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Role of irisin in Chinese
patients with hypothyroidism:
an interventional study
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Abstract

Objective: Irisin is a myokine that greatly affects energy expenditure and systemic metabolism.

While thyroid hormone is likely associated with irisin, a direct relationship remains to be fully

elucidated. This study aimed to investigate plasma irisin levels in Chinese patients with

hypothyroidism.

Methods: A total of 155 subjects were divided into the hypothyroidism group or the control

group. Fifty-seven patients in the hypothyroidism group received levothyroxine treatment.

Baseline irisin levels were measured in the two groups and post-treatment levels were measured

in the hypothyroidism group.

Results: Irisin levels were significantly lower in the hypothyroidism group than in the control

group. In the hypothyroidism group, irisin levels were positively associated with free triiodothy-

ronine and free thyroxine levels, and negatively associated with thyrotropin levels. In the hypo-

thyroidism group, irisin levels were significantly increased after levothyroxine treatment. Multiple

linear regression models showed that total cholesterol and free thyroxine levels were the only

significant predictors of serum irisin levels.

Conclusions: Irisin levels are decreased in patients with hypothyroidism. Our results suggest

that decreased irisin levels are directly associated with reduced thyroid hormone levels. These

values may be restored after levothyroxine treatment in Chinese patients with hypothyroidism.

Keywords

Irisin, hypothyroidism, thyroid hormone, creatine kinase, myokine, levothyroxine

Date received: 1 September 2018; accepted: 20 December 2018

Department of Endocrinology, Beijing Chaoyang Hospital,

Capital Medical University, Beijing, China

Corresponding author:

Guang Wang, Department of Endocrinology, Beijing

Chaoyang Hospital, Capital Medical University, Beijing,

China.

Email: drwg6688@aliyun.com

Journal of International Medical Research

2019, Vol. 47(4) 1592–1601

! The Author(s) 2019

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0300060518824445

journals.sagepub.com/home/imr

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which

permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is

attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

http://orcid.org/0000-0002-6467-4560
mailto:drwg6688@aliyun.com
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060518824445
journals.sagepub.com/home/imr


Introduction

Irisin is a specific myokine that is signifi-

cantly increased after exercise training and

may play a role in regulating whole-body

energy expenditure.1,2 Researchers have

proposed several physiological functions

of irisin. Irisin can promote brown adipo-

cyte recruitment in white fat by increasing

energy expenditure.1–3 Irisin can also affect

lipid metabolism4–5 and modulate glucose

and glucose-related effects in several meta-

bolic diseases.6–7 Hypothyroidism is a

disorder of the endocrine system that results

from low production of thyroid hormone

from the thyroid gland. This leads to

metabolic dysfunction because thyroid

hormone is an essential regulator of

glucose–lipid metabolism and energy

homeostasis.8–10

Our previous study showed a relation-

ship between expression of fibroblast

growth factor 21 and metabolic disorders,11

which indicated that patients with hypothy-

roidism had insulin resistance and abnor-

mal blood lipid levels.12,13 Lin et al.14

found that thyroid hormone could induce

browning of white fat through thyroid hor-

mone receptors (TRs), and this was accom-

panied by increased expression of uncoupling

protein 1 (UCP1). Furthermore, several

researchers have reported that irisin signifi-

cantly affects metabolism by inducing

browning of subcutaneous white adipocytes

through increased UCP1 expression and

subsequent stimulation of oxygen consump-

tion and thermogenesis.1–3 Irisin and thy-

roid hormone are involved in adipogenesis

of white adipose tissue and brown adipose

tissue.15–17 While a few studies have inves-

tigated the relationship between circulating

irisin and decreased thyroid hormone levels

in patients with hypothyroidism, the results

have been varied with no clear findings.18–22

Therefore, the present study aimed to

investigate the relationship between irisin

and thyroid hormone levels in Chinese
patients with hypothyroidism.

Materials and methods

Subjects

Initially, 103 patients with primary overt

hypothyroidism were recruited from the
Department of Endocrinology at Beijing
Chaoyang Hospital from January 2013 to

December 2014. To diagnose primary
hypothyroidism, blood tests were per-

formed for each patient to assess their
levels of free triiodothyronine (FT3), free
thyroxine (FT4), and thyrotropin (TSH).

Those patients with a preexisting cardiovas-
cular disease, diabetes mellitus, renal dis-
ease, or other endocrine diseases were

excluded from this study. After 26 patients
were excluded from the study on the basis of

these criteria, 77 patients were enrolled in the
hypothyroidism group. The control group
included 78 healthy subjects who were vol-

unteers from the Physical Examination
Center at Beijing Chaoyang Hospital.

Subjects in the hypothyroidism and control
groups were office workers or retirees, all of
who experienced light manual labor. The

study protocol was designed according to
the Declaration of Helsinki guidelines and

approved by the Medical Ethics Committee
of Beijing Chaoyang Hospital. Before the
study, written informed consent was

obtained from all patients, and those indi-
viduals in the hypothyroidism group were
informed about the potential effects associ-

ated with levothyroxine treatment.

Sample collection

General demographic information and phys-
ical data were collected from all patients.
The patients were asked to only wear under-

wear for the height and weight measure-
ments, which were measured to the nearest
0.5 cm and 0.1kg, respectively. After fasting
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overnight, baseline and post-treatment
blood samples were collected from a periph-
eral vein of each patient. The samples were
subjected to routine analyses, which includ-
ed measurement of irisin, total cholesterol
(CHOL), high-density lipoprotein cholester-
ol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), triglycerides (TG), creatine
kinase (CK), fasting blood (plasma) glucose
(FPG), FT3, FT4, and TSH.

The patients with hypothyroidism received
levothyroxine treatment. After treatment,
normal thyroid function was restored in
57 of the patients during the following
12 months. The measurements were repeated
after the euthyroid state was achieved.

Data collection and laboratory tests

The height and weight of patients were
measured by the same trained group. The
body mass index (BMI) was calculated as
the weight in kilograms divided by the height
in meters squared. In our previous study,
serum irisin levels were accurately measured
using a highly quantitative enzyme-linked
immunosorbent assay (ELISA) kit from
Phoenix Pharmaceuticals Science, Inc.
(Burlingame, CA, USA). An automated
ELISA reader was used to quantify the
results (Varioskan Flash Spectral Scanning
Multimode Reader; Thermo Fisher
Scientific, Waltham, MA, USA). Irisin levels
in the two measurements were consistent.23

Therefore, in the present study, serum irisin
levels were measured using an ELISA kit.
CHOL, HDL-C, LDL-C, TG, CK, and
FPG levels were measured using the Dade-
Behring Dimension RXL Autoanalyzer
(Siemens Healthcare Diagnostics, Marburg,
Germany). The reference intervals for
CHOL, HDL-C, LDL-C, TG, CK, and
FPG were 3.62 to 5.70mmol/L, 1.03 to
1.55mmol/L, 1.81 to 3.36mmol/L, 0.56
to 2.26mmol/L, 38 to 174U/L, and 3.3 to
6.1mmol/L, respectively. FT3, FT4, and
TSH levels were measured by an

electrochemiluminescence immunoassay tech-
nique using the Abbott Architect i2000
(Abbott Diagnostics, Abbott Park, IL,
USA). The reference intervals for FT3, FT4,
and TSH were 1.71 to 3.71pg/mL, 0.70 to
1.48 ng/dL, and 0.35 to 4.94mIU/mL,
respectively.

Statistical analysis

All statistical analyses were performed
using the Statistical Package for the Social
Sciences software package (Version 17.0,
SPSS Inc., Chicago, IL, USA). Data are
expressed as the mean� standard deviation,
except for TG and CK, which did not
follow a normal distribution and are
expressed as medians (upper and lower
quartiles). Comparisons between the con-
trol group and the hypothyroidism group
were carried out using the independent sam-
ples test or the Mann–Whitney U test.
Associations between baseline levels of
irisin and the other baseline parameters
were examined using Pearson’s or
Spearman’s rank correlation analyses and
multiple linear regression analysis.
Changes between baseline and post-
treatment values were evaluated using the
paired samples test or the two-related-
samples tests. Different irisin levels among
the control group and the hypothyroidism
group at baseline and post-treatment were
analyzed using analysis of variance.
Multiple linear regression analysis was used
to show the factors associated with changes
in irisin levels in patients with hypothyroid-
ism after levothyroxine treatment. All tests
were two-tailed and P values< 0.05 were
considered statistically significant.

Results

Clinical characteristics of the study
participants

The characteristics and laboratory exami-
nation values of the participants are
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shown in Table 1. CHOL, HDL-C, LDL-C,

TG, CK, and TSH levels in the control

group were significantly lower than those

in the hypothyroidism group (CHOL,

LDL-C, TG, CK, and TSH, all P< 0.01;

HDL-C, P< 0.05). FT3 and FT4 levels

were significantly higher in the control

group than in the hypothyroidism group

(both P< 0.001). Irisin levels were signifi-

cantly lower in the hypothyroidism group

than in the control group (P¼ 0.011).

There were no significant differences in the

sex, age, height, weight, BMI, or FBG

between the two groups.

Correlations between irisin and

other variables

No correlations were found between irisin

and other variables in the control group

(Table 2). In the hypothyroidism group,

plasma irisin levels were positively

associated with FT3 (r¼ 0.239, P¼ 0.036)

and FT4 levels (r¼ 0.456, P< 0.001), and

negatively associated with CHOL

(r¼�0.429, P< 0.001), LDL-C (r¼
�0.383, P¼ 0.001), TG (r¼�0.284,

P¼ 0.012), and TSH levels (r¼�0.408,

P< 0.001). There was no detectable rela-

tionship between irisin and CK in either

group. Multiple linear regression analysis

was performed to determine the parameters

that were independently associated with

irisin levels in the hypothyroidism group.

We found that CHOL and FT4 levels

were the only significant predictors of

serum irisin levels (CHOL: b¼�0.311,

P¼ 0.004; FT4: b¼ 0.352, P¼ 0.001).

Changes in metabolic parameters and

irisin levels after levothyroxine treatment

During the 12 months of levothyroxine

treatment, 57 patients with hypothyroidism

Table 1. General information and clinical characteristics of the subjects.

Control group

(n¼ 78)

Hypothyroidism group

(n¼ 77) P value

Sex (M/F) 12/66 14/63 0.641

Age, years 44.74� 13.92 41.97� 12.70 0.198

Height, m 1.63� 0.06 1.63� 0.07 0.925

Weight, kg 62.68� 10.06 65.41� 9.25 0.081

BMI, kg/m2 23.76� 3.81 24.74� 3.20 0.085

CHOL, mmol/L 4.94� 0.98 6.32� 1.81 <0.001

HDL-C, mmol/L 1.54� 0.36 1.68� 0.47 0.033

LDL-C, mmol/L 2.84� 0.72 3.58� 1.19 <0.001

TG, mmol/L 1.18 (0.73–1.56) 1.49 (0.97–2.29) 0.006

CK, U/L 84.00 (68.75–100.00) 261.00 (125.00–542.50) <0.001

FBG, mmol/L 4.90� 0.70 4.90� 0.72 0.968

FT3, pg/mL 2.91� 0.42 1.73� 0.62 <0.001

FT4, ng/dL 1.10� 0.11 0.47� 0.11 <0.001

TSH, uIU/mL 2.37� 1.16 81.22� 22.96 <0.001

Irisin, ng/mL 54.08� 25.79 44.09� 22.24 0.011

Data are expressed as mean� standard deviation unless indicated otherwise. TG and CK are shown as the median (upper

and lower quartiles). M: male; F: female; BMI: body mass index; CHOL: total cholesterol; HDL-C: high-density lipoprotein

cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglycerides; CK: creatine kinase; FBG: fasting blood glucose;

FT3: free triiodothyronine; FT4: free thyroxine; TSH: thyrotropin.
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completed the study. These patients
received an average dose of 101.75 mg/day
levothyroxine to achieve a euthyroid state.

BMI and levels of CHOL, HDL-C, LDL-C,

TG, CK, and TSH were decreased after lev-

othyroxine treatment, while FT3 and FT4

levels were increased after treatment com-
pared with baseline values (all P< 0.05,

Table 3). Plasma irisin levels were also sig-

nificantly increased in hypothyroid patients

after levothyroxine treatment compared

with baseline values (P¼ 0.001, Table 3,
Figure 1). Different irisin levels in the con-

trol and hypothyroidism groups (baseline

and post-treatment) were analyzed using

analysis of variance. Baseline irisin levels

were lower in the control group than base-

line levels in the hypothyroidism group
(P< 0.05). However, there was no signifi-

cant difference in irisin levels between the

control group and post-treatment

hypothyroidism group (53.56� 29.38 vs.

54.08� 25.79 ng/mL, Figure 1).

Linear regression analysis of factors

associated with the change in irisin levels

in patients with hypothyroidism

After adjusting for changes in BMI, and

CHOL, HDL-C, LDL-C, TG, CK, FPG,

FT3, FT4, and TSH levels, a change in

TSH levels was the only significant predic-

tor of increased irisin levels in patients with

hypothyroidism after levothyroxine treat-

ment (b¼�0.361, P¼ 0.006).

Discussion

Muscle tissue has recently been recognized

as an important regulator of lipid and glu-

cose metabolism. Irisin is a type of myokine

that is cleaved and secreted from fibronectin

Table 2. Correlations between irisin levels and patients’ characteristics, blood lipids, and thyroid function
indices in the control group and hypothyroidism group.

Parameters

Control group (n¼ 78)

Hypothyroidism group (n¼ 77)

Multiple regression

r P value r P value b P value

Age, years 0.165 0.150 0.208 0.069

BMI, kg/m2 0.019 0.867 �0.129 0.264

CHOL, mmol/L �0.003 0.978 �0.429 <0.001 �0.311 0.004

HDL-C, mmol/L �0.009 0.938 �0.196 0.088

LDL-C, mmol/L 0.001 0.988 �0.383 0.001

TG, mmol/L 0.043 0.709 �0.284 0.012

CK, U/L �0.100 0.385 0.037 0.748

FBG, mmol/L �0.182 0.110 �0.136 0.238

FT3, pg/mL 0.087 0.447 0.239 0.036

FT4, ng/dL �0.122 0.286 0.456 <0.001 0.352 0.001

TSH, mIU/mL 0.054 0.636 �0.408 <0.001

Pearson rank correlation was used to assess the correlations between irisin levels and the patients’ characteristics, blood

lipid levels, and thyroid function indices in the two groups. TG and CK levels were analyzed by Spearman’s rank correlation

to assess their correlation with irisin levels. The parameters were included in multiple linear regression analysis. M: male;

F: female; BMI: body mass index; CHOL: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-

density lipoprotein cholesterol; TG: triglycerides; CK: creatine kinase; FBG: fasting blood glucose; FT3: free triiodothy-

ronine; FT4: free thyroxine; TSH: thyrotropin.
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type III domain-containing protein 5. Irisin
is regulated by the peroxisome proliferator-
activated receptor-c coactivator 1-a
(PGC1-a), which upregulates UCP1 expres-
sion and induces brown fat-like

development.1 This then promotes thermo-
genesis, increases total energy expenditure,
decreases obesity, increases lipid metabo-
lism, and modulates glucose metabolism.1–7

Hypothyroidism, one of the most common
endocrine diseases worldwide, may be asso-
ciated with several metabolic disorders.
Consistent with other studies, our results
showed that hypothyroidism may be asso-
ciated with metabolic imbalance, abnormal
energy homeostasis, oxidative stress,
and insulin resistance.11–13,24–26 Thyroid
hormones regulate energy expenditure and
glucose–lipid metabolism, both of which
are also regulated by irisin. The relationship
between irisin and thyroid disorders is
thought to be highly complex and multifac-
eted because findings from previous studies
have often been inconclusive.18–22,27–29

To the best of our knowledge, this is the
first report to describe the association
between decreased plasma irisin levels and
decreased thyroid hormone levels, which is
not related to CK levels. Irisin levels could
be restored to normal levels after

Table 3. Comparison of clinical parameters after levothyroxine treatment in patients with hypothyroidism.

Hypothyroidism group (n¼ 57)

P valueBaseline After treatment

Sex (M/F) 11/46

Age, years 42.25� 13.24

Weight, kg 66.06� 8.94 63.84� 8.36 <0.001

BMI, kg/m2 24.88� 3.19 24.04� 2.92 <0.001

CHOL, mmol/L 6.50� 1.92 4.65� 0.91 <0.001

HDL-C, mmol/L 1.74� 0.49 1.43� 0.32 0.015

LDL-C, mmol/L 3.75� 1.21 2.68� 0.89 <0.001

TG, mmol/L 1.43 (0.96–2.03) 1.09 (0.79–1.34) <0.001

CK, U/L 242.00 (122.50–604.50) 87.00 (63.50–158.00) <0.001

FBG, mmol/L 4.92� 0.67 4.83� 0.52 0.297

FT3, pg/mL 1.78� 0.66 2.97� 0.53 <0.001

FT4, ng/dL 0.48� 0.11 1.20� 0.19 <0.001

TSH, uIU/ml 79.88� 24.30 2.88� 1.50 <0.001

Irisin, ng/mL 43.63� 24.44 53.56� 29.38 0.001

BMI: body mass index; CHOL: total cholesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density

lipoprotein cholesterol; TG: triglycerides; CK: creatine kinase; FBG: fasting blood glucose; FT3: free triiodothyronine;

FT4: free thyroxine; TSH: thyrotropin.

Figure 1. Graph showing plasma irisin levels at
baseline, after levothyroxine treatment, and in the
control group. Plasma irisin levels were significantly
lower at baseline than in the control group or after
treatment. There was no significant difference in
plasma irisin levels between the control group and
after treatment. Values are expressed as mean
� standard deviation.
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levothyroxine treatment in Chinese hypo-
thyroid patients.

We found that irisin levels were signifi-
cantly lower in patients with hypothyroid-
ism than in healthy participants.
Additionally, irisin levels were positively
associated with FT3 and FT4 levels, and
negatively associated with TSH levels.
FT4 was a significant predictor of serum
irisin levels. After thyroid hormone levels
were restored to normal levels by levothyr-
oxine treatment, irisin levels also increased
to the normal range. Our findings are in
agreement with several previous stud-
ies.18,19 However, increased irisin levels
have only been observed in short-term stud-
ies using patients with mild hypothyroidism
or subclinical hypothyroidism.20–22 A study
by Panagiotou et al.20 followed 34 patients
who were under replacement therapy
with levothyroxine. However, these
patients stopped levothyroxine treatment
and replaced it with T3 for 3 weeks before
completely stopping treatment for 2 weeks.
In this manner, iatrogenic hypothyroidism
was induced and higher irisin levels were
observed in the patients. Elevated irisin
levels have been detected in patients with
mild hypothyroidism (average TSH level:
13.1 mIU/mL) and subclinical hypothyroid-
ism.21,22 Therefore, our results cannot be
directly compared with previous findings
because patients from this study had prima-
ry overt hypothyroidism. Atici et al.27,28

found that irisin levels were increased in
rats with hypothyroidism and hyperthy-
roidism. Short-term iatrogenic hypothy-
roidism was induced by daily
intraperitoneal administration of 6-N-
propyl-2-thiouracil (10 mg/kg/day) for 3
weeks. Irisin levels in the hypothyroidism
group were lower than those in the hyper-
thyroidism group, which suggested that
irisin levels were strongly correlated with
thyroid hormone levels. In our study, cor-
relation analyses showed that irisin levels
were positively associated with FT3 and

FT4 levels, and negatively associated with
TSH levels.27,28 This finding is consistent
with that by Şahin et al.’s study29 of
patients with overt hypothyroidism.

Thyroid hormone acts through nuclear
thyroid TRs to regulate expression of sev-
eral genes, including PGC-1a.30 PGC-1a is
a strong coactivator of TRs,31 and it is
likely an important factor that mediates
some of the effects of thyroid hormone.
There is evidence suggesting that thyroid
hormone induces PGC-1a expression in sev-
eral organs.32–34 Consistent with these
reports, our study suggests that decreased
thyroid hormone levels lead to reduced
plasma irisin levels through regulation of
PGC-1a.

In our study, CK levels were significantly
increased in the hypothyroidism group.
While several studies have suggested that
irisin is closely associated with CK,18,19 we
did not find any relationship between irisin
and CK levels. Anastasilakis et al.35 found
that decreased irisin levels in patients with
myocardial infarction were independently
associated with CK and CK-myocardial
band isoenzyme. This finding suggested
that irisin was not a passive product, but
an energetically secreted molecule. In
another study, Zybek-Kocik et al.18

showed that irisin levels were not associated
with other markers of muscular dysfunc-
tion, such as dystrophin and titin.36,37

Recent research also showed no correlation
between irisin and CK levels in patients
with hyperthyroidism.29 Therefore, irisin
and CK might be regulated independently,
and decreased irisin levels are not an indi-
cator of muscle damage in patients with
hypothyroidism.

Consistent with other studies, our previ-
ous work showed that most patients with
hypothyroidism have abnormal blood lipid
profiles.8–10,13 In the present study, we also
found elevated blood lipid levels in patients
with hypothyroidism. We also observed
that circulating irisin levels were negatively
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associated with CHOL, LDL-C, and TG

levels. Additionally, CHOL was a significant

predictor of serum irisin levels. These find-

ings are in agreement with previous studies

that demonstrated a relationship between

irisin and lipid metabolism in other disease

models.38,39 The mechanism by which irisin

improves lipid metabolism may be its sup-

pression of CHOL and TG synthesis in hep-

atocytes.40,41 These findings suggest that

irisin is one of the factors of dyslipidemia

in patients with hypothyroidism.
This study has some limitations. First,

we were unable to evaluate PGC-1a and

fibronectin type III domain-containing pro-

tein 5 expression in patients with hypothy-

roidism before and after levothyroxine

treatment. These data could have strongly

supported our conclusions. Second, the

relationship between irisin and lipid metab-

olism is complex and more evidence is

required to explain our conclusions in

patients with hypothyroidism.
In summary, we found that decreased

irisin levels are associated with decreased

thyroid hormone levels in Chinese patients

with hypothyroidism. Thyroid hormone

levels are restored to normal after levothyr-

oxine treatment. Additional research is

required to better understand the physiolo-

gy and pathophysiology of irisin, especially

to investigate its role in lipid metabolism.
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