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Abstract 

Skeletal muscular tissue plays vital functions like locomotion, metabolism, and systemic health, and muscular tissue dysfunction is linked to various 
pathological circumstances such as Muscular Dystrophy (MD), sarcopenia, and osteoporosis. myostatin (MSTN), a negative regulator of muscular tissue 
growth, and the C-Terminal Telopeptide of type I collagen (CTX-1), a bone resorption marker, are increasingly studied as potential biomarkers for 
muscular tissue-bone interactions. This investigation aimed to investigate the medical relevance of MSTN and CTX-1 concentrations in affected 
individuals with skeletal muscular tissue conditions compared with Healthy Controls (HCs), and to assess their association with demographic, 
anthropometric, and comorbid circumstances.  A case-HCs investigation was conducted from December 2024 to February 2025 at hospitals in Baghdad. 
Ninety peripheral blood samples were collected, including 50 from affected individuals with muscular tissue illnesses (aged 27–77 years) and 40 from 
HCs (aged 20–73 years). Anthropometric data (BMI, skeletal muscular tissue bulk) were recorded using the InBody device. ELISA quantified serum 
MSTN and CTX-1 concentrations. Statistical analyses comprised t-tests, chi-square, and correlation tests (SPSS v26). Affected individuals displayed 
significantly higher BMI and lower skeletal muscular tissue bulk in comparison with HCs (p < 0.05). Woman predominance and smoking prevalence 
were greater among affected individuals (p < 0.01). MSTN concentrations were slightly higher in affected individuals (456.44 ng/ml) than in HCs 
(443.08 ng/ml), while CTX-1 concentrations were slightly lower (17.69 vs. 19.28 ng/ml), but both variations were insignificant. No significant influence 
on biomarker concentrations related to sex criteria. The most frequent coexisting illnesses were hypertension and diabetes (21.8%). Circulating MSTN 
and CTX-1 alone may not serve as reliable biomarkers in cases of sarcopenia.  
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Introduction 

Skeletal muscular tissue is one of the major and most 
metabolic active tissues in the body of human, 
establishing around 50-75% of total stores of 
proteins and 40% of total weight of bodies. Its major 
functions comprise motion, preserving balances, 
forming heats, and metabolising energies. Also, it 
behaves as a vital facility of protein storages and 
offers mechanical protections for internal organs [1]. 
Preserving function of muscular tissues and the 
skeleton bulk is critical for general health, and 
consequently, fragility of muscular tissue of skeleton 
meaningfully participates to illnesses, disability, and 
declined qualities of lives. 

Musculoskeletal conditions incorporate a broad 
range of circumstances, comprising trauma-induced 
lesions, inactivity-induced muscular tissue wasting, 
muscular tissue-degenerative condition, and genetic 
or non-genetic muscular tissue diseases, all of which  

damage strength of muscular tissues and pathways of 
metabolites [2]. MD particularly is marked via a 
progressive losing of muscular tissue bulks and 
strengths, frequently accompanied via deterioration 
of bones, resulting in osteoporosis. This condition 
significantly raises the predisposition of falls, breaks, 
and functional declines. Consequently, understanding 
the biochemical variables that control muscular 
tissue is crucial for improving active therapeutic and 
preventive approaches. Among these crucial 
regulators of stability of muscular tissue, CTX-1 and 
MSTN have gained raising attention. MSTN is a 
member of the transforming growth variable-beta 
(TGF-β) family and works as an effective negative 
regulator of muscular tissue differentiation and 
growth. Raised concentrations of MSTN have been 
linked with atrophy of muscular tissue and 
degeneration in some circumstances of pathology, 
while inhibition or deletion of gene of MSTN has been 
found to result in significant hypertrophy of muscular 
tissue [3, 4]. 
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The CTX is a recognized biochemical indicator of 
resorption of bones, as raised serum concentrations 
of CTX are linked with enhanced loss and resorption 
of bones, representing fragility of skeleton [5]. 

The recent investigation aimed to detect serum 
concentrations of MSTN and CTX, appraise their 
combined impact on health of skeletal muscular 
tissue, and determine their potential usage as 
dependable biomarkers in the analysis of early 
sarcopenia. 

Materials and methods 

Subject  

Samples of blood were obtained from affected 
individuals with muscular tissue illnesses who were 
visiting Medical City and Al-Wasiti, Saad Al-Watari 
hospitals in Baghdad, among Dec 2024 and Feb 2025. 
The protocol of investigation was approved via the 
Iraqi Ministry of Health. A total of 90 blood samples 
were collected. 55 samples from affected individuals 
diagnosed with muscular tissue illness (aged 27-77 
years), and 35 samples from healthy individuals 
(aged 20-73), serving as a HCs group, were comprised 
in this work. For all participants, body bulk index 
(BMI) and skeletal muscular tissue bulk (SMM) were 
measured using an InBody device (InBody Co., 
Ltd/South Korea), and anthropometric indexes were 
recorded. 

Blood collection and preparation 

Three milliliters of peripheral venous blood were 
drawn from each participant using a sterile 
disposable syringe. The samples were allowed to clot 
for 30 minutes at room temperature. Then, they were 
centrifuged at 3000 rpm for 5 minutes to separate the 
serum. The obtained serum was transferred into a 
clean Eppendorf tube and stored at a low 
temperature in a refrigerator until laboratory 
analysis. 

Immunological investigation: Serum 
concentrations of MSTN and C-terminal telopeptide 

of type I collagen (CTX) were measured using 
enzyme-linked immunosorbent assay (ELISA) based 
on Biotin double antibody sandwich technology 
(Shanghai YL Biont, China). 

Statistical analysis 

Data were analyzed using the Statistical Package for 
the Social Sciences program [6]. T-test, LSD (Least 
Significant Variation), and Duncan's test were used to 
compare mean values among groups. Chi-Square test 
was used to compare percentages. The 
concentrations of statistical significance were 
defined as follows: P≤0.05: Significant; P≤0.01: Highly 
significant; P ≥0.05 NS: Non-significant. 

Results and Discussion 

Table 1 represents that the proportion of women in 
the patient group (48, 87.27%) was significantly 
higher than in the HCs group (25, 71.43%). Regarding 
smoking, the patient group comprised 47 smokers, 
representing the majority (85.45%), in comparison 
with 8 non-smokers (14.55%). The results indicate 
that smoking is widespread among the patient group 
and may be a potential predisposition variable.   In 
comparison with 3 affected individuals in the HCs 
group, the age group under 50 comprised 7 (12.73%) 
affected individuals. The age group of 50–60-year 
comprised 19 affected individuals (34.55%), in 
comparison with 9 (25.71%) of HCs. The 61–70-year 
age group comprised 22 affected individuals 
(40.00%), in comparison with 5 (14.29%) of HCs. 
This investigation displayed that the majority of MD 
(MD) affected individuals were woman, which is 
corresponding to preceding indication that 
influences of sex both illness phenotypes and onsets. 
Montañez et al. (2017) [7] stated that in tonic-
dystrophic MD type 2, women frequently displayed 
early muscular tissue fragility, while men mostly 
experienced pain of muscular tissue, representing 
that these medical indices are sex-dependent. 
Correspondingly, sex-linked dissimilarities in the 
advances of congenital MD and responses to therapy 
have been detected in models of mice [8]. 
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Table 1: Demographic distribution according to sex, smoking status, and age of affected individuals compared with the 
HCs group 

Variable Affected individuals 
No. (%) 

HCs 
No. (%) 

P-value 

Sex   Male 7 (12.73%) 10 (28.57%) 0.0001 ** 
Woman 48 (87.27%) 25 (71.43%) 

Smoking  Yes 8 (14.55%) 3 (8.57%) 0.0001 ** 
No 47 (85.45%) 32 (91.43%) 

 Age groups (year) <50 yr. 7 (12.73%) 18 (51.43%)  
 

0.0083 ** 
50-60 yr. 19 (34.55%) 9 (25.71%) 
61-70 yr. 22 (40.00%) 5 (14.29%) 
>70 yr. 7(12.73%) 3 (8.57%) 

Total 55 35 -- 

** (P≤0.01).

The recent investigation represents that age 
distribution analysis revealed the highest illness 
burden among individuals aged 50–70 years, 
corresponding to previous studies highlighting age as 
a determining variable in illness onset and severity. 
It’s observed that initial onset of type II myotonic MD 
forecasts greater involvement of multi-system, in 
addition to age-related pulmonary weakening linked 
with Duchenne MD (DMD) [9, 10].  When viewed 
collectively, these outcomes propose that age 
significantly impacts illness severity, advance and 
outcomes. 

Independently, smoking damages skeletal muscular 
tissue via declining synthesis of proteins, raising 
oxidative stress, and weakening mitochondrial 
effectiveness. The smoking' extensive prevalence 
among affected individuals with diabetic neuropathy 
is a significant modifiable predisposition variable. 
Collectively, these outcomes propose that smoke may 
worsen muscular fragility of tissue in diabetic 
neuropathy affected individuals and highlight the 
significance of smoke cessation in clinical 
managements [11, 12]. 

The recent outcomes are corresponding to 
continuing research highlighting smoke, sexes, and 
ages, as significant predisposition variables for MD 
and its advances. Besides, the predominance of 
woman, the mid- to late-life burden, and the robust 
linking with smoke emphasize the interplay among 
environmental and biological variables in 
development of illness. 

Table 2 represents the illnesses distributions among  

the group of patients. The most common coexisting 
illness (21.82%) was co-morbidity with diabetes and 
hypertension, followed via 20.0% of MD alone, and 
then hypertension with both MD (16.36%). Other 
coexisting illnesses comprised 9.09% of MD with 
hypertension and diabetes, hypothyroidism, 
problems of kidney, and liver illness (3.64% each), 
obesity (5.45%), diabetes mellitus and isolated 
hypertension (each 7.27%), while osteoporosis was 
the least common (1.82%). These outcomes reveal 
that the majority of affected individuals suffered from 
various chronic illnesses, with cardiometabolic 
circumstances (diabetes and hypertension) and MD 
being the most predominant and statistically 
significant (p≤0.01), representing the strong linking 
of these illnesses with the group of studied cases. 

Table 2: Distribution of investigation samples via illness 
category among the patient group 

Illnesses No Percentage 
(%) 

Muscular tissue dystrophy 11 20.00 
Hypertension  4 7.27 
Diabetics 4 7.27 
Obesity  3 5.45 
Renal issue 2 3.64 
Hypothyroid 2 3.64 
Liver illness  2 3.64 
Osteoporosis 1 1.82 
Hypertension and diabetes 12 21.82 
Hypertension and muscular 
tissue dystrophy 

9 16.36 

Hypertension, diabetes, and 
muscular tissue dystrophy 

5 9.09 

Total  55 100% 
P-value -- 0.0001 ** 
** (P≤0.01). 
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This work detected that the most common coexisting 
illness was the co-occurrence of diabetes and 
hypertension with MD, representing a strong link 
through muscular illnesses and cardiometabolic 
circumstances. Initial vascular dysfunction was found 
in more than 50% of children with weakened 
regulation of pressure of blood, additional 
strengthening the close linking among diabetes, 
hypertension, and the problem of neuromuscular 
illnesses. The noticeable prevalence of MD and its co-
occurrence with metabolic circumstances associated 
to muscular illnesses is a complex and prominent 
indicator of coexisting illness [13].   

The anti-hypertensive agent losartan has been 
observed to worsen muscular tissue atrophy in cases 
of limbic dystrophy. On the other hand, deletion of 
MSTN in obese and diabetic mouses conserves 
functions of kidney and declines hypertension 
[14,15], emphasizing the complicated association 
among cardiac metabolism and muscular tissue 
integrity. It has been observed that diabetic affected 
individuals (9.1%) have hypertension, MD, or both, 
observing the metabolic influence on health of 
muscular tissues. Diabetic inflammation is linked 
with muscular tissue atrophy through the activation 
of NF-κB and STAT3 [16], and multiple endocrine 
conditions are linked with type 1 tonic muscular 
tissue atrophy [17], suggesting a shared endocrine-
muscular tissue mechanism. 

Less common coexisting illnesses, including obesity, 
kidney illness, hypothyroidism, liver illness, and 
osteoporosis, suggest systemic involvement. 
Diabetes, for example, is linked with Becker Muscle 
Dystrophy (BMD), and accelerated muscular tissue 
deterioration has also been observed in cystic 
fibrosis, further signifying that Becker dystrophy 
affected individuals may be at predisposition of 
metabolic dysfunction [18,19]. 

The results presented in Table 3 indicate significant 
variations among affected individuals and HCs across 
the studied parameters. The mean BMI was greater in 
affected individuals (31.72 ± 0.96 kg/m²) than in HCs 
(29.02 ± 0.65 kg/m²), and this raise was significant 
(t=2.601, p=0.0426). In contrast, skeletal muscular 
tissue bulk (SMM) was markedly lower in affected 
individuals (18.74 ± 0.73) in comparison with HCs 

(27.07 ± 1.31), with a highly significant variation 
(t=2.763, p=0.0001).  

Table 3: Comparison of Body Bulk Index (BMI) and 
Skeletal Muscular Tissue Bulk Index (SMM) among 

affected individuals and HCs groups 

Group BMI (kg/m2) SMM or SMI 
(Kg/m2) 

Means ±SE 
Affected 
individuals  

31.72 ±0.96 18.74 ±0.73 

HCs  29.02 ±0.65 27.07 ±1.31 
T-test 2.601 * 2.763 ** 
P-value 0.0426 0.0001 

* (P≤0.05), ** (P≤0.01) 

These outcomes are corresponding to previous 
reports linking obesity to neuromuscular conditions. 
Obesity is a common endocrine complication in the 
DMD illness, accounting for approximately 50% of 11-
year-old DMD affected individuals, and is linked with 
fractures and sleep apnea, which are often 
exacerbated via long-term glucocorticoid therapy 
[20, 21]. Elevated body bulk index (BMI) is a 
recurring and medically significant feature in all 
subtypes of DMD. Skeletal muscular tissue bulk 
(SMM) was significantly declined in affected 
individuals in comparison with HCs, corresponding to 
other studies that observed a marked decrease in lean 
muscular tissue bulk in Facioscapulohumeral 
Dystrophy (FSHD) despite similar BMIs among the 
groups of cases and HC. Correspondingly, loss of 
muscular tissue and progressive gain of fat have been 
detected in the DMD [22, 23]. These outcomes 
highpoint the paradox of declined muscular tissue 
bulk and raised BMI, representing the sequential 
alterations in composition of body that happen with 
the illness. The metabolic influences of obesity, 
hyperinsulinemia and resistance of insulin, in 
affected individuals with DMD illness and the BMD 
are well recognized through their influence on 
distribution of GLUT4 in muscular tissues [24, 25]. 
The recent outcomes also propose that raised 
declined muscular tissue bulk and obesity 
synergistically participate to metabolic dysfunction, 
including resistances of insulin and systemic 
inflammations. Generally, these data emphasize that 
management of weight is an integral portion of 
therapy of MD, aiming to improve metabolic 
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difficulties and enhance functional outcomes. 

The mean serum MSTN level in the recent 
investigation, as shown in the figure, was slightly 
higher in the affected individuals (456.44 ± 44.78 
ng/mL) in comparison with the HCs group (443.08 ± 
35.07 ng/mL). However, this variation was not 
statistically significant (t=124.76, p=0.8320). This 
indicates that despite the numerical variation, MSTN 
concentrations did not differ significantly among the 
two groups, suggesting that the presence of illness in 
the patient group may not have a direct effect on 
serum MSTN concentrations. 

 

Figure 1: Comparison among affected individuals and 
HCs in Myostain 

The recent MSTN outcomes contradict previous 
reports showing declined circulating MSTN in 
neuromuscular conditions. Significantly lower 
concentrations were found in seven genetic 
circumstances and correlated with illness severity 
[26]. Low MSTN concentrations have also been 
observed in the DMD illness and spinal muscular 
atrophy (SMA) [27], supporting its potential as a 
biomarker for these circumstances. Conversely, the 
recent outcomes are more in line with other studies 
showing elevated MSTN expression in atrophic 
muscular tissue [28], representing illness stage or 
tissue-specific organization. In BMD, MSTN 
concentrations vary based on the therapy [29]. 
Consequently, these discrepancies probably form the 
impacts of illness type and advances, therapies, and 
methodological variations in detections. 

Its circulating concentrations may not consistently 
reflect illness activity, although MSTN is a known 

negative regulator of muscular tissue growth [4]. The 
inconsistent results of inhibition trials of MSTN 
highpoint the requirement for a more detailed grasp 
of its biological roles [30]. Generally, the absence of 
significant variations in serum MSTN concentrations 
among groups of cases and HC emphasizes the 
complexity of its regulations. Consequently, future 
works should classify MSTN via therapy status, 
severity, and subtype of illness, and participate it with 
complementary biomarkers to improve diagnostic 
monitoring and accuracy. 

The results in Figure 2 indicate that mean serum CTX 
concentrations were slightly lower in affected 
individuals (17.69 ± 0.08 ng/ml) in comparison with 
the HCs group (19.28 ± 2.10 ng/ml); however, this 
variation was not statistically significant, as 
evidenced via the t-test value (6.152) and the p-value 
of 0.6074, which is well above the significance 
threshold of 0.01. This suggests that CTX 
concentrations do not differ statistically significantly 
among affected individuals and HCs groups, implying 
that bone resorption activity, as measured via CTX, 
may not be significantly affected 

 

Figure 2: Comparison among affected individuals and 
HCs in CTX-1 

This observation suggests that CTX concentrations 
may exhibit some variability among patient and HCs 
groups, but they may not serve as a strong, 
independent marker in this context. In comparison 
with preceding research, the recent outcomes are 
corresponding to certain researches and diverge 
from others. For instance, a significant positive 
correlation was observed among glycemic markers, 
mostly HbA1c, and CTX [31], with individuals 
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displaying the highest concentrations of CTX. 
Likewise, a biphasic linking among metabolism of 
glucose and CTX was emphasized, with moderate 
concentrations of CTX conferring protective impacts, 
while raised concentrations improve the dysglycemia 
predisposition [32]. These outcomes emphasize the 
probable function of CTX as a metabolic biomarker. 
On the other hand, the recent investigation did not 
observe such correlation, perhaps because of 
variations linked to properties of population, type of 
illness, size of sample, or therapeutic interventions. 
An investigation appraising CTX as a predictor of 
predisposition of osteonecrosis following aggressive 
dental procedures in affected individuals taking 
bisphosphonates observed that the outcomes did not 
assist CTX as a reliable predictor [33]. Another 
investigation established that role of CTX 
encompasses beyond metabolism of bones, as raised 
concentrations of CTX were negatively linked with 
measures of physical performance, including 
mobility and balance, in older adults [34]. Values of 
reference have been updated through groups of sex 
and age, with an emphasis on the physiological 
variability of CTX, predominantly during aging and 
growth [35]. 

Table 4: Comparison of MSTN and CTX-1 concentrations 
among males and women 

 
Parameters 

Means ±SE  
P-value Male Woman 

MSTN (ng\ml) 428.03 
±109.08 

460.58 
±49.15 

0.812 
NS 

CTX-1 (ng\ml) 15.27 ±5.16 18.04 
±2.29 

0.360 
NS 

NS: Non-Significant 

The results in Table 4 revealed a low level of both 
MSTN and CTX-1 in male in comparison with woman 
in comparison with woman. However, the p-values 
for both comparisons (0.812 for MSTN and 0.360 for 
CTX-1) indicate that these variations were not 
statistically significant, suggesting that gender did 
not exert a meaningful effect on either parameter in 
this sample. 

These results align with an investigation that 
revealed insignificant sex-related variation in urinary 
CTX-II among healthy individuals or osteoarthritis 
affected individuals, despite slightly higher mean 

values in women [36]. 

Conclusions  

Musculoskeletal circumstances are linked with 
alterations in composition of body and serious 
coexisting illnesses; however, circulating CTX-1 and 
MSTN alone may not be valid self-determining 
biomarkers. Their understanding needs 
incorporation with metabolic, medical and 
demographic profiles to enhance prognostic and 
diagnostic accuracy. While concentrations of CTX 
represent limited variability of sex, MSTN displays 
slight biological variations. Consequently, although 
no significant variations of sex were detected in this 
investigation, preceding evidence proposes that 
MSTN may apply sex-linked impacts on health of 
muscular tissues, calling for additional investigation 
in more and larger diverse cohorts. 
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