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Introduction
Thyroid hormones participate in important bio-
logical functions in the body and have key roles in 
determining growth, development, and energy 
metabolism. Muscle is the main target of thyroid 
hormone signal transduction. Triiodothyronine 
(T3) binds to thyroid hormone nuclear receptor 
and participates in muscle development, homeo-
stasis, and regeneration.1 Obvious thyroid dys-
function is an inducing factor for muscle wasting,2 
and even subclinical thyroid dysfunction has an 

adverse impact on muscle based on observed 
decreases in the muscle cross-sectional area in 
patients with subclinical hyperthyroidism or 
hypothyroidism.2,3 Thyroid hormones also coor-
dinate endochondral ossification, regulate the 
number and activity of osteoblasts and osteo-
clasts, and participate in bone development and 
maintenance.4 Excessive thyroid hormones lead 
to enhanced osteoclast activity and osteoporosis.5 
Patients with hypothyroidism have a two- to 
threefold increased risk of fractures.6 In euthyroid 
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postmenopausal women, thyroid function at the 
upper limit of the normal range is associated with 
reduced bone mineral density (BMD).7

In patients with type 2 diabetes mellitus (T2DM), 
low muscle mass and osteoporosis are common 
complications. A cross-sectional survey showed 
that the prevalence of sarcopenia was 14.4% in 
Chinese T2DM patients.8 In addition, a meta-
analysis demonstrated that the prevalence of oste-
oporosis in T2DM patients was significantly 
increased in China, at 44.8% in women and 
37.0% in men.9 The state of muscle and bone in 
T2DM patients is influenced by many factors, 
including hormones, drugs, and complications. 
There is little research on the relationships of thy-
roid hormones with muscle and bone in euthyroid 
T2DM patients.

The aim of this study was to investigate the rela-
tionships of thyroid hormones with muscle and 
bone in euthyroid T2DM patients.

Materials and methods

Study design and participants
This retrospective cross-sectional study enrolled 
T2DM patients who were hospitalized in the 
Department of Endocrinology and Metabolism of 
Kunshan First People’s Hospital from 1 December 
2018 to 14 August 2021. Based on the results of a 
power analysis using G*Power 3.1 and the prelimi-
nary results of this study, the correlation coefficient 
between skeletal mass and thyroid hormones was 
our primary outcome, and we expected an effect 
size|ρ| = 0.20. Based on an α = 0.05 (one-
tailed) and β = 0.05 (power = 0.95), a minimum 
of 315 patients was required considering a 20% 
rate of loss to follow-up.

Patients
The inclusion criteria were an age of >50 years, 
presence of T2DM, and normal thyroid function. 
The diagnostic criteria for T2DM, according to 
the American Diabetes Association criteria,10 
were as follows: (1) fasting blood glucose (FBG) 
level of ⩾7.0 mmol/l, (2) random blood glucose 
level of ⩾11.1 mmol/l or stimulated blood glu-
cose level of >11.1 mmol/l after standard oral 
glucose tolerance test, and (3) hemoglobin A1c 
(HbA1c) level of >6.5%. The exclusion criteria 

were type 1 diabetes mellitus (positive autoanti-
body and/or continuous need for insulin at diag-
nosis), thyroid disease, current treatment with 
thyroid hormone drugs or antithyroid drugs, cur-
rent treatment with drugs that affect thyroid func-
tion (such as contraceptives, estrogen, amiodarone 
and other iodine-containing drugs, or lithium), 
malignant tumors, and renal insufficiency. The 
study followed the principles of the Helsinki 
Declaration and was approved by the Ethics 
Committee of Kunshan First People’s Hospital 
(ethics approval no. 2019-04-010-K01). All 
enrolled patients provided written informed 
consent.

Parameters
The patients’ age and disease course were 
recorded. Height and weight were measured, and 
the body mass index (BMI) was calculated as 
weight (kg) divided by height squared (m2).

Laboratory examination
Fasting blood samples were collected for FBG 
measurement using an automatic biochemical 
analyzer (AU5831; Beckman Coulter Life 
Sciences, Indianapolis, IN, USA). HbA1c was 
measured by high-performance liquid chroma-
tography using a D-10 System (Bio-Rad 
Laboratories, Hercules, CA, USA) and expressed 
in appropriate units (%). Free triiodothyronine 
(FT3), free thyroxin (FT4), and thyroid-stimu-
lating hormone (TSH) were measured by electro-
chemiluminescence immunoassay. The normal 
ranges of FT3, FT4, and TSH were 2.43–6.02 
pmol/l, 9.01–19.04 pmol/l, and 0.350–4.940 
mIU/l, respectively.

Dual-energy X-ray absorptiometry
Dual-energy X-ray absorptiometry (DXA) 
(Discovery DXA System; Hologic, Marlborough, 
MA, USA) was used to measure total muscle 
mass, trunk muscle mass, bone mineral content 
(BMC), BMD, appendicular skeletal muscle 
mass (ASM), and ASM index (ASMI). The 
ASMI was calculated as ASM (kg) divided by 
height squared (m2). According to the diagnostic 
criteria of the Asian Working Group for 
Sarcopenia, an ASMI of <7.0 kg/m2 in men and 
<5.4 kg/m2 in women was defined as low muscle 
mass.11
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Statistical analyses
IBM SPSS statistics version 22 (IBM Corp., 
Armonk, NY, USA) was used for all statistical 
analyses. Continuous variables are expressed as 
mean ± standard deviation. Variables with a 
non-normal distribution are expressed as median 
(interquartile range). An independent t test was 
used for comparisons between groups of normally 
distributed variables and the Mann–Whitney U 
test was used for comparisons between groups of 
non-normally distributed variables. The classified 
variables are expressed as percentages and were 
compared by the chi-square test. Pearson’s cor-
relation and partial correlation analyses were used 
to analyze the relationships of thyroid hormones 
with BMD and muscle mass. A binary logistic 
regression model was used to estimate the odds of 
low muscle mass according to tertiles of FT3/
FT4 and the model was adjusted for age. Values 
of p < 0.05 were considered to indicate statistical 
significance.

Results
In total, 344 patients with T2DM aged >50 years 
were enrolled in the study. The patients’ charac-
teristics are shown in Table 1. The cohort com-
prised 170 men with a mean age of 64.17 ± 8.62 
years and 174 women with a mean age of 
65.54 ± 8.55 years. Compared with the women, 
the men had significantly greater height, weight, 
FT3 level, total muscle mass, trunk muscle mass, 
ASM, ASMI, lumbar BMC, lumbar BMD, femo-
ral BMC, and femoral BMD but a significantly 
lower TSH level (p < 0.05). The prevalence of 
low muscle mass was significantly higher in men 
than women (p < 0.05) (Table 1).

The correlation analyses between FT3 and clini-
cal indicators are shown in Table 2. In men, FT3 
was positively correlated with BMI and this  
correlation was statistically significant after age 
correction (p < 0.05). FT3 was also positively 
correlated with ASMI in men, but the correlation 
was not significant after age correction. In women, 
FT3 was negatively correlated with BMI, but the 
correlation was not significant after age correction 
(Table 2).

The correlation analyses between FT4 and clini-
cal indicators are shown in Table 3. In men, FT4 
was negatively correlated with body weight, 
BMI, total muscle mass, and ASM and these 

correlations were statistically significant after age 
correction (p < 0.05). FT4 was negatively corre-
lated with ASMI after age correction (p < 0.05). 
In women, FT4 was negatively correlated with 
ASMI and this correlation was statistically signifi-
cant after age correction (p < 0.05). FT4 and 
ASM were negatively correlated after age correc-
tion (p < 0.05) (Table 3).

The correlation analyses between FT3/FT4 and 
clinical indicators are shown in Table 4. In men, 
FT3/FT4 was positively correlated with body 
weight, BMI, total muscle mass, ASM, and ASMI 
and these correlations were statistically significant 
after age correction (p < 0.05). In women, FT3/
FT4 was positively correlated with ASM and 
ASMI and these correlations were statistically sig-
nificant after age correction (p < 0.05) (Table 4).

There were no correlations between TSH and the 
clinical indexes.

The comparisons based on muscle mass are 
shown in Table 5. FT3/FT4, total muscle mass, 
trunk muscle mass, ASM, and BMC and BMD of 
the femur were significantly lower in men with 
low muscle mass than in those with normal mus-
cle mass (p < 0.05). FBG, total muscle mass, 
trunk muscle mass, ASM, and femoral BMC and 
BMD were significantly lower in women with low 
muscle mass than in those with normal muscle 
mass (p < 0.05) (Table 5).

A binary logistic regression model was built to 
investigate the association of FT3/FT4 and inci-
dent low muscle mass. The age-adjusted odds for 
incident low muscle mass comparing the lowest 
and highest FT3/FT4 was 3.061 [95% confi-
dence interval (CI) = 1.399–6.697] in euthyroid 
men with T2DM (Table 6).

Discussion
This study showed that FT3 was positively corre-
lated with BMI in male euthyroid T2DM patients 
after age correction. Furthermore, FT4 was nega-
tively correlated with body weight, BMI, total 
muscle mass, ASM, and ASMI, whereas FT3/FT4 
was positively correlated with body weight, BMI, 
total muscle mass, ASM, and ASMI after age cor-
rection in male euthyroid T2DM patients. FT4 
was negatively correlated with ASM and ASMI, 
whereas FT3/FT4 was positively correlated with 
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ASM and ASMI in female euthyroid T2DM after 
age correction. The prevalence of low muscle mass 
in male T2DM patients was significantly higher 
than that in female T2DM patients. Among male 
T2DM patients, FT3/FT4 was significantly lower 
in those with low than normal muscle mass and the 
age-adjusted odds for incident low muscle mass 
comparing the lowest and highest FT3/FT4 
increased.

In euthyroid patients, FT3 was found to be 
positively correlated with BMI and waist circum-
ference.12 In this study, FT3 was positively 

correlated with BMI in men with T2DM after 
age correction. Previous studies examined the 
relationship between FT3 and muscle mass, but 
the relationship showed opposite results under 
different weight states. FT3 was negatively cor-
related with lean weight, muscle cross-section, 
and SMI in individuals of normal weight13,14 but 
was positively correlated with skeletal muscle 
content and SMI in overweight or obese patients 
or patients with T2DM.15,16 In this study, FT3 
was positively correlated with ASMI in men with 
T2DM without age correction. Furthermore, the 
mean BMI of the men with T2DM was >25 kg/m2, 

Table 1. Characteristics of T2DM patients stratified by sex.

Men Women p

n 170 174  

Age (y) 64.17 ± 8.62 65.54 ± 8.55 0.685

Weight (kg) 70.34 ± 10.77 61.01 ± 9.26 0.000

Height (cm) 167.21 ± 6.84 154.96 ± 5.83 0.000

BMI (kg/m2) 25.15 ± 3.69 25.40 ± 3.58 0.531

FBG (mmol/l) 7.75 (5.80, 10.45) 7.50 (6.00, 9.60) 0.352

HbA1c (%) 8.70 (7.10, 10.30) 8.35 (7.28, 9.55) 0.362

FT3 (pmol/l) 3.96 ± 0.48 3.76 ± 0.93 0.014

FT4 (pmol/l) 13.05 ± 1.46 12.96 ± 1.93 0.611

TSH (mIU/l) 1.09 (0.77, 1.65) 1.28 (0.87, 1.90) 0.010

Total muscle mass (kg) 46.87 ± 6.30 35.87 ± 5.04 0.000

Trunk muscle mass (kg) 24.33 ± 3.53 18.92 ± 2.81 0.000

ASM (kg) 19.64 ± 3.24 14.44 ± 2.25 0.000

ASMI (kg/m2) 7.01 ± 1.05 6.01 ± 0.83 0.000

Low muscle mass (%) 82 (48.23%) 41 (23.56%) 0.000

Lumbar spine BMC (g) 70.16 ± 14.30 49.58 ± 12.68 0.000

Femur BMC (g) 35.77 ± 6.70 25.15 ± 6.66 0.000

Lumbar spine BMD (g/cm2) 1.00 ± 0.16 0.85 ± 0.15 0.000

Femur BMD (g/cm2) 0.88 ± 0.18 0.78 ± 0.13 0.000

ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMC, bone mineral content; 
BMD, bone mineral density; BMI, body mass index; FBG, fasting blood glucose; FT3, free triiodothyronine; FT4, free 
thyroxin; HbA1c, glycosylated hemoglobin A1c; T2DM, type 2 diabetes mellitus; TSH, thyroid-stimulating hormone.
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consistent with the results of Chen et al.16 In 
individuals of normal weight, monodeiodination 
of T4 produced the same amount of T3 and 
reverse T3 (rT3), whereas in obese subjects, rT3 
production was decreased and T3 production 
was increased.17 These phenomena were associ-
ated with an increased leptin level in patients 
with obesity or T2DM, enhanced activity of type 
1 deiodinase enzyme,18 and insulin resistance–
stimulated thymidine 5'-deiodinase enzyme 
activity,19 resulting in increased T3 production.

Kong et al.20 showed that FT4 was negatively cor-
related with ASMI in Korean euthyroid patients 
aged >60 years. Roef et al.13 found a negative cor-
relation between the muscle cross-sectional area 
and FT4 in young and middle-aged euthyroid 
patients in Italy. In this study, ASM and ASMI 
were negatively correlated with FT4 in euthyroid 
patients with T2DM. Furthermore, by analyzing 
the correlations between FT3/FT4 and muscle 
mass, ASM and ASMI were found to be posi-
tively correlated with FT3/FT4 in euthyroid 
patients with T2DM. A recent study on over-
weight or obese euthyroid subjects showed that 
skeletal muscle mass and limb skeletal muscle 

mass were positively correlated with FT3/FT4.15 
In studies on elderly euthyroid subjects in the 
community, those with higher FT3/FT4 had 
higher ASM and physical performance, and a 
reduced FT3/FT4 could be used as a reliable 
index to evaluate the decline in skeletal muscle in 
the elderly population.20,21 Skeletal muscle was 
confirmed to be a target tissue for thyroid hor-
mones; specifically, contractile function, myo-
genesis, metabolism, and regeneration of skeletal 
muscle are affected by thyroid hormones.22 
Thyroid hormones act in the skeletal muscle 
through the interaction of intracellular T3 with 
thyroid hormone nuclear receptors and by regu-
lating target gene expression. The intracellular 
concentration of thyroid hormones is tightly con-
trolled by deiodinases. The three types of deiodi-
nases are D1, D2, and D3. D1 and D2 activate 
T4 to T3 by removal of an outer-ring iodine, 
whereas D3 can convert T4 to rT3 or convert T3 
to T2. D2 is present in key thyroid-responsive tis-
sues such as brain tissue, brown adipose, and 
skeletal muscle. Expression of D2 in tissues can 
provide local control of intracellular T3.23 Control 
of the intracellular T3 level is the basis for skeletal 
muscle generation and regeneration and is very 

Table 2. Association between FT3 and clinical characteristics before and after adjusted by age in T2DM 
patients.

FT3

 Men Women

 R p R1 p1 R p R1 p1

Weight (kg) 0.119 0.123 0.110 0.156 –0.114 0.135 –0.130 0.089

BMI (kg/m2) 0.162 0.035 0.186 0.015 –0.171 0.024 –0.147 0.053

Total muscle mass (kg) 0.102 0.185 0.056 0.470 –0.024 0.753 –0.062 0.420

Trunk muscle mass (kg) 0.095 0.219 0.050 0.518 –0.074 0.332 –0.111 0.148

ASM (kg) 0.123 0.110 0.061 0.428 –0.007 0.924 –0.044 0.565

ASMI (kg/m2) 0.170 0.026 0.134 0.084 –0.058 0.451 –0.055 0.475

Lumbar spine BMC (g) –0.037 0.629 –0.004 0.958 –0.005 0.952 –0.035 0.650

Femur BMC (g) –0.071 0.359 –0.085 0.274 –0.008 0.920 –0.048 0.536

Lumbar spine BMD (g/cm2) 0.066 0.396 0.112 0.148 –0.003 0.971 –0.056 0.465

Femur BMD (g/cm2) 0.065 0.403 0.052 0.506 0.032 0.679 –0.056 0.464

ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMC, bone mineral content; 
BMD, bone mineral density; BMI, body mass index; FT3, free triiodothyronine; T2DM, type 2 diabetes mellitus.
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important for the terminal differentiation of mus-
cle cells.24 D2 and D3 can control the uptake and 
activation or inactivation of T3 in skeletal mus-
cle.22 In D2-knockout mice, the T3 levels of skel-
etal muscle were reduced and muscle strength 
was decreased.25 Deficiency of D2 resulted in 
changes in the muscle fiber type of the soleus, 
with an increase in major histocompatibility com-
plex (MHC) I fibers and a decrease in MHC IIa 
fibers.26 D2 converts T4 to T3 locally in skeletal 
muscle and FT3/FT4 may be an indirect index of 
the peripheral D2 activity. Actually, studies have 
shown that FT3/FT4 is positively associated with 
higher insulin levels and insulin resistance in 
euthyroid adults27 and that FT3/FT4 is consid-
ered to be an index of D1 and D2 activity.28 
Therefore, high FT3/FT4 indicates an increased 
conversion rate of T4 to T3 in skeletal muscle, 
leading to promotion of muscle growth and 
regeneration.

In this study, an ASMI of <7.0 kg/m2 for men and 
<5.4 kg/m2 for women was defined as low muscle 
mass. Thus, the patients were divided into two 
groups of patients: those with normal muscle mass 
and those with low muscle mass. The prevalence 

of low muscle mass in men and women was 48.2% 
and 23.6%, respectively. The prevalence of low 
muscle mass was significantly higher in men than 
in women, similar to the findings reported by Park 
et al.29 Further analyses demonstrated that FT3/
FT4 was significantly lower in men with low mus-
cle mass than in those with normal muscle mass 
and an increased odds of low muscle mass was 
correlated with a declined FT3/FT4 in men. The 
difference in the prevalence of low muscle mass 
between men and women is related to sex ster-
oids. Testosterone has a strong role in promoting 
muscle anabolism and age-related alterations in 
testosterone are major contributors to muscle 
atrophy. The circulating level of testosterone in 
men decreases 1% per year after the age of 
40 years, whereas the change in testosterone in 
women is minimal after the age of 50 years.30 The 
greater decrease in testosterone in men than in 
women leads to more rapid aging-induced muscle 
loss in men than in women.30 The high prevalence 
of low muscle mass in patients with T2DM is 
associated with impairment of insulin action, 
accumulation of advanced glycosylation end prod-
ucts, increased inflammation, and diabetic com-
plications.31 An appropriate marker is important 

Table 3. Association between FT4 and clinical characteristics before and after adjusted by sex in T2DM 
patients.

FT4

 Men Women

 R p R1 p1 R p R1 p1

Weight (kg) –0.184 0.017 –0.188 0.015 –0.110 0.150 –0.113 0.139

BMI (kg/m2) –0.163 0.034 –0.159 0.034 –0.144 0.058 –0.138 0.071

Total muscle mass (kg) –0.163 0.033 –0.181 0.019 –0.133 0.081 –0.144 0.059

Trunk muscle mass (kg) –0.113 0.143 –0.128 0.097 –0.136 0.073 –0.146 0.055

ASM (kg) –0.155 0.043 –0.180 0.019 –0.142 0.061 –0.154 0.044

ASMI (kg/m2) –0.143 0.062 –0.158 0.040 –0.175 0.021 –0.174 0.022

Lumbar spine BMC (g) –0.045 0.563 –0.036 0.643 –0.082 0.284 –0.090 0.239

Femur BMC (g) –0.107 0.166 –0.110 0.154 –0.087 0.256 –0.098 0.200

Lumbar spine BMD (g/cm2) 0.021 0.785 0.033 0.671 –0.071 0.352 –0.86 0.259

Femur BMD (g/cm2) –0.124 0.107 –0.129 0.096 –0.076 0.323 –01.05 0.173

ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMC, bone mineral content; 
BMD, bone mineral density; BMI, body mass index; FT4, free thyroxin; T2DM, type 2 diabetes mellitus.
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for identifying and monitoring the intervention 
efficacy, and biomarkers that participate in differ-
ent pathophysiological pathways may be associ-
ated with low muscle mass. A meta-analysis 
showed that some inflammatory biomarkers such 
as interleukin 6 and tumor necrosis factor alpha 
are associated with sarcopenia; however, the 
results were inconsistent in different studies, 
which may be explained by the differences in study 
populations, sources of biomarkers, and sample 
sizes.32 Recent studies showed that microRNAs 
play an important role in the progression of mus-
cle atrophy. The microRNAs expressed in muscle 
are associated with the differentiation of satellite 
cells, the switching of muscle fiber types, and the 
development of muscle.33 MicroRNAs may be 
biomarkers for low muscle mass, but more clinical 
studies are needed to confirm the relationship 
between microRNAs and low muscle mass. 
According to the relationship between FT3/FT4 
and skeletal muscle, FT3/FT4 may help to iden-
tify muscle wasting in patients with T2DM, espe-
cially men.

Thyroid hormones play important roles in bone 
development and growth as well as maintenance 
of bone mass and strength in adults. 
Hypothyroidism results in delayed skeletal devel-
opment and bone aging with short stature, 
whereas hyperthyroidism can lead to bone loss 
and increased bone fragility. Research on the 
effects of thyroid hormones within their normal 
ranges on BMD has not produced consistent 
results. One study showed that TSH was posi-
tively correlated with BMD in euthyroid post-
menopausal women,34 whereas another study 
showed that femoral neck BMD was positively 
correlated with TSH and negatively correlated 
with FT4 in elderly euthyroid individuals.35 
However, other studies revealed no correlations 
between thyroid hormones and BMD in young 
euthyroid women.36 Vendrami et al.37 found that 
TSH and FT4 had no correlations with BMD at 
any site in euthyroid postmenopausal women. 
This study showed no correlations of FT3, FT4, 
TSH, or FT3/FT4 with BMC and BMD of the 
lumbar spine and femur. The relationships 

Table 4. Association between FT3/FT4 and clinical characteristics before and after adjusted by sex in T2DM 
patients.

FT3/FT4

 Men Women

 R p R1 p1 R p R1 p1

Weight (kg) 0.231 0.002 0.226 0.003 0.076 0.322 0.069 0.365

BMI (kg/m2) 0.246 0.001 0.259 0.001 0.034 0.652 0.052 0.497

Total muscle mass (kg) 0.197 0.010 0.175 0.023 0.155 0.041 0.138 0.070

Trunk muscle mass (kg) 0.156 0.042 0.134 0.083 0.080 0.292 0.063 0.409

ASM (kg) 0.208 0.006 0.180 0.019 0.188 0.013 0.172 0.024

ASMI (kg/m2) 0.234 0.002 0.215 0.005 0.156 0.039 0.160 0.035

Lumbar spine BMC (g) 0.006 0.937 0.025 0.744 0.021 0.785 0.005 0.953

Femur BMC (g) 0.023 0.770 0.016 0.831 0.013 0.867 -0.009 0.910

Lumbar spine BMD  
(g/cm2)

0.042 0.587 0.067 0.390 -0.004 0.953 -0.034 0.656

Femur BMD (g/cm2) 0.141 0.066 0.135 0.081 0.050 0.515 0.004 0.959

ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMC, bone mineral content; 
BMD, bone mineral density; BMI, body mass index; FT3, free triiodothyronine; FT4, free thyroxin; T2DM, type 2 diabetes 
mellitus.
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between thyroid hormones within their normal 
ranges and BMD in clinical research are contra-
dictory and the discrepancies are likely related to 
differences in the age, sex, and size of the research 
cohort as well as whether any comorbidities exist. 
Therefore, further research is needed to explore 
the relationships between thyroid hormones 
within their normal ranges and BMD.

This study has some limitations. First, this retro-
spective cross-sectional study lacked data on the 
patients’ use of long-term hypoglycemic drugs. 
Second, the study did not evaluate grip strength 
and other indicators that reflect muscle strength. 
Finally, the study cannot explain the causality 
between thyroid hormones and skeletal muscle 
mass. Further prospective studies are needed to 

Table 5. The comparisons based on muscle mass.

Men Women

 Normal muscle 
mass

Low muscle  
mass

p Normal muscle 
mass

Low muscle 
mass

p

n 88 82 133 41  

Age (y) 62.46 ± 8.10 65.46 ± 9.03 0.059 64.84 ± 8.40 63.59 ± 9.04 0.412

Weight (kg) 75.41 ± 9.19 64.90 ± 9.65 0.000 63.09 ± 8.78 54.27 ± 7.45 0.000

Height (cm) 167.08 ± 6.32 167.35 ± 7.41 0.795 154.90 ± 5.58 155.15 ± 6.64 0.815

BMI (kg/m2) 27.04 ± 3.39 23.13 ± 2.83 0.000 26.27 ± 3.28 22.57 ± 3.03 0.000

FBG (mmol/l) 8.35 (6.40, 11.20) 7.60 (5.58, 10.30) 0.197 7.70 (6.30, 9.90) 6.60 (5.40, 9.10) 0.015

HbA1c (%) 8.70 (7.30, 10.60) 8.65 (6.98, 10.22) 0.563 8.40 (7.30, 9.50) 8.20 (7.20, 10.00) 0.758

FT3 (pmol/l) 4.00 ± 0.45 3.92 ± 0.50 0.295 3.74 ± 0.45 3.67 ± 0.67 0.440

FT4 (pmol/l) 12.85 ± 1.24 13.26 ± 1.64 0.062 12.99 ± 1.55 13.33 ± 1.62 0.220

TSH (mIU/l) 1.09 (0.75, 1.73) 1.09 (0.81,1.55) 0.807 1.28 (0.86, 1.91) 1.30 (0.89, 1.94) 0.993

FT3/FT4 0.31 ± 0.04 0.30 ± 0.05 0.037 0.29 ± 0.05 0.28 ± 0.06 0.139

Total muscle mass (kg) 50.41 ± 5.24 43.08 ± 5.04 0.000 37.16 ± 4.50 31.67 ± 4.40 0.000

Trunk muscle mass (kg) 25.83 ± 3.29 22.71 ± 3.05 0.000 19.46 ± 2.75 17.16 ± 2.22 0.000

ASM (kg) 21.68 ± 2.43 17.45 ± 2.49 0.000 15.20 ± 1.91 11.97 ± 1.30 0.000

ASMI (kg/m2) 7.76 ± 0.75 6.21 ± 0.64 0.000 6.33 ± 0.66 4.97 ± 0.36 0.000

Lumbar spine BMC (g) 71.50 ± 15.33 68.76 ± 13.05 0.218 50.10 ± 12.41 47.90 ± 13.55 0.335

Femur BMC (g) 36.99 ± 7.01 34.46 ± 6.13 0.013 25.95 ± 6.95 22.60 ± 4.87 0.005

Lumbar spine BMD (g/cm2) 1.02 ± 0.16 0.97 ± 0.17 0.071 0.85 ± 0.15 0.82 ± 0.17 0.262

Femur BMD (g/cm2) 0.91 ± 0.13 0.84 ± 0.21 0.012 0.79 ± 0.12 0.74 ± 0.13 0.028

ASM, appendicular skeletal muscle mass; ASMI, appendicular skeletal muscle mass index; BMC, bone mineral content; BMD, bone mineral 
density; BMI, body mass index; FBG, fasting blood glucose; FT3, free triiodothyronine; FT4, free thyroxin; HbA1c, glycosylated hemoglobin A1c; TSH, 
Thyroid-stimulating hormone.
According to the diagnostic criteria of the Asian working group for sarcopenia, ASMI < 7.0 kg/m2 in male patients and ASMI < 5.4 kg/m2 in female 
patients were defined as low muscle mass.

https://journals.sagepub.com/home/taj


L-n Fang, S Zhong et al.

journals.sagepub.com/home/taj 9

determine the effects of thyroid hormones within 
their normal ranges on the muscles of T2DM 
patients.

Conclusion
This study analyzed the relationships between 
thyroid hormones and muscle and bone in euthy-
roid patients with T2DM. The results showed 
that FT3/FT4 was positively correlated with 
ASM and ASMI in both men and women. 
Therefore, FT3/FT4 may be a parameter indica-
tive of low muscle mass in male euthyroid T2DM 
patients.

Acknowledgements
The authors thank all of the doctors and partici-
pants who were involved in the study. The authors 
also thank Analisa Avila, ELS and Angela 
Morben, DVM, ELS, from Liwen Bianji (Edanz) 
(www.liwenbianji.cn), for editing the English text 
of a draft of this manuscript.

Availability of data and materials
The data sets used and/or analyzed during the 
current study are available from the correspond-
ing author on reasonable request.

Ethical approval and consent to participate
The study followed the principles of the Helsinki 
Declaration and was approved by the Ethics 
Committee of Kunshan First People’s Hospital. 
All enrolled patients signed written informed 
consent.

Consent for publication
All authors in this study agreed to publication.

Author contributions
Ling-na FANG: Conceptualization; Investigation.
Shao ZHONG: Methodology.
Dan MA: Resources.
Yan-min HAO: Investigation.
Yan GAO: Data curation.
Li ZHANG: Resources.
Li-wen SHEN: Resources.
He-ping SUN: Resources.
Ke LU: Funding acquisition.
Chong LI: Writing – review & editing.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: National Natural 
Science Foundation of China, No. 82172441. 
Medical scientific research project of Jiangsu 
Provincial Health Commission, No. 2021201.

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

ORCID iDs
Ling-na Fang  https://orcid.org/0000-0002- 
4540-2631
Ke Lu  https://orcid.org/0000-0002-0029-7874

References
 1. Yen PM. Physiological and molecular basis of 

thyroid hormone action. Physiol Rev 2001; 81: 
1097–1142.

 2. Brennan MD, Powell C, Kaufman KR, et al. The 
impact of overt and subclinical hyperthyroidism 
on skeletal muscle. Thyroid 2006; 16: 375–380.

 3. Moon MK, Lee YJ, Choi SH, et al. Subclinical 
hypothyroidism has little influences on muscle 
mass or strength in elderly people. J Korean Med 
Sci 2010; 25: 1176–1181.

Table 6. Binary logistic regression, relationships 
of FT3/FT4 tertiles with low muscle mass among 
euthyroid T2DM patients, subdivided by sex, and 
adjusted for age.

Low muscle mass β ± SE p

Male

 FT3/FT4 < 0.29 3.061 0.005

 0.30 < FT3/FT4 < 0.33 1.679 0.184

 FT3/FT4 > 0.34 Reference  

Female

 FT3/FT4 < 0.27 2.003 0.135

 0.28 < FT3/FT4 < 0.31 1.746 0.228

 FT3/FT4 > 0.32 Reference  

FT3, free triiodothyronine; FT4, free thyroxin; SE, standard 
error; T2DM, type 2 diabetes mellitus.

https://journals.sagepub.com/home/taj
www.liwenbianji.cn
https://orcid.org/0000-0002-4540-2631
https://orcid.org/0000-0002-4540-2631
https://orcid.org/0000-0002-0029-7874


Volume 13

10 journals.sagepub.com/home/taj

TherapeuTic advances in 
chronic disease

 4. Duncan B and Graham RW. Role of thyroid 
hormones in skeletal development and bone 
maintenance. Endocr Rev 2016; 37: 135–187.

 5. Mundy GR, Shapiro JL, Bandelin JG, et al. 
Direct stimulation of bone resorption by thyroid 
hormones. J Clin Invest 1976; 58: 529–534.

 6. Vestergaard P and Mosekilde L. Fractures 
in patients with hyperthyroidism and 
hypothyroidism: a nationwide follow-up study in 
16,249 patients. Thyroid 2002; 12: 411–419.

 7. Murphy E, Glüer CC, Reid DM, et al. Thyroid 
function within the upper normal range is 
associated with reduced bone mineral density and 
an increased risk of nonvertebral fractures  
in healthy euthyroid postmenopausal women.  
J Clin Endocrinol Metab 2010; 95: 3173–3181.

 8. Wang TT, Feng X, Zhou JJ, et al. Type 2 
diabetes mellitus is associated with increased 
risks of sarcopenia and pre-sarcopenia in Chinese 
elderly. Sci Rep 2016; 6: 38937.

 9. Si YH, Wang CY, Guo Y, et al. Prevalence of 
osteoporosis in patients with type 2 diabetes 
mellitus in the Chinese mainland: a systematic 
review and meta-analysis. Iran J Public Health 
2019; 48: 1203–1214.

 10. American Diabetes Association Professional 
Practice Committee. Classification and diagnosis 
of diabetes: standards of medical care in diabetes 
-2022. Diabetes Care 2022; 45: s17–s38.

 11. Chen LK, Woo J, Assantachai P, et al. Asian 
working group for sarcopenia: 2019 consensus 
update on sarcopenia diagnosis and treatment.  
J Am Med Dir Assoc 2020; 21: 300–307.

 12. Ren R, Jiang X, Zhang X, et al. Association 
between thyroid hormones and body fat in 
euthyroid subjects. Clin Endocrinol 2014; 80: 
585–590.

 13. Roef G, Lapauw B, Goemaere S, et al. Body 
composition and metabolic parameters are 
associated with variation in thyroid hormone 
levels among euthyroid young men. Eur J 
Endocrinol 2012; 167: 719–726.

 14. Kwon H, Cho JH, Lee DY, et al. Association 
between thyroid hormone levels, body 
composition and insulin resistance in euthyroid 
subjects with normal thyroid ultrasound: The 
Kangbuk Samsung Health Study. Clin Endocrinol 
2018; 89: 649–655.

 15. Roberta Z, Fabio C, Rodolfo S, et al. Higher 
muscle mass implies increased free-thyroxine 
to free triiodothyronine ratio in subjects with 
overweight and obesity. Front Endocrinol 2020; 
11: 565065.

 16. Chen L, Zhang M, Xiang SK, et al. Association 
between thyroid function and body composition 
in type 2 diabetes mellitus (T2DM) patients: 
does sex have a role? Med Sci Monit 2021; 27: 
e927440.

 17. Reinehr T. Obesity and thyroid function. Mol Cell 
Endocrinol 2010; 316: 165–171.

 18. Macek Jílková Z, Pavelka S, Flachs P, et al. 
Modulation of type I iodothyronine 5'-deiodinase 
activity in white adipose tissue by nutrition: 
possible involvement of leptin. Physiol Res 2010; 
59: 561–569.

 19. Martinez-deMena R and Obregón MJ. Insulin 
increases the adrenergic stimulation of 5' 
deiodinase activity and mRNA expression in rat 
brown adipocytes; role of MAPK and PI3K.  
J Mol Endocrinol 2005; 34: 139–151.

 20. Kong SH, Kim JH, Park YJ, et al. Low free T3 
to free T4 ratio was associated with low muscle 
mass and impaired physical performance in 
community-dwelling aged population. Osteoporos 
Int 2020; 31: 525–531.

 21. Angelo DL, Roberto P, Michele A, et al. Thyroid 
hormone signaling is associated with physical 
performance, muscle, and strength in a cohort 
of oldest-old: results from the Mugello study. 
Geroscience 2021; 43: 1053–1064.

 22. Salvatore D, Simonides WS, Dentice M, et al. 
Thyroid hormones and skeletal muscle – new 
insights and potential implications. Nat Rev 
Endocrinol 2014; 10: 206–214.

 23. Gereben B, Zavacki AM, Ribich S, et al. Cellular 
and molecular basis of deiodinase-regulated 
thyroid hormone signaling. Endocr Rev 2008; 29: 
898–938.

 24. Ambrosio R, De Stefano MA, Di Girolama D, 
et al. Thyroid hormone signaling and deiodinase 
actions in muscle stem/ progenitor cells. Mol Cell 
Endocrinol 2017; 459: 79–83.

 25. Bárez-López S, Bosch-García D, Gómez-Andrés 
D, et al. Abnormal motor phenotype at adult 
stages in mice lacking type 2 deiodinase.  
PLoS ONE 2014; 9: e103857.

 26. Colleen C, Ashley NOW, Cecilia M, et al. A 
global loss of Dio2 leads to unexpected changes 
in function and fiber types of slow skeletal  
muscle in male mice. Endocrinology 2019; 160: 
1205–1222.

 27. Park SY, Park SE, Jung SW, et al. Free 
triiodothyronine/free thyroxine ratio rather than 
thyrotropin is more associated with metabolic 
parameters in healthy euthyroid adult subjects. 
Clin Endocrinol 2017; 87: 87–96.

https://journals.sagepub.com/home/taj


L-n Fang, S Zhong et al.

journals.sagepub.com/home/taj 11

 28. Junichi O, Astushi I, Hiroto H, et al. Free 
triiodothyronine / free thyroxine ratio as an index 
of deiodinase type 1 and 2 activities negatively 
correlates with casual serum insulin levels in 
patients with type 2 diabetes mellitus. Endocr J 
2021; 68: 1237–1240.

 29. Park YS, Chang Y, Lee YT, et al. The 
prospective relationship between low muscle mass 
and thyroid hormones among 198069 euthyroid 
men and women: comparing different definitions 
of low muscle mass. Int J Clin Pract 2021; 75: 
e13710.

 30. Anderson LJ, Liu H and Garcia JM. Sex 
differences in muscle wasting. Adv Exp Med Biol 
2017; 1043: 153–197.

 31. Anna I, Elena M, Gabriele R, et al. A narrative 
review on sarcopenia in type 2 diabetes mellitus: 
prevalence and associated factors. Nutrients 2021; 
13: 183.

 32. Picca A, Coelho-Junior HJ, Calvani R, et al. 
Biomarkers shared by frailty and sarcopenia 
in older adults: a systematic review and meta-
analysis. Ageing Res Rev 2022; 73: 101530.

 33. Roberto C, Leandro C, Jorge LP, et al. 
Sarcopenia: etiology, nutritional approaches, and 
miRNAs. Int J Mol Sci 2021; 22: 9724.

 34. Noh HM, Park YS, Lee J, et al. A cross-sectional 
study to examine the correlation between serum 
TSH levels and the osteoporosis of the lumbar 
spine in healthy women with normal thyroid 
function. Osteoporos Int 2015; 26: 997–1003.

 35. van der Deure WM, Uitterlinden AG, Hofman 
A, et al. Effects of serum TSH and FT4 levels 
and the TSHR-Asp727Glu polymorphism on 
bone: the Rotterdam Study. Clin Endocrinol 2008; 
68: 175–181.

 36. Zantut-Wittmann DE, Alessandra QM, Priscilla 
NS, et al. Lack of influence of thyroid hormone 
on bone mineral density and body composition in 
healthy euthyroid women. Front Endocrinol 2020; 
10: 890.

 37. Vendrami C, Marques VP, Rodriguez EG, et al. 
Thyroid-stimulating hormone is associated with 
trabecular bone score and 5-year incident fracture 
risk in euthyroid postmenopausal women: the 
osteolaus cohort. Osteoporos Int 2022; 33: 195–204.

Visit SAGE journals online 
journals.sagepub.com/
home/taj

SAGE journals

https://journals.sagepub.com/home/taj
https://journals.sagepub.com/home/taj
https://journals.sagepub.com/home/taj

