Original paper

Reumatologia 2024; 62, 2: 121-127
DOI: https://doi.org/10.5114/reum/187096

Bone turnover markers and muscle decay indicator in patients
with proximal femur fracture — a case-control study

Marcin tapinski! , Krystian Zarnovsky! », Katarzyna Czarzasta? ©, Bartosz Maciag! ",
Grzegorz Maciag! P, Olga Adamska® 1, Artur Mamcarz?® 0, Artur Stolarczyk! 10

Department of Orthopedics and Rehabilitation, Medical University of Warsaw, Poland

2Department of Experimental and Clinical Physiology, Medical University of Warsaw, Poland

3Department of Internal Medicine and Cardiology, Medical University of Warsaw, Poland

Abstract

Introduction: Fracture of the proximal femur is common in elderly patients, in fact threatening their lives.
Age-related sarcopenia may be involved in the imbalance resulting in the injury. Handy and readily accessible
biochemical tests would be useful to assess the musculoskeletal system condition in daily practice. The aim
of the study was to determine whether there is any relation between muscle decay and fracture of the proximal
femur and to assess bone quality in elderly patients.

Material and methods: In the study 22 patients who represented the treatment group were hospitalized due
to proximal femur fracture. Eighteen patients from the control group with no fracture in their history were
admitted to the Internal Medicine Department. Anyone treated for osteoporosis, immune disease affecting
protein balance, neoplasm, mental illness, heart failure, or myocardial infarction was excluded from the study.
In every case a blood sample from an elbow vein was drawn, collected in EDTA-K2 tubes, and then centrifuged
to separate plasma from the whole blood. Subsequently, the concentrations of C-terminal cross-linked telopep-
tide of type I collagen (CTX-I), sex hormone binding globulin (SHBG) and creatine kinase (CK) in plasma were
determined using commercial enzyme-linked immunosorbent assays.

Results: The CK plasma concentration differed between the patient groups (p = 0.011). The SHBG plasma con-
centration was significantly higher in the treatment group (p = 0.006), whereas a slight difference in CTX-I pla-
sma concentration between the groups was found (p = 0.038). No significant correlations between plasma CK,
SHBG or CTX-I were found (p > 0.05).

Conclusions: Creatine kinase is actually not an appropriate marker for the clinical assessment of muscle tissue
quality in patients with or at risk of proximal femur fracture. Analyzing the quality of bone tissue, we can conc-

lude it was poorer in patients with proximal femur fracture than in the control group.

Key words: creatine kinase, sex hormone binding globulin, proximal femur fracture, C-terminal

cross-linked telopeptide of type I collagen.

Introduction

Nowadays, thanks to medical advances an increased
life expectancy may be observed. As a result, by 2050,
more than 20% of people in society will be over 65 years
old [1]. At present a healthy lifestyle based on physical
activity is widely propagated. Unfortunately, this can
lead to an increased number of injuries, especially in
the above-mentioned age group. In terms of possible
fractures, it is the proximal end of the femur, an area

of their highest risk, which currently is a leading cause
of hospitalization on trauma units [2]. These types of in-
juries are burdened with numerous complications, af-
fecting patient mortality [3]. The fracture itself may be
promoted by poor quality of bone structure. Nowadays,
well-known and defined factors impairing bone tissue
are osteoporosis, glucocorticosteroids, bone tumors and
hormonal disorders [4, 5]. However, it has not been prov-
en whether another factor predisposing to fracture is
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decreased muscle mass, especially considering age-rela-
ted sarcopenia and the fact that the muscular system
is responsible, among other things, for body balance,
loss of which is one of the leading causes of falls and
fractures [6, 7]. At present, the assessment of muscle
tissue and bone quality necessitates carrying out dedi-
cated and involving diagnostic tests [8, 9]. Gold stan-
dard measurement methods are costly, involve technical
assistance and are associated with radiation exposure
[10, 11]. Defining any biochemical factors indicating
a patient’s higher predisposition to a proximal femur
fracture (PFF) would be an easier and more readily avail-
able testing method. Therefore, the aim of our study
was to define any relationship between muscle decay,
determined by creatine kinase (CK), and PFF. Its signifi-
cance in orthopedics is to date not fully explored, which
creates a field for further research. Additionally, we de-
cided to assess the bone quality in elderly patients on
the basis of the C-terminal cross-linked telopeptide of
type | collagen (CTX-I) and sex hormone binding glo-
bulin (SHBG) plasma levels. These proteins are proven to
be useful markers reflecting bone remodeling and con-
dition [12, 13]. We also evaluated the relation between
CK and these recognized bone turnover markers.

Material and methods

The manuscript was prepared following STROBE
guidelines.

In this observational study 40 consecutive patients
were enrolled. They were all admitted to the 3™ level
Medical University of Warsaw hospital between July 11
2022 and April 21%t 2023. The treatment group (TG) was
hospitalized in the Department of Orthopedics and
Rehabilitation due to fracture of the proximal femur.
The control group (CG) was formed by the patients treat-
ed in the Department of Internal Medicine.

Study design

All the individuals were primarily included in
the study if they met the following criteria: age over
65 years, fluency in Polish speaking, and in terms
of the treatment group fracture of the proximal femur.
The exclusion criteria were as follows: prevalent frac-
ture, history of neoplastic disease, treatment of osteopo-
rosis, mental illness and immune disease affecting pro-
tein balance. All the patients from the treatment group
were found to be eligible for the surgery. According to
the history all the fractures resulted from own-height
falls which were actually low energy injuries. Those
who suffered from femoral neck fracture underwent
hemiarthroplasty (MultiPolar/Taperloc, ZimmerBiomet)
or total hip arthroplasty (G7/Taperloc, ZimmerBiomet).
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Transtrochanteric fractures were fixed with the use
of an intramedullary nail (Biomet Affixus). All the opera-
tions were performed by the same experienced ortho-
pedic surgeon. In the control group in every case a blood
sample from an elbow vein was drawn at the admission
to the department, and in the treatment group imme-
diately before being admitted to the operating theater.
It was collected in EDTA-K2 tubes and then centrifuged
(Eppendorf Centrifuge 5804 R; 1600 rpm) to separate
plasma from the whole blood. The plasma was stored
in the freezer at —4°C. Subsequently, the concentration
of C-terminal cross-linked telopeptide of type I collagen
(CTX-I; AC-02F1; Immunodiagnostic Systems Holdings
Ltd.), SHBG (EIA-2996; Immunodiagnostic Systems Hol-
dings Ltd.), CK (EIA-4112) was determined in plasma
using commercial enzyme-linked immunosorbent as-
says (ELISA), according to the instructions provided by
the manufacturer. All the variable measurements were
conducted in the same laboratory (Center for Preclinical
Research and Technology, Medical University of Warsaw,
Poland). The obtained results were statistically analyzed.

Statistical analysis

Statistical analysis of obtained results was perfor-
med. All comparisons were performed between indepen-
dent variables. To assess the correlation between given
variables Spearman’s coefficient was used. For compari-
sons between continuous variables the Mann-Whitney
U test with t-approximation was utilized. The a-value
was set at 0.05. All statistical analyses were conduct-
ed using SAS software, Version 9.4 for Windows (SAS
Institute Inc., NC, USA). For the results the mean and
the standard deviation were reported for a normally dis-
tributed variable. Otherwise, the median with 25™ and
75™ percentiles (Q1 and Q3) was provided. The outliers
were not excluded from the study. These values are de-
picted in the figures as hollow dots.

Bioethical standards

This study was registered at ClinicalTrials.gov with
the registration number NCT05804604. Institutional
Ethics Committee approval was obtained (approval num-
ber: KB/152/2021) and every participant signed written
consent to participate. The procedures used in this study
adhere to the tenets of the Declaration of Helsinki.

Results

The TG consisted of 22 patients, and the CG consist-
ed of 18 patients. Mean age of participants in the TG was
83.5 7.3 and in the CG 79.05 +9.35 years. Mean body
mass index (BMI) of patients in the TG was 22.6 +1.8 and
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Table I. Baseline characteristics

Parameter Treatment Control p-value
group group
Number of patients 22 18 -

Mean age [years] 83.5+7.3 79.05+9.35 0.1
Mean BMI 22.6 +1.8 234 1.4 0.37
Female : Male 15:7 11:7 0.64
BMI - body mass index.
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Fig. 2. Sex hormone binding globulin (SHBG)
plasma concentration in control and treatment
groups. Median value is provided with the blue
horizontal line within the box. Lower and up-
per green borders of the box correspond to Q1
(1%t quartile) and Q3 (3™ quartile), respectively.
Lower and upper whiskers reflect 1.5*IQR (inter-
quartile range).

in the CG 23.4 +1.4. Baseline characteristics of the par-
ticipants are presented in Table I.

The analysis of the plasma samples revealed statis-
tically significant differences between treatment and
control groups in concentrations of all studied proteins.
Plasma CK concentration varied between the studied
patient groups: TG = 5.07 ng/ml (IQR = 3.7) vs. CG =
2.03 ng/ml (IQR = 2.5); p = 0.011 (Fig. 1). Additionally,
the SHBG plasma concentration was significantly higher
inthe TG (5.7 nmol/l with IQR = 8.1) compared to the CG
(2.3 nmol/l with IQR = 3.0); p = 0.006 (Fig. 2). In turn,
a slight difference was found in plasma CTX-I concen-
tration between groups: TG = 4.3 ng/ml with IQR = 3.6
vs. CG = 4.4 ng/ml with IQR = 0.1; p = 0.038 (Fig. 3).

Additionally, no significant correlations were found
between age, plasma concentration of CK and markers
reflecting bone remodeling and conditions: SHBG and
CTX-lin the TG as well as in the CG (Figs. 4, 5).
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Fig. 1. Creatine kinase (CK) plasma concentra-
tion in control and treatment groups. Median
value is provided with the blue horizontal line
within the box. Lower and upper green borders
of the box correspond to Q1 (1t quartile) and
Q3 (3" quartile), respectively. Lower and upper
whiskers reflect 1.5*IQR (interquartile range).
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Fig. 3. C-terminal cross-linked telopeptide of
type | collagen (CTX-I) plasma concentration in
treatment and control groups. Median value
is provided with the blue horizontal line with-
in the box. Lower and upper green borders
of the box correspond to Q1 (1t quartile) and
Q3 (3 quartile), respectively. Lower and upper
whiskers reflect 1.5*IQR (interquartile range).

Discussion

The present study investigated any relationships
between the breakdown of muscle tissue and the inci-
dence of PFF. In addition, the bone quality of our pa-
tients was assessed. The most important finding of our
research is that patients with this type of fracture tend
to have a worse condition of the skeletal system than
their counterparts.

Reumatologia 2024; 62/2
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Fig. 4. Control group — correlation between cre-
atine kinase (CK), C-terminal cross-linked telo-

peptide of type | collagen (CTX-I), sex hormone
binding globulin (SHBG), and age.

In our study we conducted an analysis of three pro-
teins. The first of these is SHBG, which is a glycopro-
tein playing an important role in regulating bone turn-
over and its mass [14]. It may indirectly affect fracture
risk by binding estradiol and testosterone. As a result,
the higher level of SHBG reduces the concentration
of free and bioavailable sex glucocorticosteroids, lower-
ing bone mass density [15, 16]. Patients with PFF had
a significantly higher SHBG plasma level than those from
the CG. That may indicate that the bone condition in
the TG was basically worse. Similar observations were
made by Varavsky et al. [17]; they proved that SHBG
plasma concentration was related to bone mass and as
a result vertebral fractures (VF). In their analysis as well
as in ours, the higher the SHBG level was, the lower was
the measured bone mass, which led to increased fracture
prevalence. Their treatment group, however, consisted
of patients with prostate cancer, which in our case was an
exclusion criterion. Neoplastic disease, especially the type
that metastasizes to the bones, affects the level of plasma
proteins, including bone turnover markers [18, 19].

Nevertheless, their conclusions are consistent with
a study from Vandenput et al. in which cancer patients
represented approximately 10% of a large (more than
4,000) study group. They also concluded that a high
SHBG level predicts the incidence of clinical and ra-
diographic VF in elderly men, primarily. It also adds
some information for VF risk prediction irrespectively
of the other factors such as smoking, previous fractures,
some chronic diseases, or alcohol abuse [15]. Our results
demonstrate that the plasma concentration of SHBG
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Fig. 5. Treatment group — correlation between
creatine kinase (CK), C-terminal cross-linked te-
lopeptide of type | collagen (CTX-I), sex hormone
binding globulin (SHBG) and age.

is not influenced by age, which according to Cawthon
et al.[20] could make it an independent predictive factor
for fracture. Although the conclusions from our study are
based on PFF rather than VF, the results are consistent
with each other. What is interesting is the fact that in our
study patients with PFF had higher levels of both SHBG
and CK — a marker of muscle decay. Similar outcomes
were obtained by Ellis et al. [21]. In their study it turned
out older adult women with higher SHBG concentra-
tion had lower muscle mass and volume. Although we
cannot draw the same conclusions, as in our study MRI
examination was not conducted, nor was muscle index
calculated, we are inclined to believe so.

C-terminal cross-linked telopeptide of type | collagen
is considered a reference marker of bone resorption,
which is a useful tool for fracture risk assessment and
therapy monitoring in clinical settings [22, 23]. It reflects
the activity of osteoclasts and bone remodeling [24]. Kirk
et al. [25] reached the conclusion that higher CTX levels
are related to poorer muscle function of the lower limb.
Also in our study patients affected by fracture were
revealed to have greater muscle decay, which was ac-
companied by higher level of CTX-I as well. With muscle
damage their function is assumed to get poorer. That
is a noteworthy finding, requiring a thorough analysis,
especially considering age-related progressive sarcope-
nia, and the higher tendency to trauma associated with
imbalance due to lowered muscle mass and strength [26].
Our results are consistent with a meta-analysis by Tian
et al. [27] where an association between CTX-I and frac-
ture risk was found. Also Greenblatt et al. [28] described
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in their study the role of bone turnover markers, including
CTX-l, as a bone condition indicator, which may anti-
cipate its fracture.

The literature shows several studies regarding
the level of CK as a reference marker for muscle decay
[29]. Its utility is prevalent in the laboratory tests during
certain diagnostic processes [30, 31]. Any disturbance in
muscle metabolism leads to a cellular cascade of events,
starting with depletion of ATR by ATPase pump dysfunc-
tion, ending with CK leakage into the circulation [32, 33].
An elevated plasma CK concentration would indicate
previous tissue damage, and as a consequence, reduced
volume of muscle tissue. In our research the level of CK'in
patients with PFF was nearly twice as high as in the CG.
That would suggest the fracture itself is a direct cause
of muscle injury. However, in 86% of the operated cases,
muscles surrounding the hip and the area of the frac-
ture seemed to be macroscopically intact as identified
during visual inspection intraoperatively. Nevertheless,
out of sight damage could not be ruled out.

Moreover, the fractures of the proximal femur
were, as usual, not displaced themselves. They are also
low-trauma injuries; hence no local tissue traumatization
was observed. In addition, our patients were operated on
within an average of 60 h (between 42 and 72 h), mostly
because of a necessity of surgery delay due to permanent
NOAC treatment. However, after such a time the level
of CK should at least normalize [34, 35], so there was no
need to assess its dynamics. In our study the differences
in patients’ CK concentration between the extreme time
points (42 h vs. 72 h) were slight anyway. Taking it into
consideration, we can assume that the condition of mus-
cle tissue in the TG was basically worse. Nevertheless,
some studies suggested that sarcopenia-induced low
quality of muscle tissue in elderly patients was manifest-
ed by lower levels of CK [36].

However, CK level itself may be affected by medica-
tions, race, physical activity or even temporary inflam-
mation [37]. This applies especially to elderly patients,
often burdened with multiple conditions. The group
of medications most often associated with an increase
in CK level is statins, but the increases described in
the literature usually exceed the norm by at least 5 to
10 times, which we did not observe in our study. Addi-
tionally, no patient experienced an episode of rhabdo-
myolysis according to their histories. They had been
taking statins or other drugs such as B-blockers or
angiotensin Il receptor blockers long befare inclusion in
this study, so they were under constant supervision by
their GR who did not detect any potential deviations in
physical examination or laboratory tests.

In addition, researchers highlight a concomitant role
of CXCL12a, CAF22 and osteonectin [38, 39]. Elevated
plasma CXCL12a was previously associated with lower

bone density and increasing age, which is often accom-
panied by sarcopenia [26, 40]. Osteonectin, on the other
hand, emerged as a useful biomarker to predict sarcope-
nia indexes in chronic heart failure and chronic obstruc-
tive pulmonary disease affected patients. Therefore, CK
is not a self-reliant predictive factor defining the quali-
ty of muscle tissue and requires additional evaluation
of other, more specific biomarkers.

Study limitations

We are aware that our study has some limita-
tions. First of all, we used experimental ELISA kits, not
the ones that have clinical application. We found some
discrepancies between the units of the analyzed protein
levels compared to data from other researchers. More-
over, the number of patients enrolled could be a bit larg-
er to make our results more representative.

Conclusions

Based on our study we can state that CK alone is
not an appropriate marker for the clinical assessment
of muscle tissue quality in patients with or at risk of PFF.
We cannot unambiguously state whether there is any
relation between the condition of muscles and the risk
of fracture incidence. We can just observe the intensity
of muscle decay in the group of elderly people. The quali-
ty of bone tissue in patients with PFF was clearly worse
than in patients from the control group, which would
certainly contribute to the fracture itself. The results
of our study should be considered very preliminary,
though. More extensive analysis including assessment
of the patient for sarcopenia, reflecting real muscle qual-
ity and its relationship with lower limb fractures, is defi-
nitely needed to draw any further conclusions.

Disclosures

Conflict of interest: The authors declare no conflict
of interest.

Funding: No external funding.

Ethics approval: The study was approved by Institutional
Ethics Committee (No. KB/152/2021).

Data availability: The data that support the findings
of this study are available on request from the corre-
sponding author (M.t.).

References

1. Mitchell E, Walker R. Global ageing: successes, challenges
and opportunities. Br J Hosp Med (Lond) 2020; 81: 1-9, DOI:
10.12968/hmed.2019.0377.

2. Cicvari¢ T, Bencevi¢-Striehl H, Jureti¢ |, et al. Hip fractures in elder-
ly — ten years analysis. Coll Antropol 2010; 34 Suppl 2: 199-204.

Reumatologia 2024; 62/2



126 Marcin tapifski, Krystian Zarnovsky, Katarzyna Czarzasta, et al.
3. Perez )V, Warwick DJ, Case CR et al. Death after proximal  19. Kundaktepe BR Sozer V, Kundaktepe FO, et al. Association
femoral fracture — an autopsy study. Injury 1995; 26: 237-240, between bone mineral density and bone turnover markers in
DOI: 10.1016/0020-1383(95)90008-1. breast cancer patients and bone-only metastasis. Medicina

4. Unnanuntana A, Gladnick BR Donnelly E, Lane JM. The assess- (Kaunas) 2021; 5: 880, DOI: 10.3390/medicina57090880.
ment of fracture risk. ) Bone Joint Surg Am 2010; 92: 743-753, 20. Cawthon PM, Schousboe JT, Harrison SL, et al.; Osteoporotic
DOI: 10.2106/JBJS.1.00919 Fractures in Men (MrOS) Study Research Group. Sex hor-

5. Gado M, Baschant U, Hofbauer LC, Henneicke H. Bad to mones, sex hormone binding globulin, and vertebral frac-
the bone: The effects of therapeutic glucocorticoids on osteo- tures in older men. Bone 2016; 84: 271-278, DOI: 10.1016/
blasts and osteocytes. Front Endocrinol (Lausanne) 2022; 13: j.bone.2016.01.009.

835720, DOI: 10.3389/fend0.2022.835720. 21. Ellis A, Goss AM, Gower B. The relationship between sex hor-

6. Larsson L, Degens H, Li M, Salviati L, et al. Sarcopenia: Aging- mone binding globulin and muscle mass in older adult wom-
related loss of muscle mass and function. Physiol Rev 2019; en. Gerontologist 2015; 55 Suppl. 2: 68-69, DOI: 10.1093/
99: 427-511, DOI: 10.1152/physrev.00061.2017. geront/gnv438.05.

7. Gadelha AB, Neri SGR, Oliveira R), et al. Severity of sarcopenia 22. Shetty S, Kapoor N, Bondu JD, et al. Bone turnover markers:
is associated with postural balance and risk of falls in commu- Emerging tool in the management of osteoporosis. Indian
nity-dwelling older women. Exp Aging Res 2018; 44: 258-269, J Endocrinol Metab 2016; 20: 846-852, DOI: 10.4103/2230-
DOI: 10.1080/0361073X.2018.1449591. 8210.192914.

8. Pons C, Borotikar B, Garetier M, et al. Quantifying skeletal 53 Lubb SA. Measurement of C-terminal telopeptide of type
muscle volume and shape in humans using MRI: A system- I collagen (CTX) in serum. Clin Biochem 2012; 45: 928-935,
atic review of validity and reliability. PLoS One 2018; 13: DOI: 10.1016/j.clinbiochem.2012.03.035.
€0207847, DOI: 10.1371/journal.pone.0207847. 24. Lee CY, Suzuki JB. CTX biochemical marker of bone metabo-

9. Wang F, Zheng L, Theopold J, et al. Methods for bone qual- lism. Is it a reliable predictor of bisphosphonate-associated
ity assessment in human bone tissue: a systematic review. . . .

osteonecrosis of the jaws after surgery? Part II: A prospective
) Orthop Surg Res 2022; 17: 174, DOI: 10.1186/513018-022- clinical study. Implant Dent 2010; 19: 29-38, DOI: 10.1097/
03041-4. ) ) ) i ID.0b013e3181cec8bc.

10. Alban? D, Mess.ma G vitale ), S(.:on_ﬂenza LM Im?gmg of sar- 25. Kirk B, Lieu N, Vogrin S, et al. Serum levels of C-terminal telo-
copenia: old evidence and new insights. Eur Radiol 2020; 30: . . . L
2199-2208. DOI- 10.1007/900330-019-06573-2. peptide (CTX) are associated with muscle function in commu-

’ R . . nity-dwelling older adults. J Gerontol A Biol Sci Med Sci 2022;

11. Beaudart C, McCloskey E, Bruyeére O, et al. Sarcopenia in daily

. . 77: 2085-2092, DOI: 10.1093/gerona/glac008.

practice: assessment and management. BMC Geriatr 2016; 26. Polito A, Barnaba L, Ciarapica D, Azzini E. Osteosarcopenia:

16: 170, DOI: 10.1186/512877-016-0349-4. i . R " ) . ’
12. Lormeau C, Soudan B, d’Herbomez M, et al. Sex hor- A narrative review ?n clinical studies. Int J Mol Sci 2022; 23:

s . . 5591, DOI: 10.3390/ijms23105591.

mone-binding globulin, estradiol, and bone turnover markers ;

in male osteoporosis. Bone 2004; 34: 933-939, DOI: 101016/ 27.Tian A, I\{\a.J, Feng K, et al. Reference mark.ers of bone turnover

j.bone.2004.01.024. for prediction of fracture: a meta-analysis. J Orthop Surg Res

13. Vasikaran S, Cooper C, Eastell R, et al. International Osteo- 2019; 14: 68, DOL: 1Oj1186/513_018_019-1100-6'
porosis Foundation and International Federation of Clinical 28. Greenblatt MB, Tsai JN, Wein MN. Bone turnover markers
Chemistry and Laboratory Medicine position on bone mark- in the diagnosis and monitoring of metabolic bone disease.
er standards in osteoporosis. Clin Chem Lab Med 2011; 49: Clin Chem 2017; 63: 464-474, DOI: 10.1373/clinchem.
12711274, DOI: 10.1515/CCLM.2011.602. 2016.259085.

14. Vanbillemont G, Lapauw B, Bogaert V, et al. Sex hormone-bind- 29. Apple FS, Rhodes M. Enzymatic estimation of skeletal mus-
ing globulin as an independent determinant of cortical bone cle damage by analysis of changes in serum creatine kinase.
status in men at the age of peak bone mass. J Clin Endocrinol J Appl Physiol (1985) 1988; 65: 2598-2600, DOI: 10.1152/jap-
Metab 2010; 95: 15791586, DOI: 10.1210/jc.2009-2189. pl.1988.65.6.2598.

15. Vandenput L, Mellstrém D, Kindmark A, et al. High serum ~ 30.Jacob R, Khan M. Cardiac biomarkers: What is and what can
SHBG predicts incident vertebral fractures in elderly men. be. Indian J Cardiovasc Dis Women WINCARS 2018; 3: 240-
J Bone Miner Res 2016; 31: 683-689, DOI: 10.1002/jbmr.2718. 244, DOI: 10.1055/5-0039-1679104.

16. Mohamad NV, Soelaiman IN, Chin KY. A concise review of tes-  31. Fitchett DH, Hegele RA, Verma S. Cardiology patient page.
tosterone and bone health. Clin Interv Aging 2016; 11: 1317— Statin intolerance. Circulation 2015; 131: e389-e39],
1324, DOI: 10.2147/CIA.S115472. DOI: 10.1161/CIRCULATIONAHA.114.013189.

17. Varsavsky M, Reyes-Garcia R, Garcia-Martin A, et al. SHBG 32. Baird MF, Graham SM, Baker JS, Bickerstaff GF. Creatine-ki-
levels are associated with bone loss and vertebral fractures nase- and exercise-related muscle damage implications for
in patients with prostate cancer. Osteoporos Int 2013; 24: muscle performance and recovery. J Nutr Metab 2012; 2012:
713-719, DOI: 10.1007/500198-012-2012-z. 960363, DOI: 10.1155/2012/960363.

18. Jung K, Lein M. Bone turnover markers in serum and urine  33. laccarino L, Pegoraro E, Bello L, et al. Assessment of patients

as diagnostic, prognostic and monitoring biomarkers of bone
metastasis. Biochim Biophys Acta 2014; 1846: 425-438, DOI:
10.1016/j.bbcan.2014.09.001.

Reumatologia 2024; 62/2

with idiopathic inflammatory myopathies and isolated cre-
atin-kinase elevation. Auto Immun Highlights 2014; 5: 87-94,
DOI: 10.1007/513317-014-0063-1.



Bone turnover and muscle decay markers in patients with proximal femur fracture

127

34.

35.

36.

Cabaniss CD. Chapter 32. Creatine Kinase. In: Walker HK,
Hall WD, Hurst JW (eds.). Clinical Methods: The History, Physi-
cal, and Laboratory Examinations. 3rd edition. Butterworths,
Boston 1990. Available at: https://www.ncbi.nlm.nih.gov/books/
NBK352/.

Tietze KJ. Chapter 5. Review of Laboratory and Diagnos-
tic Tests, Clinical Skills for Pharmacists. 3 edition. Elsevier
Mosby, Inc., Saint Louis, MO 2012; 86-122, DOI: 10.1016/
B978-0-323-07738-5.10005-5.

Bermejo |, Carnicero JA, Garcia FJ on behalf of Bone and
Joint Research Unit, et al. pos1446 Creatine kinase could be
a marker of chronic inflammation-induced sarcopenia in frail
patients. Ann Rheum Dis 2022; 81: 1067-1068, DOI: 10.1136/
annrheumdis-2022-eular.4571.

37.

38.

39.

40.

Meng SJ, Yu LJ. Oxidative stress, molecular inflammation and
sarcopenia. Int J Mol Sci 2010; 11: 1509-1526, DOI: 10.3390/
ijms11041509.

Chen Z, Laurentius T, Fait Y, et al. Associations of serum
CXCL12a and CK levels with skeletal muscle mass in older
adults. ) Clin Med 2023;12: 3800, DOI: 10.3390/jcm12113800.
Qaisar R, Karim A, Muhammad T, et al. Prediction of sarcope-
nia using a battery of circulating biomarkers. Sci Rep 2021;
11: 8632. https: //doi.org/10.1038/541598-021-87974-6.
Carbone LD, Bizkova P Fink HA, et al. Association of plasma Sdf-1
with bone mineral density, body composition, and hip fractures
in older adults: The cardiovascular health study. Calcif Tissue Int
2017; 100: 599-608, DOI: 10.1007/500223-017-0245-8.

Reumatologia 2024; 62/2


https://doi.org/10.1136/annrheumdis-2022-eular.4571
https://doi.org/10.1136/annrheumdis-2022-eular.4571

	_Hlk163405244

