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Abstract: Turner syndrome (TS) is a genetic disorder caused by abnormalities in one of
the X chromosomes. Individuals with TS have a higher incidence of autoimmune thyroid
disorders, particularly Hashimoto’s disease, leading to thyroid dysfunction, most com-
monly hypothyroidism. Hormonal imbalance, growth hormone deficiency, and reduced
physical activity contribute to muscle weakness in TS patients, and thyroid dysfunction
can exacerbate these effects. The purpose of this study was to evaluate whether thyroid
factors affect muscle strength in female patients with TS. The study included 70 women
with TS and 88 age- and weight-matched controls. TS diagnoses were genetically confirmed
(mosaic karyotypes: n = 20; monosomy X: n = 37; structural abnormalities: n = 7). The
main criterion for exclusion from the study was unbalanced thyroid function. Serum levels
of thyroid-stimulating hormone (TSH), free thyroxine (fT4), free triiodothyronine (fT3),
and thyroid antibodies (anti-thyroid peroxidase antibodies (aTPO), anti-thyroglobulin
antibodies (aTG)) were measured, and muscle strength was assessed using hand-held
dynamometry. In TS patients, higher TSH levels were positively correlated, and higher fT4
levels were negatively correlated with muscle strength. No such correlations were found in
controls. Thyroid compensation may impact musculoskeletal health in TS. Lower-normal
TSH levels are associated with reduced muscle strength, and autoimmune thyroid changes
like aTPO and aTG may contribute to muscle deterioration. Further research is needed to
confirm these findings.
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1. Introduction

Turner syndrome (TS) is a genetic disorder characterized by the presence of quantita-
tive and/or structural abnormalities in one of the two X chromosomes, often accompanied
by mosaicism. The prevalence of TS is estimated to be between 1 in 2000 and 1 in 2500 live
female births [1]. Globally, approximately 1.5 million women are affected by TS [1]. Recog-
nized X chromosome aberrations in TS include X monosomy (45,X) and various forms of
mosaicism (50-70%), such as 45X/46,XX, 45,X/46XY, 45,X/46,XX/47,XXX, 45,X/46X,i(Xq),
and 45,X/46,Xdel(Xp). Additionally, structural abnormalities of the X chromosome include
total or partial deletion of the short arm (46,Xdel(Xp)), isochromosome of the long arm
(46,X,i(Xq)), ring chromosome (46,X,r(X)), and marker chromosome (46, X+m) [1,2].

Int. J. Mol. Sci. 2025, 26, 3679

https://doi.org/10.3390/ijms26083679


https://doi.org/10.3390/ijms26083679
https://doi.org/10.3390/ijms26083679
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijms
https://www.mdpi.com
https://orcid.org/0000-0002-4027-7122
https://orcid.org/0000-0001-6693-9465
https://orcid.org/0000-0002-5932-7265
https://doi.org/10.3390/ijms26083679
https://www.mdpi.com/article/10.3390/ijms26083679?type=check_update&version=1

Int. J. Mol. Sci. 2025, 26, 3679

20f13

People with TS experience significantly increased morbidity. The syndrome is often
accompanied by osteoporosis, visual defects, hearing loss, cardiovascular disease (hyper-
tension, increased risk of ischemic heart disease and congenital heart defects: bicuspid
aortic valve and coarctation of the aorta), and renal anomalies (horseshoe kidney, double
pelvis, or double kidney) [3-6]. In addition, individuals with TS in both pediatric and
adult populations have a higher prevalence of several autoimmune disorders, including
autoimmune thyroid disease (ATD), celiac disease, inflammatory bowel disease, psoriasis,
acquired vitiligo, and juvenile rheumatoid arthritis. Symptoms and clinical presentation
can vary considerably from patient to patient depending on the type of X chromosome
aberration [7-9]. Previous research has shown that haploinsufficiency of at least ten genes
located on the X chromosome affects immune regulation by influencing self-protein ex-
posure in the thymus and the escape of autoreactive T cells [9,10]. Findings by Bakalov
et al. suggest that ovarian insufficiency-related factors may contribute to these autoimmune
conditions [11].

ATDs are more common in individuals with TS compared to healthy peers, covering
a range of phenotypes. These include Hashimoto’s thyroiditis (HT) and Graves’ disease
(GD), with HT being the most prevalent autoimmune thyroid disease and GD causing
hyperthyroidism [12-14]. Most cases of HT eventually lead to hypothyroidism, although
patients may not show symptoms initially. The antibodies slowly damage the thyroid gland,
impairing its ability to produce hormones. This is particularly important for high-risk
groups, such as patients with TS. Since the process is gradual, patients with TS may not
notice these changes early on [15,16].

Besides, patients with TS face skeletal and muscular challenges due to estrogen defi-
ciency resulting from ovarian insufficiency, leading to reduced bone density [17,18]. While
estrogen replacement therapy is commonly used, the effects of other endocrine factors such
as growth hormone (GH) and thyroid function on bone health require further investiga-
tion [19,20]. TS individuals also experience muscle issues, including weakness, limited
functionality, and a higher risk of metabolic disorders [21,22]. These muscle weaknesses are
attributed to hormonal imbalances, reduced physical activity, and GH deficiency [23,24].

It is a well-known fact that both hyperthyroidism and hypothyroidism have a negative
effect on muscle strength and performance. In the case of hyperthyroidism, there is an
increased breakdown of muscle proteins and greater energy consumption by the muscles,
which can lead to weakness. Patients then experience muscle pain and show reduced
physical performance [25,26]. Individuals with hypothyroidism often experience decreased
blood circulation to their muscles, leading to reduced muscle strength and slower reaction
time. The most common complaints among hypothyroid patients are fatigue and muscle
weakness [27,28]. Furthermore, studies show that even subclinical thyroid dysfunction,
which does not yet cause clinical symptoms, can affect muscle strength [29,30].

The results of the above studies can only make a small contribution to our understand-
ing of muscle health in TS, as most people at risk of TS-related weakness have thyroid
hormone levels within the reference range. These women with TS generally undergo regu-
lar check-ups, and, if thyroid disorders are detected, they are quickly treated. Therefore,
the question of whether the relationship between thyroid function and muscle metabolism
also exists in the euthyroid range in this patient group is clinically important. Recently,
an increasing number of cohort studies have emerged to assess the relationship between
thyroid function and muscle metabolism in the euthyroid range [31-35].

In this study, we attempted to evaluate whether the levels of thyroid stimulating
hormone (TSH), free thyroxine (fT4), and free triiodothyronine (fT3), as well as serum levels
of anti-thyroglobulin antibodies (aTG) and anti-thyroid peroxidase antibodies (aTPO),
affect hand grip strength (HGS) in patients with thyroid-corrected TS.
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2. Results

Demographic and anthropometric analysis between TS patients and healthy women
showed no differences in all parameters except height (Table 1). It turned out that patients
with TS had a significantly lower height compared to healthy premenopausal women.

Table 1. Demographic and anthropometric characteristics in patients with TS (TS) and control group
(CG) (n=158).

TS (n=70) CG (n =88)

Characteristic M SD M SD t p
age [years] 33.04 10.29 32.17 9.90 0.54 0.589
height [cm] 154.04 5.35 167.66 6.21 —1454  <0.001
weight [kg] 64.87 7.39 63.18 11.40 1.12 0.263

TS—patients with Turner syndrome; CG—control group; n—number of observations; M—mean; SD—standard
deviation; f—value of the Student’s t-test statistic; p—statistical significance.

The analysis revealed statistically significant differences between the compared groups
in TSH, aTPO, aTG, and hand grip mean (HGM)—an average of HGS from three mea-
surements of both hands (Table 2). Although patients with unbalanced thyroid function
were initially excluded, it still turned out that patients in the study group had significantly
higher TSH values, significantly higher aTPO and aTG levels, and significantly lower
HGM compared to patients in the control group. However, it should be noted that the
effects observed for TSH, aTPO, and aTG were weak (Cohen’s d < 0.50), whereas the effect
observed for HGM was strong (Cohen’s d > 0.80).

Table 2. Comparison of the patients with TS with the control group in terms of thyroid function
parameters and muscle strength (n = 158).

TS (n = 70) CG (n=88)
Characteristics References M SD M SD tiZ C(Zih:? S
TSH [puIU/mL] [0.27-4.84] 2.85 1.54 2.29 1.06 2.59 0.011 0.43
fT4 [ng/dL] [0.93-1.77] 1.29 0.20 1.24 0.16 1.51 0.135 0.25
fT32 [pg/mL] [1.8-4.6] 3.22 0.63 3.64 2.88 —0.28 0.778 <0.01
fT3/fT4 2 2.57 0.71 3.01 2.61 —1.03 0.303 <0.01
aTPO [IU/mL] <60 224.39 312.87 118.95 175.93 2.52 0.013 0.43
aTG [TU/mL] <60 260.28 320.23 162.74 227.16 2.15 0.033 0.36
HGM [kg] 19.07 4.54 27.78 4.10 —12.65 <0.001 2.03

TS—patients with Turner syndrome; CG—control group; n—number of observations; M—mean; SD—standard
deviation; t—value of Student’s t-test statistic; Z—value of Mann-Whitney test statistic; p—statistical signif-
icance; Cohen’s d—effect strength ratio for Student’s t-test; n?—effect strength ratio for Mann-Whitney test;
2—Mann-Whitney test results are reported; TSH—thyroid-stimulating hormone; fT4—free thyroxine; fT3—free
triiodothyronine; aTG—anti-thyroglobulin antibodies; aTPO—anti-thyroid peroxidase antibodies; HGM—hand
grip mean.

Patients with TS had a higher prevalence of antithyroid antibodies. The prevalence
of aTG antibodies was significantly higher among patients with TS, while the prevalence
of aTPO only showed a tendency to increase but did not reach the level of statistical
significance (p > 0.05) (Table 3).

The analysis showed statistically significant differences in HGM levels between pa-
tients differentiated due to the presence of aTPO antibodies, and between patients differen-
tiated due to the presence of aTG antibodies, both among patients with TS and in CG;j. It
turned out that in each group, those with aTPO or aTG antibodies were characterized by
significantly lower muscle strength compared to patients without these antibodies. In addi-
tion, it is worth noting that the effects observed with aTG antibodies were strong (Cohen’s
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d > 0.80), while the effects observed with aTPO antibodies were moderate (Cohen’s d < 0.50
< 0.80) (Table 4).

Table 3. Comparison of the patients with TS with the control group in terms of the presence of aTPO.

o TS (n = 70) CG (n=88)
Characteristic N % N % 2 » o
No antibodies 33 48.6 56 63.6
atro Antibodies present 37 51.4 32 36.4 361 0075 015
No antibodies 32 45.7 54 61.4
aTG Antibodies present 38 543 34 38.6 205 0046 019
No antibodies 29 414 38 43.2
aTPO+aTG ) htibodies present 41 58,6 50 56,8 005 0872 002
TS—patients with Turner syndrome; CG—control group; n—number of observations; x?>—chi-square test result;
p—statistical significance; d—strength of effect index; aTG—anti-thyroglobulin antibodies; aTPO—anti-thyroid
peroxidase antibodies; aTPO—anti-thyroid peroxidase antibodies.
Table 4. Comparison of subjects with aTPO and aTG antibodies present with those without aTPO and
aTG antibodies present in terms of muscle strength separately in the patients with TS and separately
in the control group (n = 158).
. . HGM
Group Antibodies M SD t p d Cohena
Antibodies present (n = 36) 17.54 413
aTPO No antibodies (11 = 34) 2051 449 288 0005 069
15 (n=70) Antibodies present (n = 35) 17.19 447
alG No antibodies (12 = 35) 2005 382 078 <0001 050
Antibodies present (n = 32) 26.84 4.34
aTPO No antibodies (1 = 56) 2044 303 o2 <0001 066
CG (n = 88) Antibodies present (1=34) 2559  2.90
alG No antibodies (n = 54) 31.26 3.22 8.56 <0.001 188

TS—patients with Turner syndrome, CG—control group; n—number of observations; M—mean; SD—standard
deviation; f—value of Student’s t-test statistic; p—statistical significance; Cohen’s d—coefficient of strength of
effect for Student’s t-test; aTG—anti-thyroglobulin antibodies; aTPO—anti-thyroid peroxidase antibodies.

The analysis showed that among those with TS, muscle strength increased with
increasing TSH levels, while it decreased with increasing fT4 (Table 5). However, the
correlations were weak. None of these findings were found in CG.

The next stage of the analysis was the verification of regression models checking to
what extent individual parameters of thyroid function (TSH, fT3, fT4, fT3/fT4) explain
muscle strength (HGM). Calculations were carried out separately among patients with
TS and separately in CG. Before starting the analysis, the assumption of homoskedastic
predictors was verified. Next, the assumption of non-collinearity of predictors was verified.
It turned out that the variables FT3, FT4, and FT3/FT4 were characterized by a high degree
of collinearity (VIF > 5.00), so it was decided to perform a hierarchical analysis using the
backward elimination method. The results for the tested models are presented in Table 6.
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Table 5. Correlation of thyroid parameters with muscle strength separately in the study group and
separately in the control group (n = 139).

HGM [kg]
TS (n=70) CG (n=88)
Variable r Pearson’s/ r Pearson’s/
rho Spearman’s p rho Spearman’s P
TSH [pIU/mL] 0.19 0.012 —0.05 0.176
fT4 [ng/dL] —0.20 0.031 0.24 0.076
fT3? [pg/mL] 0.10 0.403 0.14 0.209
fI3/fT4* —0.05 0.709 —0.05 0.615
TS—patients with Turner syndrome; CG—control grou; HGM—hand grip mean; TSH—thyroid stimulating
hormone; fT4—free thyroxine; fT3—free triiodothyronine; r—Pearson’s correlation coefficient; rho—Spearman’s
rank correlation coefficient; p—p-value (significance level); *—the results of Spearman’s rho correlation analysis
are reported; n—number of observations.
Table 6. Results of hierarchical regression analyses to explain muscle strength on the basis of
individual parameters of thyroid function (TSH, fT3, fT4), separately in TS patients and separately in
the control group (1 = 158).
Group Predictor B SE Beta t P F P R? adj.
TS -0 (Constant)  17.13 3.51 4.88 <0.001
n= 0.31 0.578 0.01
( ) fT4 1.51 2.69 0.07 0.56 0.578 <
G - (Constant)  18.81 3.34 5.62 <0.001
n= 7.14 0.009 0.07
( ) fT4 7.10 2.66 0.28 2.67 0.009

TS—patients with Turner syndrome; CG—control group; B—mnon-standardized regression coefficient;
SE—standard error; Beta—standardized regression coefficient; t—the value of the test statistic of the t-test;
p—statistical significance; F—value of the test analysis of variance statistics; Rzadj.—the value of the adjusted
R-squared statistic; fT4—free thyroxine; n—number of observations.

It turned out that the final model obtained in the case of the control group was well
suited to the data, explaining 6.8% of the variance of the dependent variable. A statistically
significant predictor for muscle strength was the fT4 parameter, where a positive value of
the Beta coefficient indicated that muscle strength increased with the increase in the level
of the fT4 parameter, which was not found in patients with TS.

Next, we proceeded to analyze the prevalence of antithyroid antibodies (aTPO, aTG,
or aTPO and aTG combined) according to genetic abnormalities, respectively: mosaic
karyotype (45,X/46,XX; 45,X/46,XX/47, XXX; or 45,X/47,XXX), monosomy 45,X, and others
(isochromosome of the long arm of X (46,X,i(Xg)), ring chromosome (46,X,r(X))). (Table 7).

It turned out that patients with monosomy and isochromosome X, compared to
mosaic patients, had significantly more often aTPO, aTG, and aTPO and aTG combined. In
addition, isochromosome X patients were significantly more likely to have aTPO compared
to monosomy patients. Moreover, it is noteworthy that all of the observed effects were
found to be strong (Vc > 0.50).

However, the analysis showed no statistically significant difference between the dif-
ferent TS genotypes in terms of muscle strength (Table 8). This meant that individuals
characterized by different genetic variants did not differ in terms of muscle strength.
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Table 7. Comparison of individuals with genetic variants of TS (mosaicism (45,X/46,XX;
45,X/46,XX/47, XXX; or 45,X/47,XXX) (n = 20); monosomy X (45,X) (n = 37); others (isochromo-
some of the long arm of X (46,X,i(Xg)), ring chromosome (46,X,r(X))) in terms of the presence of aTPO
and aTG (n = 70).

Mosaics 45.X Others
(n =20) (n=37) (n=13)
Characteristic n % n % n % X2 p Vc
No antibodies 17 85.0 15 40.5 1 7.7
alPo Antibodies present 3 15.0 22 59.5 12 92.3 2339 <0.001 0.58
No antibodies 17 85.0 15 40.5 0 0.0
aTG Antibodies present 3 15.0 22 59.5 13 100.0 3432 <0001 0.70
No antibodies 15 75.0 11 29.7 0 0.0
aTPO+aTG = Ltibodies present 5 250 26 703 13 1000 o070 <0001 066

TS—patients with Turner syndrome; n—number of observations; xz—chi—square test result; p—statistical significance;
Vc—strength of effect index; aTG—anti-thyroglobulin antibodies; aTPO—anti-thyroid peroxidase antibodies.

Table 8. Comparison of individuals with individual genetic variants in terms of muscle strength
(n =70), mosaicism (45,X/46,XX; 45,X/46,XX/47, XXX; or 45,X/47,XXX) (n = 20); monosomy X (45,X)
(n = 37); and isochromosome of the long arm of X (46,X,i(Xq)), ring chromosome (46,X,r(X)).

Genetic Variants of TS

HGM
M SD  H©® P n?

mosaicism (45,X/46,XX; 45,X/46,XX/47, XXX; or 45,X/47,XXX) (n = 20) 19.09 491

monosomy X (45,X) (n = 37) 19.00 4.61

0.03 098 <0.01

isochromosome of the long arm of X (46,X,i(Xg), ring chromosome

(46,X,r(X)) (n =13) 19.25  4.08

TS—patients with Turner syndrome; n—number of observations; M—mean; SD—standard deviation; H—value
of test statistic; p—statistical significance; n>—strength of effect index; HGM—hand grip mean.

3. Discussion

In this study, we analyzed thyroid function parameters, the presence of thyroid
antibodies (aTPO, aTG), and their potential impact on muscle strength in individuals
with TS who are thyroid-compensated and an age- and weight-matched control group of
healthy, premenopausal women.

The X chromosome contains most immunity-related genes [36,37]. While men, with
only one X chromosome, are more susceptible to X-linked immunodeficiencies, females
typically have a more robust immune response due to two X chromosomes, though this
increases their vulnerability to autoimmune diseases [38].

TS, characterized by the partial or complete absence of one X chromosome in pheno-
typic females, is a valuable model for studying X chromosome gene expression in immune
function [37,38]. Genes such as FOXP3 and PTPN22 are believed to play a role in TS
development [39]. Autoimmune disorders occur 2-3 times more frequently in women
with TS than in the general population [1,40,41]. Several hypotheses, including skewed
X inactivation and haploinsufficiency, link the X chromosome to this higher prevalence
of autoimmune diseases, although the exact immunological mechanisms remain unclear.
Preliminary studies suggest altered immunoglobulin levels and reduced T-lymphocyte
subpopulations, with a lower CD4+/CD8+ T-lymphocyte ratio indicating potential im-
mune response deficits in TS [41]. Su et al. identified differential methylation of IL3RA
and CSF2RA genes on the X chromosome in women with TS, suggesting a potential link
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to autoimmune diseases like thyroiditis [42]. Despite some immunological abnormalities,
patients with TS do not show an increased frequency of infections, except for recurrent otitis
media. Additionally, many adults with TS exhibit low antibody titers after immunization,
underscoring the need for further research into the clinical implications of these immune
features [41].

Individuals with TS are at a higher risk of developing thyroid disorders, including
autoimmune conditions such as HT, with subclinical hypothyroidism being particularly
prevalent. Around 58% of women with TS experience this condition, which can manifest at
any age [40,43,44].

The results of our study showed that patients with TS had higher absolute levels of
aTPO and aTG antibodies compared to peers without TS. Additionally, there was a higher
frequency of elevated aTG in TS patients, although this difference was borderline significant
(p = 0.046). We also found that individuals with monosomy, isochromosome X (46,X,i(Xg)),
or ring chromosome X (46,X,7(X)) were more likely to have antithyroid antibodies than
those with a mosaic karyotype. These findings confirm that certain genetic variants in TS
are linked to a higher risk of autoimmune thyroid disorders.

Due to the increased incidence of autoimmune diseases in TS, current guidelines
recommend thyroid function screening (TSH, fT4) from early childhood, with annual
follow-up, but routine thyroid antibody testing is not advised [1]. Other common autoim-
mune diseases in TS include type 1 diabetes, celiac disease, alopecia areata, inflammatory
bowel diseases, and skin conditions like dermatitis, eczema, and psoriasis [1,45]. Routine
screening for celiac disease should begin in early childhood [1,45,46].

Studies suggest that GH treatment in GH-deficient patients, such as women with TS,
can affect thyroid function [46]. GH is believed to regulate peripheral T4 metabolism by
increasing the conversion of T4 to T3 [47], with changes observed in fT4 and fT3 levels.
This effect likely involves deiodinase type 2, an enzyme crucial for converting T4 to the
active thyroid hormone T3 in peripheral tissues, influencing thyroid hormone levels and
metabolic processes [48].

One of the findings of our study was significantly higher TSH levels in the TS group
compared to controls (Table 2). However, as our study was retrospective, we assessed
thyroid parameters in both non-thyroid individuals and those with previously diagnosed
and treated thyroid disease (17 of 77 patients with TS). These results align with other studies
showing slightly higher TSH concentrations in individuals with TS [12].

Chronic thyroid disorders, such as autoimmune thyroiditis, can cause elevated TSH
levels, typical for this patient group [49]. A transition from hyperthyroidism to hypothy-
roidism may also occur over time [25]. In the general population, thyroiditis is diagnosed
based on clinical signs and lab tests, but in TS, thyroid function is routinely monitored
during follow-up, allowing detection of even subclinical changes [1,49].

Many studies using muscle strength tests, such as the HGS test, have shown lower
muscle strength in TS patients compared to age- and sex-matched controls [17,21,22]. Our
study confirmed significantly weakened hand grip in patients with X chromosome loss.

Several studies have confirmed the relationship between thyroid function and grip
strength. Both low and high TSH levels are associated with lower grip strength [27,28].
In healthy older adults, mild hypothyroidism or higher normal TSH values may lose
relevance to muscle function with age [33,34]. For example, Netzer et al. found that
treating subclinical hypothyroidism had no impact on muscle function, strength, or mass
in individuals aged 65 and older [29].

The thyroid axis plays a key role in regulating muscle strength through various
mechanisms. Studies suggest that due to the presence of TSH receptors in muscle cells,
TSH may directly affect muscle metabolism, independent of thyroid hormones. This
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may include effects on muscle fiber differentiation and regulation of energy metabolism,
which is crucial for maintaining muscle strength [32]. One study found that men with
low TSH levels had a higher risk of low muscle strength compared to those with normal
levels [50]. In women, menopause may affect the thyroid-muscle strength relationship, as
rapid estrogen decline may diminish TSH’s impact on muscle metabolism [50]. In female
TS patients, many other factors, such as bone mineralization, sex hormone deficiency, overt
GH treatment, or nutritional deficiencies, may have an additional and even more significant
effect on muscle strength and physical functioning [49]. Among our TS patients, higher
TSH levels correlated positively with greater muscle strength, which was not observed
among healthy women (Table 4). We observed a different relationship in the control group,
where higher levels of fT4 significantly affected greater muscle strength (Table 6). Other
parameters of thyroid function compensation had no significant effect on muscle function
in either group. Regarding the presence of antithyroid antibodies in our study, we found
that regardless of the X chromosome deficit, the presence of antibodies was associated
with significantly lower muscle strength. The effect of decreased muscle strength was
more strongly associated with the presence of aTG antibodies than with the presence of
aTPO antibodies.

However, it should be emphasized that our pilot study has certain limitations. First of
all, the cross-sectional nature of the study does not provide a basis for assessing the causality
of the observations described. Secondly, the size of the study group, which is rather small,
is not large enough to draw general conclusions. Thirdly, in our study group, there were
patients with different karyotypes, which does not allow a direct comparison. Fourthly,
we measured thyroid hormone levels and muscle strength indices at only one time point.
Furthermore, the lack of analysis of other factors that may influence muscle strength, such
as physical activity levels, diet, or other comorbidities, may limit the ability to fully interpret
the results. Despite all limitations, this study adds to the limited literature available on the
possible association between serum TSH levels and muscle strength measurements in a
specific group of female patients.

4. Methods and Materials
4.1. Subjects

Our study, conducted from January 2021 to September 2024 at a university hospital’s
referral center, involved female participants aged 20 to 44 years. This study included
70 patients diagnosed with TS and a control group of 88 women matched by age and weight.
To qualify, participants needed to have genetic abnormalities confirming a TS diagnosis.
The main criterion for exclusion from the study was unbalanced thyroid function, exceeding
our laboratory’s reference values [0.27-4.84 plU/mL]. Those with type 1 diabetes or major
cardiovascular or renal defects were also excluded. Among the TS patients, two had celiac
disease, and one had Sjogren’s syndrome. Only three participants with TS occasionally
smoked cigarettes (less than once a month), and none reported alcohol abuse. All patients
with TS were under constant endocrinological care and underwent regular thyroid function
tests, at least once a year. Of the 70 patients in the study group, 17 (24.2%) were treated with
I-thyroxine for hypothyroidism (doses ranging from 25 to 125 micrograms of l-thyroxine
were used, depending on the clinical situation).

All TS patients had ceased growing and presented the following karyotypes: mo-
saicism (45,X/46,XX; 45,X/46,XX/47, XXX; or 45,X/47,XXX) (n = 20); monosomy X (45,X)
(n = 37); and isochromosome of the long arm of X (46,X,i(Xq)), ring chromosome (46,X,7(X))
(n =7). No participants in the study group had any part of the Y chromosome detected. All
women with TS had received recombinant human growth hormone (thGH) therapy previ-
ously, with dosages adjusted to their clinical response (1.2-2 mg/m?/day). The average
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duration of GH therapy was 5.0 years, with treatments starting between the ages of 1.3 and
12.5 years. Estrogen—progesterone therapy was administered to 39 patients to trigger sexual
maturation and to 13 patients for secondary ovarian failure, while 18 patients exhibited
spontaneous sexual maturation. For those requiring puberty development, transdermal
estrogen therapy began at an average age of 12.1 years (range 10.9-13.5 years) with an
initial dose of 173-estradiol at 0.00625 mg/day, gradually increasing to 0.05 mg/day. After
an average of 2.4 years, transdermal therapy continued in a sequential regimen, alternating
between 17 3-estradiol alone for two weeks and 173-estradiol plus norethisterone acetate
for another two weeks at a dose of 0.17 mg/day. At the time of the study, all TS patients
were receiving the specified estrogen—progesterone therapy. None of the control group
participants used hormonal contraceptives and all had regular menstrual cycles, ensuring
clear differentiation between the treatment and control groups for evaluating the impact of
thyroid hormone levels on muscle parameters.

The CG consisted of 88 healthy premenopausal, Caucasian women, matched for age
and weight, recruited from the Endocrinology Outpatient Clinic of the Pomeranian Medical
University in Szczecin, women in whom endocrine disorders were excluded. None of
these participants had received l-thyroxine therapy, estrogen, progesterone, or testosterone
therapy, used contraceptives, smoked, abused alcohol, or had a known genetic disease.

Neither the study group nor the CG included patients actively receiving antithyroid
drugs for hyperthyroidism.

All participants underwent comprehensive medical histories and physical exami-
nations. Height was measured while standing using a digital telescopic wall-mounted
stadiometer, and weight was recorded to the nearest 0.1 kg using an electronic scale.

4.2. Biochemical Analyses

Venous blood samples were collected from all patients in the morning while they
were fasting. Patients who were on I-thyroxine therapy in the morning refrained from
taking their medication until after the blood draw. These blood samples were analyzed in
the hospital’s prospective laboratory, part of the core laboratory at Pomeranian Medical
University in Szczecin. The levels of aTPO and aTG in the serum were measured by
radioimmunoassay using kits from Brahms PCT immunoassay on a Cobas E801 analyser
(Roche Diagnostics, Rotkreuz, Switzerland). Concentrations exceeding 60 IU/mL were
considered elevated for both aTPO and aTG. The levels of fT3 and fT4 were measured
by electrochemiluminescence using kits from Roche Diagnostics, Rotkreuz, Switzerland.
Reference values for TSH were 0.27-4.84 ulU/mL; for fT4, 0.93-1.7 ng/dL; and for T3,
1.8-4.6 pg/mL.

4.3. Muscle Function Assessment

HGS was evaluated using a SAEHAN 5030]1 hydraulic manual dynamometer, cali-
brated to a 40 kg load. This test measured the isometric strength of the hand and forearm.
During the assessment, patients stood with the arm being tested bent at a 90-degree angle,
keeping it close to their body. Each participant was instructed to grip the dynamometer
bar with maximum effort three times, followed by a 30 s rest, alternating between their
right and left hands. The average of the three readings from each hand was recorded as an
average measurement of muscle strength—HGM, expressed in kilograms.

4.4. Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics 30 software Version 28.
The analyses included basic descriptive statistics and the Shapiro-Wilk test to assess the
distribution of the variables. The Student’s t-test for independent samples was utilized to
compare two groups with normally distributed quantitative variables, while the Mann-—
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Whitney test was applied to compare two groups with quantitative variables that did not
follow a normal distribution. Pearson’s r correlation analysis was used to examine relation-
ships between normally distributed quantitative variables, and Spearman’s rho correlation
analysis was used for quantitative variables that did not follow a normal distribution. A
hierarchical back-elimination linear regression analysis was performed in order to verify
the predictive strength of individual explanatory variables on the explanatory variable. The
Kruskal-Wallis test was employed to compare more than two groups with unequal sample
sizes in terms of quantitative variable levels. The significance level for these analyses was
set at o = 0.05.

5. Conclusions

In conclusion, the results of our study suggest a somewhat different role for thyroid
compensation in relation to measures of musculoskeletal health in the TS population. TSH
values at the lower end of the reference range may be associated with lower muscular
strength in patients with an X chromosome defect, and these patients would perhaps
benefit from less intensive treatment for hypothyroid disorders. Regular monitoring of
not only thyroid hormone levels but also muscle strength can help to better tailor therapy.
Individualization of treatment is key, as patients with TS may show different responses to
hormone therapy than healthy patients. In addition, chronic autoimmune thyroid lesions,
such as the presence of aTPO and aTG, contribute to the deterioration of muscle function
parameters independent of the X chromosome defect. Further prospective studies are
needed to clarify the significance of our findings.
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