokrynologia Polska, vol. 67, no. 5, pp. 476-480,
2016.

G. Panagiotou, K. Pazaitou-Panayiotou, S. A. Paschou et al.,
“Changes in thyroid hormone levels within the normal and/or
subclinical hyper- or hypothyroid range do not affect circulat-
ing irisin levels in humans,” Thyroid : official journal of the
American Thyroid Association, vol. 26, no. 8, pp. 1039-1045,
2016.


http://www.cochrane-handbook.org
http://www.cochrane-handbook.org

BioMed Research International

(37]

(38]

(39]

(40]

[41]

[42]

[43]

(44]

(45]

(46]

[47]

(48]

(49]

(50]

(51]

(52]

T. Stratigou, M. Dalamaga, G. Antonakos et al., “Hyperirisine-
mia is independently associated with subclinical hypothyroid-
ism: correlations with cardiometabolic biomarkers and risk
factors,” Endocrine, vol. 61, no. 1, pp. 83-93, 2018.

N. Yang, H. Zhang, X. Gao et al,, “Role of irisin in Chinese
patients with hypothyroidism: an interventional study,” The
Journal of international medical research, vol. 47, no. 4,
pp. 1592-1601, 2019.

A. B. Crujeiras, M. Pardo, and F. F. Casanueva, “Irisin: 'fat' or
artefact,” Clinical Endocrinology, vol. 82, no. 4, pp. 467-474,
2015.

D. M. Samy, C. A. Ismail, and R. A. Nassra, “Circulating irisin
concentrations in rat models of thyroid dysfunction - effect of
exercise,” Metabolism, vol. 64, pp. 804-813, 2015.

D. Khandelwal and N. Tandon, “Overt and subclinical hypo-
thyroidism: who to treat and how,” Drugs, vol. 72, no. 1,
pp. 17-33, 2012.

S. Ellefsen, O. Vikmoen, G. Slettalgkken et al., “Irisin and
ENDCS5: effects of 12-week strength training, and relations to
muscle phenotype and body mass composition in untrained
women,” European Journal of Applied Physiology, vol. 114,
no. 9, pp. 1875-1888, 2014.

1. Gouni-Berthold, H. K. Berthold, J. Y. Huh et al., “Effects of
lipid-lowering drugs on irisin in human subjects in vivo and
in human skeletal muscle cells ex vivo,” PLoS One, vol. 8,
no. 9, article 72858, 2013.

S. Qiu, X. Cai, H. Yin et al,, “Association between circulating
irisin and insulin resistance in non-diabetic adults: a meta-
analysis,” Metabolism, vol. 65, no. 6, pp. 825-834, 2016.

H.Y. Choi, S. Kim, J. W. Park et al., “Implication of circulating
irisin levels with brown adipose tissue and sarcopenia in
humans,” The Journal of Clinical Endocrinology and Metabo-
lism, vol. 99, no. 8, pp. 2778-2785, 2014.

V. Singhal, E. A. Lawson, K. E. Ackerman et al.,, “Irisin levels
are lower in young amenorrheic athletes compared with eume-
norrheic athletes and non-athletes and are associated with
bone density and strength estimates,” PLoS One, vol. 9, no. 6,
article €100218, 2014.

A. Hesarghatta Shyamasunder and P. Abraham, “Measuring
TSH receptor antibody to influence treatment choices in
Graves' disease,” Clinical Endocrinology, vol. 86, no. 5,
pp. 652-657, 2017.

S. I. Briganti, G. Gaspa, G. Tabacco et al., “Irisin as a regulator
of bone and glucose metabolism: a narrative review,” Minerva
Endocrinologica, vol. 43, 2017.

X. Cai, S. Qiu, L. Li, M. Zugel, J. M. Steinacker, and
U. Schumann, “Circulating irisin in patients with polycystic
ovary syndrome: a meta-analysis,” Reproductive Biomedicine
Online, vol. 36, no. 2, pp. 172-180, 2018.

N. Chen, Q. Li, J. Liu, and S. Jia, “Irisin, an exercise-induced
myokine as a metabolic regulator: an updated narrative
review,” Diabetes/Metabolism Research and Reviews, vol. 32,
no. 1, pp. 51-59, 2016.

X. L. Du, W. X. Jiang, and Z. T. Lv, “Lower circulating irisin
level in patients with diabetes mellitus: a systematic review
and meta-analysis,” Hormone and metabolic research, vol. 48,
no. 10, pp. 644-652, 2016.

W. Guo, B. Zhang, and X. Wang, “Lower irisin levels in coro-
nary artery disease: a meta-analysis,” Minerva Endocrinolo-
gica, vol. 45, no. 1, pp. 61-69, 2020.

11



	Circulating Irisin Level and Thyroid Dysfunction: A Systematic Review and Meta-Analysis
	1. Introduction
	2. Materials and Methods
	2.1. Search Strategy and Selection Criteria
	2.2. Data Extraction and Quality Assessment
	2.3. Statistical Analysis

	3. Results
	3.1. Characteristics of the Included Studies
	3.2. Irisin Levels in Patients with Hypothyroidism
	3.3. Irisin Levels in Patients with Subclinical Hypothyroidism (SCH) and Patients with Clinical Hypothyroidism
	3.4. Irisin Levels in Patients with Hypothyroidism Caused by Autoimmune Disease
	3.5. Irisin Levels in Patients with Hypothyroidism after Levothyroxine Treatment
	3.6. Irisin Levels in Patients with Hyperthyroidism
	3.7. Correlation of Irisin with Thyroid Hormones
	3.8. Correlation of Irisin and Thyroid Antibodies
	3.9. Assessment of Publication Bias and Sensitivity Analysis
	3.10. Assessment of the Quality of the Included Studies

	4. Discussion
	5. Conclusions
	Conflicts of Interest
	Acknowledgments

