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Abstract
Background: Osteosarcopenia is referred to as co-incidence of osteoporosis/osteopenia and sarcopenia which is
defined as a geriatric syndrome with a significant prevalence that increases morbidity and mortality. There are some
relevant factors that can show an increased risk of incidence of osteosarcopenia.
Aim: We aimed to consider the association of bone turnover markers such as Osteocalcin (OC), C-terminal crosslinked telopeptide (CTX), Tartrate Resistant acid Phosphatase (TRAP), Bone Alkaline Phosphatase (BALP) and also other
factors like vitamin D, calcium, phosphorous, and ALP with osteosarcopenia in elderly.
Methods: We carried out a cross-sectional study on a random sample including 400 elder participants of Bushehr
Elderly Health (BEH) study, in Iran. Osteopenia/ osteoporosis was defined as a T-score ≤ -1.0 standard deviation below
the mean values of a young healthy adult. We defined sarcopenia as low muscle strength (handgrip strength<26 kg
for men and <18 kg for women) with reduced skeletal muscle mass [Skeletal muscle index (SMI) < 7.0 kg/m2 for male
and <5.4 kg/m2 for female]. Osteosarcopenia was considered as the presence of both osteopenia/osteoporosis and
sarcopenia. We estimated the age-standardized prevalence of osteosarcopenia for men and women, separately. We
used multivariable logistic regression to address the factors associated with osteosarcopenia.
Results: The results showed that there was a statistically significant difference in OC), CTX, TRAP were between the
osteosarcopenia (-) and osteosarcopenia (+) groups. No statistically significant difference was observed in BALP, vitamin D, calcium, phosphorous, and ALP between the compared groups.
In the multivariable logistic regression model, OC and CTX were associated with increased likelihood of osteosarcopenia [adjusted OR= 1.023(1.002-1.045 for OC, 4.363(1.389-15.474 for CTX)]. Furthermore, TRAP increases the odds of
osteosarcopenia in crude model [OR= 1.333 (1.070- 1.660)].
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Conclusions: We observed the association between bone turnover markers particularly OC, CTX and osteosarcopenia. Given the rapid growth of the aging population, we should focus on geriatric diseases such as musculoskeletal
disorders. Bone turnover markers maybe improve the early diagnosis, screening and assess the response to therapies
in people with osteosarcopenia.
Keywords: Osteosarcopenia, Bone turnover markers, Older people

Introduction
Osteopenia and sarcopenia are two important musculoskeletal disorders with adverse outcomes in older people.
The scenario could be more devastating when these conditions are present at the same time in the same patient.
Osteosarcopenia is recently defined medical terms that
refer to the co-incidence of both osteopenia and sarcopenia [1]. It is associated with higher fracture, morbidity, length of stay at the hospital, and mortality in elder
people and consequently could lead to increased burden
of disease [2, 3]. In such phenomenon, normal function both of muscle and bone tissues is interrupted due
to loss of bone density and decrease in muscle mass and
strength [2, 4, 5]. As the population is getting older, the
prevalence of osteosarcopenia is increasing [3, 6]. Musculoskeletal disorders are highly prevalent in developed
countries [3, 7] and the same patterns are expected for
developing countries like Iran that are faced with health
transition and population aging in the recent area [8–10].
Musculoskeletal disorders are also important in terms of
economic issues as they impose a large amount of direct
and indirect costs on people, health systems and societies
[11].
Several risk factors have already been addressed for
osteoporosis and sarcopenia. According to previous studies age, female gender, BMI, tobacco smoking, alcohol
consumption, and some drugs are associated with such
musculoskeletal disorders [12–14].
Assessment of musculoskeletal condition is possible by several preclinical methods which one of them
is measuring the level of bone turnover markers from
serum or urine sampling. The result of these laboratory
data gets ready faster and more convenient compared to
other predictive bone health preclinical methods such as
Bone mineral densitometry (BMD). The biomarkers are
available for the assessment of bone turnover condition,
including enzymes and non-enzymatic peptides which
are derived from the cellular and non-cellular compartments of bone [15].
Bone turn over markers are categorized into two
groups based on the metabolic phase during which they
are listed below:
1. Bone formation markers: Osteocalcin (OC), Bone
Alkaline Phosphatase (BALP).

2. Bone resorption markers.: C-terminal telopeptide
(CTX), Tartrate Resistant acid Phosphatase (TRAP).
.

Bone biomarkers are novel tools that assess the dynamics of bone remodeling with respect to bone formation and resorption [16]. The association between bone
turnover markers and osteoporosis are studied before in
recent decades [16, 17]. The high bone turnover markers could predict the risk of osteoporotic fractures in
postmenopausal women. These markers not only detect
bone remodeling and diagnosis but also provide information on the therapeutic monitoring of osteoporosis
[16, 18]. Furthermore, osteoporosis and sarcopenia are
two important diseases with overlapping risk factors and
pathogenesis. Common biochemical pathways, mechanical and endocrine factors have been identified that affect
both muscle and bone units [19]. Previous studies found
that a relationship between bone markers and sarcopenia
[20]. It seems that these factors are necessary to maintain
muscle mass with promoting protein synthesis [21].
Therefore, when occurring together osteoporosis and
sarcopenia, there are intensive and complex interactions,
both mechanically and biochemically [22].
In the present study, we aimed to evaluate the association between laboratory and bone turnover biomarkers with osteosarcopenia in our study population. Bone
turnover markers maybe improve the early diagnosis, and
screening in people with osteosarcopenia.

Materials and methods
We carried out a cross-sectional study on a random
sample of the second stage of BEH program. The BEH
(Bushehr Elderly Health) program is a population-based
prospective cohort study being performed in Bushehr, a
southern province in Iran In brief, overall 3000 persons
aged ≥60 years were recruited using a multistage, stratified cluster sampling method [23]. The second stage of
the BEH program [24], 2426 participants were included
to investigate on musculoskeletal health. In current study,
a random sample from stage II of BEH study was selected
to assess the bone turnover marker level and some other
biochemical laboratory tests such as Vitamin D, calcium,
and phosphor in the blood samples.
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Exclusion criteria were intake of immunosuppressive
drugs, history of hyper-parathyroid, history of cancer,
chronic kidney and liver disease, sarcoidosis. Therefore,
397 individuals aged ≥60 years without missing data of
bone markers and free from anti-osteoporotic drugs,
calcium ,and vitamin D supplementation since at least
6 months were included in this study.
The study protocol was reviewed and approved by
the Research Ethics Committee of both Bushehr University of Medical Sciences and Endocrinology and
Metabolism Research Institute and also ethics committee of Tehran University of Medical Sciences. All methods in thisstudy were performed in accordance with the
relevant guidelines and regulations. The study participants completed written informed consent before the
study.
Data were collected through the comprehensive questionnaires including sociodemographic characteristics,
general health, medical history, and lifestyle data during
an interview that was performed by a trained interviewers. A fixed stadiometer and a digital scale were used for
the measurements of height and weight, respectively.
Waist circumference (WC) was measured at a point midway between the iliac crest and the lowest rib in standing
position. Body mass index (BMI) was calculated by the
formula weight (kg) / [height (m)]2. The physical activity level was evaluated by a standard questionnaire-based
on metabolic equivalent (MET) levels [25]. The activities were included in the physical activity scale, organized in nine different MET levels ranging from sleep/
rest (0.9 METs) to high-intensity physical activities (6
METs). The time of each activity multiped of MET level
in 24 h named physical level of each individual. According to physical activity level, four lifestyle categories are
defined (sedentary: 1-1.39, low active: 1.4-1.59, active:
1.6-1.89, very active: 1.9-2.5). We divided the study population into two categories; low physical activity (sedentary and low active) and high physical activity (active and
very active).Blood pressure (BP) was measured twice in
a seated position after 15 min rest a standard mercury
sphygmomanometer.
Dual x-ray absorptiometry (DXA, Discovery WI, HologicInc, USA) was used to measure bone mineral density,
fat mass, and muscle mass. In BMD assessment at L1–L4
level, first requirement is correct positioning of patient.
The spinous process should be centered in straight midline and should include part of the sacrum (ilium) and
part of a vertebra with ribs (usually T12).In BMD assessment at femoral neck, lesser trochanter should be just
visible.
To evaluate skeletal muscle mass, we used total body
scans using DXA.we calculated appendicular skeletal
muscle mass (ASM) as the sum of lean mass from four
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limbs. A skeletal muscle mass index (SMI) was defined as
ASM divided by squared height.
Muscle strength was measured by handgrip strength,
using a digital dynamometer. The participant seated,
elbow at side and 900 and the hand in a neutral position. The measurement was carried out three times for
each hand and maximum grip strength was calculated
by taking the highest measurement from both hands
[26]. Usual walking speed (m/s) on a 15 feet (4.57-meter)
course measured manually with a stopwatch to measure
gait timing [27, 28]. A single cut-off speed ≤0.8 m/s was
called low performance for both genders [29].
Definition of terms

Osteosarcopenia (+) was the main interesting outcome
of the current study that is defined as a new syndrome
contain both osteoporosis/osteopenia and sarcopenia at
the same time. According to WHO standard criteria [30],
bone mineral density (BMD) lower than 1 SD below the
reference mean (T-Score ≤ -1) in either the femoral neck,
lumbar spine or total hip were categorized as osteopenia/
osteoporosis [31]. Diagnosis of sarcopenia was based on
low muscle strength and low muscle mass according to
the European Working Group on Sarcopenia in Older
People (EWGSOP-2) with Iranian cutoff point. Low muscle mass was defined as the SMI lower than 7.0 kg/m2 for
male and 5.4 kg/m2 for female, low muscle strength was
lower than 26 kg for male and 18 kg for female, and low
physical performance was lower than 0.8 m/s for both
genders [10, 29, 32]. People without osteoporosis/osteopenia and sarcopenia at the same time named Osteosarcopenia (-).
Current smokers was defined as participants who who
smokes at least one cigarette per day or uses a hookah or
pipe once daily at the time of evaluation. Diabetes mellitus type 2 was defined as the amount of fasting blood
glucose above 126 mg/dl or taking any anti-diabetic
medication. Hypertension was defined as SBP ≥ 140
mmHg or DBP ≥ 90 mmHg or taking any anti-hypertensive medications. Hypercholesterolemia was defined as
TC ≥200 mg/dl, low HDL-C as < 40 mg/dl for men and
< 50 mg/dl for women, and hypertriglyceridemia as TG
≥150 mg/dl [33].
High-fat mass is described as total body fat percent >
30 % for males and > 40 % for females measuring by body
composition analyzer [34].
Biochemical measurements

Patients’ lipid profile and blood glucose were measured
by assessing venous samples, drawn after overnight fasting. Using the enzymatic colorimetric method with cholesterol esterase and cholesterol oxidase, total cholesterol
(TC) was determined. Details for the measurements of
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fasting plasma glucose (FPG), high-density lipoprotein
(HDL-C), low-density lipoprotein cholesterol (LDL-C)
and triglyceride (TG) were reported elsewhere [24]. In
this study, We collected data on serum bone biomarkers
including Osteocalcin (OC), Bone Alkaline Phosphatase
(BALP), C-terminal cross-linked telopeptide (CTX),
Tartrate Resistant acid Phosphatase (TRAP), and also,
vitamin D, calcium, phosphor and Alkaline Phosphatase
(ALP).
OC and CTX were measured by electrochemiluminescence immunoassay method (Roche Diagnostics
GmbH). TRAP, BALP, and 25-Hydroxy Vitamin D levels
were measured by ELISA method (Immunodiagnostic
systems, UK). Calcium (arsenazo), Phosphorous (Phosphophomolybdate) and ALP (DGKC) were measured by
commercial kits (parsazmoon, Tehran, Iran) (Supplement
Table 1).
Statistical analysis

Quantitative data were described as mean and standard
deviation (SD) for normally distributed data, based on
the Shapiro-Wilk test, while non-normal variables were
presented as median (interquartile range: P25-P75).
Categorical data were explained by numbers and percentage. The osteosarcopenic and non-osteosarcopenic
populations were compared for the baseline characteristics using Pearson’s Chi-square test for the categorical,
and independent sample t-test for continues variables.
We used multivariable logistic regression to examine
the association between biomarkers and osteosarcopenia. Adjusted for confounding variables. Adjustment was

done for the variables that showed a p-value of 0.2 or
lower in univariable analysis.
Data were analyzed using the Stata 14 software (StataCorp. 2015. Stata Statistical Software: Release 14. College
Station, TX: StataCorp LP) and P≤0.05 was considered
as statistically significant in all tests.

Results
Among 397 participants, 19.1 % had osteosarcopenia.
Overall, 211 study participants were female and no statistically significant difference was observed regarding
gender distribution between the compared groups. The
total average age of study participants was 69.2±6.3 years
and the osteosarcopenia (+) group (72.9±7.3 years) was
significantly older than the osteosarcopenia (-) group
(68.3±5.7 years) (P-value<0.001). Education level in
the osteosarcopenia (-) group was considerably higher
than osteosarcopenic subjects (P-value<0.001). Current tobacco smoking was reported by 71 participants
(17.9 %) and the proportion of diabetes was higher in
osteosarcopenic people than people without osteosarcopenia. We compared BMI, physical activity, waist circumference and body fat mass between osteosarcopenia
(-) and osteosarcopenia (+) groups, and all the investigated characteristics were pretty higher in the osteosarcopenia (-) group. According to Table 1 mean BMI (28.6
vs. 23.8) and proportion of high body fat mass (73.8 %
vs. 60.5 %) were drastically higher in the osteosarcopenia (-) group in comparison to the patients with Osteosarcopenia (P-value<0.05). Besides, we highlighted that

Table 1 Study participants demographic and clinical characteristics
Total
(n=397)

Osteosarcopemnia(-)
(n=321)

Osteosarcopenia(+)
(n=76)

P-value

0.681

Sex, n (%)
Women

211 (53.1)

169 (52.6)

42 (55.3)

Men

186 (46.9)

152 (47.4)

34 (44.7)

Age (Years)
Weight (Kg)

69.2 ±6.3

69.5±12.9

68.3 ±5.7

72.2±12.1

72.9 ±7.3

58.2±9.9

<0.001
<0.001

Height (Cm)

158.4±9.1

159.0±9.1

155.9±8.8

0.006

Waist circumference (Cm)

99.1±11.2

100.9±10.7

91.3±9.4

<0.001

Body mass index (Kg/m2)
Education (Years)

27.7 ±4.7

4.9 ±5.1

28.6±4.7
5.4 ±5.1

23.8 ±2.8

2.7 ±4.4

<0.001
<0.001

Current Smoking, n (%)

71 (17.9)

57(17.8)

14(18.4)

0.901

Physical activity, n (%)

87 (21.9)

79(24.6)

8 (10.5)

0.008

High fat mass, n (%)

280 (71.2)

234 (73.8)

46 (60.5)

0.021

Diabetes mellitus, n (%)

105 (26.4 %)

79 (24.6)

26 (34.7)

0.076

Systolic blood pressure (mmHg)

140.5±18.3

141.4±18.1

136.9±18.8

0.053

Diastolic blood pressure(mmHg)

81.4±8.4

82.0±8.4

78.8±7.9

0.003

Data are presented as mean (standard deviation), number (percent)
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osteosarcopenia (-) group was physically more active
than osteosarcopenic patients (P-value= 0.008) (Table 1).
In Table 2 we compared bone biomarkers between
osteosarcopenia (-) and osteosarcopenia (+) participants.
According to Table 2, the median of OC was 21.4 ng/ml
for the osteosarcopenia (-) group, while it was 24.0 ng/ml
in osteosarcopenia (+) group (P-value=0.043). Moreover,
the reported values of CTX for participates without Osteosarcopenia (median= 0.395 ng/ml) was significantly
lower than osteosarcopenia (+) patients (median = 0.465
ng/ml) (P-value= 0.014). We also observed a statistically
significant difference between compared groups regarding TRAP where the median of TRAP in osteosarcopenia (-) and osteosarcopenia (+) groups were 3.30 U/L and
3.65 U/L, respectively (P-value=0.001). No statistically
significant difference was observed in BALP, vitamin D,
calcium, phosphorous, and ALP between the compared
groups (P-value>0.05) (Table 2).
The association between osteosarcopenia and bone
biomarkers was also investigated adjusted for potential
variables including age, sex, BMI, high fat mass, education level, physical activity, and diabetes status using
the multivariable logistic regression models. The results
showed that OC and CTX were associated with increased

likelihood of osteosarcopenia (OC: adjusted OR= 1.023,
95 % CI= 1.002-1.045; CTX: adjusted OR= 4.363, 95 %
CI= 1.389- 15.474). Furthermore, crude model showed
that TRAP increases the odds of osteosarcopenia (crude
OR= 1.333, 95 % CI= 1.070- 1.660), and this association
after adjusted for other factors was disappeared (Table 3).

Discussion
In the current cross-sectional study, we evaluated the
relationships between bone markers and osteosarcopenia. We found higher serum of OC, CTX, and TRAP in
participants with osteosarcoepenia compared with people without osteosarcopenia. Also, these factors were
positively associated with osteosarcopenia in crude models and OC and CTX remained even after adjusting for
other confounding factors.
Some studies showed that there is the interaction
between muscle and bone in health and disease [17,
35]. These two organs are connected through biochemical pathways, mechanical and endocrine factors. For
example, insulin resistance, decreased glycogen synthesis and mitochondrial dysfunction cause muscle loss in
diabetes states. Oxidative stress, chronic hyperglycemia
and advanced glycation end products (AGEs) also may

Table 2 Comparison of biomarkers between normal and Osteosarcopenia groups
Bone marker
Osteocalcin, ng/ml
C-terminal cross-linked telopeptides (CTX), Pg/ml

Osteosarcopenia(-)

Osteosarcopenia(+)

P-value

21.40 (16.90-28.35)

24.05 (18.32-31.60)

0.043

0.395 (0.29-0.56)

0.465(0.340-0.598

0.014

Bone alkaline phosphatase(BALP), U/L

15.85 (12.5-20.15)

16.29 (13.20-20.90)

0.283

Tartrate-resistant acid phosphatase (TRAP), U/L

3.30 (2.70-4.00)

3.65 (3.20-4.30)

0.001

Vitamin D,nmol/l

42.20 (24.95-62.05)

40.95 (27.78-64.83)

0.653

Calcium, mg/dl

9.30 (9.00-9.60)

9.30 (9.10-9.50)

0.702

Phosphorus, mg/dl

4.01 (3.61-4.34)

4.16 (3.70-4.58)

0.111

Alkaline phosphatase, U/L

206.5 (181.0-240.0)

200.0 (169.0-237.0)

0.647

Data are presented as median(Interquartile range)

Table 3 Relationship between biomarkers and osteosarcopena in different models
Exposure

Model 1
(OR (95 % CI)

Model 2
(OR (95 % CI)

Osteocalcin

1.019(1.003-1.035)

1.023(1.002-1.045)

C-terminal cross-linked telopeptides (CTX)

3.552(1.472-8.573)

4.363(1.389-15.474)

Bone alkaline phosphatase(BALP)

1.009(0.986-1.033)

1.017(0.991-1.044)

Tartrate-resistant acid phosphatase (TRAP)

1.333(1.070-1.660)

1.170(0.870-1.574)

Vitamin D

1.002(0.996-1.008)

1.001(0.994-1.008)

Calcium

0.863(0.539-1.383)

1.038(0.584-1.846)

Phosphorus

1.376(0.878-2.158)

1.075(0.594-1.947)

Alkaline phosphatase

0.999(0.996-1.003)

1.001(0.997-1.005)

Model; No adjustment
Model 2; adjusted for age, sex, Body mass index, diabetes, physical activity, education, High fat mass
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decrease bone formation and suppress differentiation of
myogenic genes [35, 36]. It suggested a common mechanism via bone- muscle interaction. In this regard, the
results of our study also showed that individuals with
osteosarcopenia have more endocrine dysfunction such
as diabetes.
Bone markers represent the molecules directly connected to both the structure and function of bone
tissue. Bone remodeling is composed of some bone
formation and bone resorption markers. These factors
indirectly influence muscle [17]. Of those, osteocalcin with the main role in skeletal remodeling regulates
β-cells and insulin secretion in muscle and therefore is
effective on muscle mass and strength [35]. Also, OC
directly promotes protein synthesis in myotubes and
thus it can responsible for muscle maintenance during
aging [21].
In many studies, the levels of osteocalcin have been
different between osteoporotic and non- osteoporotic people and serum OC may be useful for the assessment of osteoporosis and the prediction of the fracture
risk in older people [17, 37]. A recent study found that
the relationship between OC and skeletal muscle mass
and muscle function in postmenopausal women [20]. So,
favorable effects of OC on the interaction between bone
and muscle can be suggested in osteosarcopenic people.
Our findings also showed that an association between
OC and osteosarcopenia according to the multivariable
logistic regression. Drey et al. demonstrated OC was significantly increased in osteosarcopenic people and their
results were similar to our findings in this regard [22].
The diverse association between OC and bone density
has already been shown in previous studies and it could
be considered as the underlying cause of the increased
risk of osteosarcopenia in those with higher OC [38].
Muraca et al. have highlighted the role of extracellular
vesicles (EVs) in causal pathway of OC and Osteosarcopenia [39]. EVs are known as one essential factor for
intercellular communication and play a major role in
signaling and expression of couple molecules including
lipids, proteins, and nucleic acids and any change in such
agents will cause gene expression and their function. As a
result the change in EVs is associated with change in OC
density and consequently affect the incidence of osteosarcopenia [39]. Several other studies have reported OC as a
predictive factor of fracture and osteosarcopenia in elder
people [40, 41]. However, in a couple of other studies, no
association between OC and osteosarcopenia has been
reported that was in contrast with our findings [13]. In
this study, only postmenopausal women were recruited
that was completely different from the investigated population in the current study and different findings might be
due to different study population.
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Another bone turnover factor is CTX as a bone resorption biomarker that is released during collagen degradation [17]. This marker increases with age and menopause
and serum levels may predict bone loss and fracture risk.
Also, CTX is a specific and sensitive bone resorption
marker that rapidly shows the response to treatment in
postmenopausal osteoporotic women [42].
Moreover, we observed an increased likelihood of osteosarcopenia in elders with a higher level of CTX similar
to other study in osteosarcopenic people [22].
However, some studies have shown the relationship
between other bone turnover biomarkers such as TRAP,
BALP with osteoporosis, relatively few studies have
examined the association these markers with skeletal
muscle and also combined indices of body composition
[17, 19]. Our results showed that the TRAP was significantly higher in osteosarcopenic people and it was associated with risk of osteosarcopenia in the crude model.
However, after adjustment for confounding variables this
association disappeared.
Although in this study, we showed that the rate of many
bone markers is higher in osteosarcopenic individuals, we performed an additional analysis to determine
whether this association is due to osteopenia or osteopenia with sarcopenia (osteosarcopenia). In this analysis,
individuals were divided into three groups include; individuals with osteopenia/ osteoporosis (+), osteosarcopenia (+), and people without osteopenia/ osteosarcopenia
(control group). The results showed that the medians of
bone markers; OC, CTX, and TRAP were significantly
higher in people with osteosarcoma than in people with
osteopenia. This suggests that the presence of osteopenia
+ sarcopenia (osteosarcopenia) beyond osteopenia alone
is involved in the association of markers with this phenomenon (Supplement Table 2).
Other factors influencing muscle and bone metabolism include deficiencies in calcium, and vitamin D,
which affect the quality of these tissues. Because of bone
is the largest source of calcium and its intake can prevent
from osteoporosis [43]. Also, calcium influences on neuromuscular function and therefore it can reduce sarcopenia [44]. The role of vitamin D in protection of bone and
muscle is well established. Previous studies showed that
people with low vitamin D have low muscle mass and low
bone mass and it seems that the deletion of the vitamin
D receptor in bone and muscle is as a possible mechanism for reducing of function of both tissue [45, 46].We
found no association between vitamin D level and risk of
osteosarcopenia, whereas in two previous studies vitamin D has been demonstrated as one of contributing factor in the etiology of osteosarcopenia. According to Kim
et al. patients with osteosarcopenia was associated with
increased vitamin D level, while we did not found such
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association [47]. Kim et al., have performed their study
on obese people and their sample was different from our
study participants in this regard. Moreover, vitamin D
deficiency is considered public health challenge and most
the Iranian people have the level of vitamin D deficiency.
According to one study in Iranian adults, the prevalence
of mild, moderate, and severe vitamin D deficiency was
19.6 %, 23.9 %, and 26.9 %, respectively that shows our
sample was homogenous in terms of vitamin D deficiency
[48]. In addition, results of a carried out systematic
review have shown a high level of heterogenic in results
of previous studies regarding the association between
vitamin D and osteosarcopenia and it is still regarded as a
controversial issue [49].
We carried out our study on a community-based subject’s recruited from a population-based health program that is a better representative of the Iranian elder
population. Moreover, the current study is one the least
attempts to investigate the association of bone biomarkers with osteosarcopenia etiology. However, the
current study is not free from limitations, and our findings must be interpreted in the context of our limitations. We had a relatively low sample size and limited
statistical power that prohibited us to perform subgroup analysis and could reduce the generalizability of
our findings. Also, we did not have the data of Pro-collagen type 1 N-terminal Propeptide (P1NP) as the most
sensitive biomarker to measure bone formation rate
in osteoporosis. Moreover, we were not able to assess
temporality due to cross-sectional nature of our study.

Conclusions
We found a valuable association between a high level of
OC and CTX and incidence of osteosarcopenia which
these bone turnover markers can easily check in serum
sampling and can have an important role in estimating
the risk of osteosarcopenia incidence. Given the rapid
growth of the aging population, we should focus on
geriatric diseases such as musculoskeletal disorders.
Bone turnover markers maybe improve the early diagnosis, screening and assess the response to therapies in
people with osteosarcopenia.
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