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Abstract. Background and aim: Sarcopenia is a generalized skeletal muscle disease and thyroid hormones 
have regulatory effects on skeletal muscle metabolism. This study aims to evaluate the association between 
hyperthyroidism and sarcopenia. Methods: Thirteen patients with overt hyperthyroidism (OH), 13 patients 
with subclinical hyperthyroidism (SH) and 30 healthy volunteers were included. OH was defined as se-
rum thyroid-stimulating hormone (TSH) <0.34 mU/L and free T4 (fT4) >1.12 ng/dL and/or free T3 (fT3) 
>4.37 ng/L; while SH was defined as TSH <0.34 when fT4 and fT3 were within the normal reference range 
(0.61–1.12 ng/dL for fT4; 2.6–4.37 ng/L for fT3). Handgrip strength (HGS) measurement and chair stand 
test were performed for muscle strength, while skeletal muscle mass index measurement with bioelectrical 
 impedance analysis and calf circumference (CC) measurement were performed for muscle mass evaluation. 
Results: The median age was 44.9 (21–76), and 16 (61.5%) were female. HGS and CC were found to be 
significantly lower in the OH and SH groups than in the control group (p=0.007; p=0.008, respectively). 
Sarcopenia was more common in the OH and SH groups than in the control group (p=0.007), and the risk of 
sarcopenia was higher in the OH group than in the SH group (OR: 2.44, 95% CI: 0.26–31.87). In hyperthy-
roid patients, a high fT4 increased the possibility of sarcopenia (OR: 6.0 95% CI: 0.59–79.23). Conclusions: 
Sarcopenia is significantly more common in patients with hyperthyroidism.
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Introduction

Sarcopenia is a progressive and generalized skeletal 
muscle disease associated with a risk of adverse outcomes, 
including falls, fractures, physical disability and mortality 
(1). To raise awareness and improve the provision of care 
to sarcopenia patients, the European Working Group 
on Sarcopenia in Older People (EWGSOP) updated its 
definition and diagnosis strategies in 2018, stating that 
sarcopenia is probable when low muscle strength is de-
tected (1). A diagnosis of sarcopenia is confirmed through 
a quantitative measurement of muscle quantity or quality.

Skeletal muscle (SM) is an important target or-
gan for thyroid hormones (2). Both overt and subclini-
cal hyperthyroidism have been found to be associated 
with skeletal muscle mass and strength (3). Since the 
publication of the revised definition of sarcopenia 
(EWGSOP2), there have been no studies evaluating 
all the recommended diagnostic parameters of sarco-
penia in patients with overt hyperthyroidism (OH) 
and subclinical hyperthyroidism (SH). In the present 
study, we aimed to investigate the relationship between 
hyperthyroidism and sarcopenia according to EWG-
SOP2 definition.
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Methods

The research sample included 13 patients newly 
diagnosed with overt hyperthyroidism (OH) and 
13 patients newly diagnosed with subclinical hy-
perthyroidism (SH) who presented to the General 
Internal Medicine outpatient clinic of a university 
hospital between February 2020 and August 2020. 
The control group consisted of 30 individuals without 
thyroid disease.

Included in the study were those aged 18 years or 
older who met the criteria and who gave their consent 
for participation in the study. Patients under the age of 
18 with a history of active infection, a diagnosis of ma-
lignancy, a diagnosis of diabetes mellitus, a diagnosis 
of neuromuscular disease, a diagnosis of rheumatologi-
cal/inflammatory disease with chronic inflammation, a 
disability/amputated extremity that could affect meas-
urement, pregnancy, those using drugs that could affect 
body composition (such as diuretics, corticosteroids) 
or that could affect thyroid function tests (such as the 
beta-blockers, amiodarone), those with pacemakers, 
ICD (Implantable Cardioverter Defibrillator) or pros-
theses, and who declined to participate in the study 
were excluded. Demographic information of the study 
participants was recorded. The SARC-F questionnaire 
(4) was used for sarcopenia screening. The SARC-F is 
a 5-item questionnaire that garners data on strength, 
walking aid, getting up from a chair, climbing stairs 
and falling. The possible SARC-F scale scores are in 
the 0–10 range and are divided into two to represent 
symptomatic (4+) and healthy (0–3).

Muscle strength measurements included the 
handgrip strength (HGS) and the chair-stand test. 
HGS was measured using a Jamar Plus+ Digital Hand 
Dynamometer. Three measurements were taken in 
which the individual was seated with the shoulder in 
adduction, the elbow at 90° flexion and the forearm in 
the neutral position, and was asked to grasp the dy-
namometer with the dominant hand and squeeze it as 
firmly as possible. Separate anaylsis were performed 
for national (<22 kg in females, <32 kg in males) (5) 
and EWGSOP2 (<16 kg in females, <27 kg in males) 
criteria as handgrip strength cut-off values. For the 
chair stand test, the time taken for the individual to 
get up from a seated position five times without using 

his/her arms was measured with a stopwatch. A cut-off 
value of >15 seconds was considered significant.

Muscle mass was measured based on the skel-
etal muscle mass index (SMMI) and calf circumference 
(CC), with a bioelectrical impedance analysis (BIA) 
(Tanita BC 532). A 4-meter walking test was performed 
for the physical performance evaluation. Height was 
measured without shoes using a standard stadiometer, 
and body mass index (BMI) was calculated as weight 
(kg)/height squared (m2). Skeletal muscle mass (SMM) 
was calculated using the equation: SMM (kg) = 0.566 x 
FFM (Fat Free Mass). The SMMI was measured using 
the SMM (kg)/height squared (m2) equation (6). Based 
on the national cut-off values, an SMMI of <7.4 kg/m2 
for females and <9.2 kg/m2 for males was considered sig-
nificant for sarcopenia (5). CC was measured at the wid-
est part of the calf using a non-stretchable tape while the 
participant was in a standing position. Again, CC was 
evaluated using both EWGSOP2 (<31 cm) and national 
(<33 cm) cut-off values. In the 4-meter walking test, a 
walking speed of ≤0.8 m/s was considered poor physical 
performance. Patients found to have low muscle strength 
were accepted as probable sarcopenia; those with low 
muscle strength accompanied by low muscle mass were 
diagnosed with confirmed sarcopenia; and those with 
low muscle strength, low muscle mass and low physical 
performance were diagnosed with severe sarcopenia.

The blood samples were collected after a 12-hour 
fast at initial presentation. OH was determined as 
TSH <0.34 mU/L, while free T4 (fT4) >1.12 ng/ dL 
and/or free T3 (fT3) >4.37 ng/L; and SH was deter-
mined as TSH <0.34, while fT4 and fT3 were within 
the normal reference range (0.61–1.12 ng/dLfor fT4; 
2.6–4.37 ng/L for fT3). In the control group, all three 
parameters were within the normal reference range.

Approval for the study was granted by the  Clinical 
Research Ethics Committee of the hospital, and all 
participants provided written consent for their inclu-
sion. The study was performed in accordance with the 
Declaration of Helsinki.

Statistical analysis

The statistical analysis was performed us-
ing IBM SPSS Statistics (Version 23.0. Armonk, 
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NY: IBM Corp.). The conformity of continuous 
data to normal distribution was evaluated with a 
 Shapiro-Wilk test and a histogram graph. Median and 
minimum-maximum (min-max) values   were given for 
non-normally distributed numerical data. A Mann-
Whitney U test was used for the comparison of the 
numerical data of two groups; a Kruskal Wallis test 
was used for the comparison of the numerical data of 
three groups, and a p-value of <0.05 was considered 
significant. A Fisher's Exact test was used for the com-
parison of categorical data of the groups, and a p-value 
of <0.05 was considered significant. The Odds Ratio 
and confidence interval were given based on the Fish-
er's Exact test. A ROC analysis was performed for the 
relevant test sensitivity and specificity of the fT4 level 
above a certain threshold value.

Results

The study included 13 newly diagnosed OH pa-
tients, 13 newly diagnosed SH patients, and 30 healthy 
controls. The general characteristics of the OH, SH, 
and control groups are presented in Table 1.

As muscle strength is the first parameter to deterio-
rate in sarcopenia (7), patients with probable and severe 
sarcopenia were included in the sarcopenia group (n=6). 
The difference between the hyperthyroid group and the 
control group was statistically significant in terms of the 
presence of sarcopenia (p=0.007) (Table 2).

In the hyperthyroid group (OH and SH), six (23%) 
of the 26 patients were diagnosed with sarcopenia. The 
patients diagnosed with sarcopenia were older (69.1 vs. 
42, p=0.051), although there was no difference in terms 
of gender (p=1.000). The risk of sarcopenia in OH pa-
tients was 2.44 times greater than in the SH patients 
(OR: 2.44 95% CI: 0.26–31.87). The rate of concomi-
tant chronic disease (hypertension or osteoporosis) was 
higher in those with sarcopenia (p=0.010). The median 
fT4 was 1.33 ng/dL in hyperthyroid patients and above 
the normal range (>1.12 ng/dL) in sarcopenic patients. 
In the group without sarcopenia, the median fT4 (0.99) 
was within the normal range. The risk of sarcopenia was 
six times greater in the hyperthyroid patients with fT4 
above the normal range (OR: 6.0 95% CI: 0.59–79.23). 
The characteristics of the two groups with and without 
sarcopenia are presented in Table 3.

In hyperthyroid patients, fT4 above the thresh-
old value (>1.12 ng/dL) showed 66.7% sensitivity 
and 75% (50.9–91.3%) specificity for the presence of 
sarcopenia.

It was predicted that 88.2% (63.6–98.5%) of 
the patients with fT4 values within the normal range 
would not have sarcopenia.

In patients with OH and SH, a fT4 value of ≥1.22 
showed 66.6% sensitivity and 73.9% specificity for 
completing the chair rise test in >15 seconds (AUC: 
0.608) (LR+ =2.55) (CI=0.31–0.90).

In patients with OH and SH, a fT4 value of ≥1.44 
could predict completion of the 4-meter walking test 

Table 1. General characteristics of Overt Hyperthyroidism, Subclinical Hyperthyroidism and control groups and handgrip strength.

Parameter
Overt Hyperthyroidism

(n = 13)
Sublinical Hyperthyroidism

(n = 13)
Control group

(n = 30) p value

Sex (n, %)
Women
Men

6 (46.2%)
7 (53.8%)

10 (76.9%)
3 (23.1%)

21 (70%)
9 (30%)

0.225

Age (year)& 39.9 (21–76) 49.1(21–73) 32.3 (21–52) 0.010

Handgrip strength&

EWGSOP2 cut-off points
Women <16 kg (n,%)
Men <27 kg (n,%)

Turkish cut-off points
Women <22 kg (n,%)
Men <32 kg (n,%)

32.5 (16.6–54.1)

0
0

4 (30.7%)
2 (33.3%)
2 (28.6%)

29.6 (20.6–49.5)

0
0

2 (15.3%)
2 (20%)

0

31.9 (23.5–68.2)

0
0
0
0
0

0.125

0.007

& median (minimum-maximum) values are given.
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regeneration are dependent on the proliferation and 
differentiation of satellite cells in a process known as 
myogenesis (9). Thyroid hormone receptor alpha plays 
an important role in maintaining the satellite cell pool, 
indicating that thyroid hormone signaling is crucial 
for skeletal muscle function, metabolism and skeletal 
muscle repair (10). Similarly, control of intracellular 
thyroid hormone levels is essential for myogenesis 
progression (9). Possibly due to the association be-
tween throid hormones and the muscle, we found the 
risk of sarcopenia to be higher in OH patients than in 
SH patients.

There have been studies suggesting that fT3 is 
protective for the muscle, but that fT3 levels decrease 
with aging (11). In our study, a negative correlation 
was noted between fT3 and age in the hyperthyroid 
group. Our SH patients were older than OH patients, 
which is consistent with the literature (12). Our female 
predominance is also in line with the literature (13).

The higher incidence of osteoporosis in the 
SH group can be explained by the fact that the SH 
group is older and has a higher prevalence of women, 
both of which are risk factors for osteoporosis (14). 

at ≤0.8 m/s with 100% sensitivity and 79.1% specific-
ity (AUC: 0.791) (LR = + 4.80) (CI = 0.62–0.95).

We evaluated the relationship between the chair 
stand test and the 4-meter walking test results with 
fT3 values, and observed that the fT3 values of three 
patients who completed the chair rise test within >15 
seconds were within the normal reference range. The 
fT3 values of two patients who completed the 4-meter 
walking test at ≤0.8 m/s were within the normal refer-
ence range. For this reason, a ROC analysis was not 
performed for either test, since an fT3 elevation would 
not be predictive of sarcopenia.

Discussion

In the present study, we have revealed a statisti-
cally significant relationship between hyperthyroidism 
and sarcopenia. The risk of sarcopenia was greater in 
OH patients than in SH patients.

Thyroid hormones play a role in the transcrip-
tion of many genes, including myofibrils and calcium 
regulatory proteins (8). Skeletal muscle growth and 

Table 2. Sarcopenia status in OH, SH and control groups.

Sarcopenia status OH (n=13) SH (n=13) Control group (n=30) Total (n=56) P value

No sarcopenia 9 (69.2%) 11 (84.6%) 30 (100%) 50

0.007Probable sarcopenia 3 (23.1%) 2 (15.4%) 0 (0%) 5

Severe sarcopenia 1 (7.7%) 0 (0%) 0 (0%) 1

Note: OH: Overt Hyperthyroidism, SH: Subclinical Hyperthyroidism

Table 3. Comparison of patients with and without sarcopenia.

Parameter
Sarcopenia

(n=6)
No Sarcopenia

(n=20) P value

Age (years)§ 69.1 (21–76) 42 (21–67) 0.051

Gender (n)
Women
Men

4 (66.7%)
2 (33.3%)

12 (60%)
8 (40%)

1.00

fT3 level (ng/L)§ 3.73 (3.37–8.93) 4.14 (2.97–11.57) 0.273

fT4 level (ng/dL)§

fT4 > 1.12 ng/dL
fT4 normal€

1.33 (0.93–2.53)
4 (66.7%)
2 (33.3%)

0.99 (0.73–4.47)
5 (25%)
15 (75%)

0.180
0.138

§ median (minimum-maximum) values are given. € fT4 normal: 0.61–1.12 ng/dL.
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hyperthyroidism when compared to a control group. 
The risk of sarcopenia is greater in the overt hyperthy-
roidism group than in the subclinical hyperthyroidism 
group. In hyperthyroid patients, a high fT4 increases 
the risk of sarcopenia, and fT4 elevation is more valu-
able than fT3 in predicting strength and performance 
impairment.
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