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A st aC T

Objective: Our aim is to evaluate the association of serum matrix metalloproteinase (MMP2), tissue inhibitor of metalloproteinase (TIMP2) levels,
MMP2/TIMP2 ratio, SARC-F with primary sarcopenia, and to investigate the coexistence of primary sarcopenia and osteoporosis in geriatric
population.

Materials and Methods: A total of 80 geriatric patients (41 sarcopenic patients) were included in the study. Patients with secondary sarcopenia
were excluded. By SARC-F questionnaire, patients who were at risk for sarcopenia were found as mentioned by EWGSOP2. Serum MMP2 and TIMP2
levels were analyzed by ELISA method. Dual energy X-ray absorptiometry (DEXA) was used for the diagnosis of osteoporosis.

Results: The SARC-F score of the sarcopenia group was statistically significantly higher and the incidence of osteoporosis was higher in this group
than the group without sarcopenia (p<0.001, p=0.006, respectively). There was no significant difference between the sarcopenic and non-sarcopenic
groups in terms of gender, age, serum MMP2, TIMP2 and MMP2/TIMP2 ratio (p=0.959, p=0.182, p=0.366, p=0.225, p=0.641 respectively). In the
multivariate regression analysis it was determined that SARC-F and osteoporosis had a significant effect on sarcopenia [p<0.001, odds ratio (OR)
(95%) confidence interval (Cl) 1.735 (1.292-2.330); p=0.006, OR (95%) Cl 4.976 (1.590-15.572) respectively]. The area under ROC curve (AUC) of
SARC-F and MMP2/TIMP2 ratio was 0.771 and 0.530 (p<0.001, 95% Cl 0.665-0.877; p=0.641, %95 Cl 0.403-0.658, respectively). Sensitivity and
specificity for SARC-F score >4 were 58.5% and 87.2%, respectively.

Conclusion: Our study supports the usage of SARC-F in finding of primary sarcopenia cases. We have revealed that serum MMP2, TIMP2 level and
MMP2/TIMP2 ratio are not suitable markers for diagnosing sarcopenia. Since the coexistence of osteoporosis and sarcopenia is common in the
elderly, they should be considered together.
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other than aging or in addition to aging is called secondary
sarcopenia (3). In line with the recommendations of EWGSOP2,
the SARC-F questionnaire is applied to individuals at risk for
sarcopenia, and those with high (=4) scores are considered to be
at risk for sarcopenia (4). Osteoporosis is a common disease that

Introduction

Sarcopenia is a complex and multifactorial disease characterized
with a decrease in muscle mass and muscle strength, that causes
decreased mobility, increased risk of falling, decreased quality

of life and ultimately increased mortality (1,2). Sarcopenia is
defined as a decrease in skeletal muscle mass as well as decreased
muscle strength or poor muscle performance. While age-related
sarcopenia without a specific cause is called primary sarcopenia,
sarcopenia that develops in the presence of a significant factor

causes an increased risk of fracture as a result of decreased bone
mass and deterioration in microarchitecture. Both sarcopenia
and osteoporosis are associated with morbidity, and there are
studies suggesting a relationship between these two diseases.
There are studies reporting that osteoporosis and sarcopenia
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come from common genetics (5). According to the mechanostat
hypothesis expressing that muscle and bone affect each other,
muscle contraction is thought to stimulate bone osteogenesis
with a mechanical effect (6).

Matrix metalloproteinases (MMPs) are proteases that are
responsible for the degradation of extracellular matrix proteins
and play a role in many biological and physiological processes
such as organogenesis, growth and tissue regeneration.
Although the release and activation of MMPs from healthy
adult tissue is limited, their levels increase in pathologies that
cause tissue destruction (7). The activity of MMPs is requlated
in tissue by “Tissue inhibitors of metalloproteinases (TIMPs)".
TIMPs maintain homeostasis and tissue integrity by controlling
MMP enzyme activity and MMP/TIMP balance. The shift of this
balance in the direction of MMP activity causes the destruction
of the matrix and the occurrence of pathophysiological events.
TIMPs show specificity according to MMP species, and MMP-2
is inhibited by TIMP-2 (8).

As for the effects of MMPs on muscle tissue, MMPs break down
the extracellular matrix in skeletal muscle, requlate migration,
differentiation and regeneration of muscle cells and thus play
an important role in the homeostasis of myofibers (9). Studies
have clearly demonstrated the importance of MMP2 in myoblast
migration and fusion (10,11). With the discovery of this, the role
of MMP?2, its inhibitor TIMP2 and the balance between them in
muscle diseases began to be investigated.

Although many methods are used for the diagnosis of sarcopenia,
a practical method has not been found yet. In this study, our
aim is to investigate the usability of serum MMP2, TIMP2 level
and MMP2/TIMP2 ratio as a markers for diagnosis in addition to
the diagnostic methods we use for sarcopenia and to evaluate
the relationship between sarcopenia and osteoporosis.

Materials and Methods

Population and setting

Forty-one sarcopenic patients followed up our geriatric
outpatient clinic (female 25/male 16) and thirty nine control
patients (female 24/male 15) were recruited for this study. In
addition, chronic diseases and geriatric syndromes of individuals
with sarcopenia were documented and matched with control
group patients. Patients with probable secondary sarcopenia
(being bed bound, advanced organ failure, malignancy, protein-
energy malnutrition, HIV infection, chronic inflammatory
disease, rheumatoid arthritis, malabsorption, steroid use) and
active infection were excluded from the study.

Sarcopenia and osteporosis diagnosis

EWGSOP2 criteria were considered for the diagnosis of sarcopenia
and cut-off values (4). A hand dynamometer was used for muscle

strength measurement. The measurement was made while the
patients in sitting position, the elbow flexed to 90 degrees, and
the wrist in neutral position. Muscle strength was measured for
three times for both hands and one minute rest period was left
between measurements. The highest measurement was recorded
as the handgrip strength. For a positive handgrip strength test,
cut-off value was accepted as 27 kg for men and under 16 kg
for women. Bioelectrical impedance analyzer (BIA) device was
used to measure skeletal muscle mass index (SMMI) in kg/m?
after 12 hours of fasting and its cut-off value was <7.0 kg/
m? in males and <5.5 kg/m? in females. A 6 meters long area
was determined in the corridor to evaluate physical activity
performance. The first 1 meter was determined as acceleration
zone, the next 4 meters as timing area and the last one meter
as the deceleration zone. The walking speed of each patient was
recorded. Gait speed cut-off value was accepted as <0.8 m/s. Dual
energy X-ray absorptiometry (DEXA) was used for the diagnosis
of osteoporosis. Femur and vertebral measurements were taken
into account in the diagnosis of osteoporosis. T-score below -2.5
standard deviation (SD) in these measurements was accepted as
osteoporosis. While the femoral neck and total score were taken
into account when interpreting the femur measurements, total
(Lumbar 1-Lumbar 4) or at least two vertebral scores were used
in the evaluation of vertebra measurements (12,13).

Biochemical analysis

For MMP2 and TIMP2 levels, blood was drawn from the
antecubital vein between 08:00 and 9:00 a.m. after fasting
for at least 8 hours from all participants. The blood was first
transferred into an 8 mL tube without any additives or gel and
centrifuged for 15 minutes. The kit inserts were followed for the
analytes planned to be examined in our study. The preanalytical
process was carried out by geriatric and biochemistry physicians.

Statistics

Chi-square or Fisher's Exact tests were applied for categorical
variables. Student's t-test or Mann-Whitney U test was used for
continuous variables. The relationship between sarcopenia and
age, gender, MMP2, TIMP2, MMP2/TIMP2 ratio, SARC-F score,
and osteoporosis were analyzed by univariate logistic regression
(LR) method. Stepwise multivariate LR method was applied to
the significant values after univariate LR analysis. ROC analysis
was performed to determine the importance of MMP2/TIMP2
ratio and the SARC-F in the diagnosis of sarcopenia. P<0.05
was considered significant. Statistical Package for the Social
Sciences- 21.0 was used for the analysis of this clinical data.

Results

In the study, 41 sarcopenic and 39 non-sarcopenic geriatric
patients were included. Women constituted 61% of both
patient groups. In terms of age (mean + standard deviation),
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no statistically significant difference was found between the
group with sarcopenia (77.65+5.96) and the group without
(75.76+6.96) (p=0.182). While there were 23 (56%) individuals
with osteoporosis in the sarcopenic group, there were 10 (25%)
individuals in the non-sarcopenic group, and this difference
was statistically significant (p<0.001). Total lumbar, total femur,
femur neck T-score and bone mineral density (BMD) values were
significantly lower in the sarcopenic group compared to the
non-sarcopenic group (p=0.002, p=0.006, p=0.043 and p=0.008,
p=0.008, p=0.028; respectively). Considering the SARC-F score
(mean + standard deviation), the score of the group with
sarcopenia (4.04+2.35) was statistically significantly higher
than the group without sarcopenia (1.87+1.83) (p<0.001).
The sarcopenic group had statistically significant lower grip
strength, muscle mass, and gait speed (p<0.001, p<0.001,
p=0.006, respectively). There was no significant difference
between the two groups in terms of serum MMP2 and TIMP2
(p=0.366, p=0.225, respectively). Considering MMP2/TIMP2
ratio, the median of the group with sarcopenia was 10.34, while
it was 10.07 in the group without sarcopenia, and this difference
was not statistically significant (p=0.641). These comparisons
are given in Table 1.

In univariate logistic regression, no statistical correlation was
found between sarcopenia and gender, age, serum MMP2, TIMP2
and MMP2/TIMP2 ratio (respectively p=0.959, p=0.194, p=0.720,
p=0.570, p=0.441). On the other hand, a significant correlation
was found between sarcopenia, and SARC-F (p<0.001) and
osteoporosis (p=0.007). Multivariate logistic regression analysis
was performed to these parameters and the results showed that
SARC-F and osteoporosis had a significant effect on sarcopenia
[p<0.001, OR (95%) Cl 1.735 (1.292-2.330); p=0.006, OR (95%)
Cl 4.976 (1.590-15.572) respectively] (Table 2).

Area under ROC curve (AUC) of SARC-F and MMP2/TIMP2 ratio
was 0.771 and 0.530 (Figure 1). Sensitivity and specificity for
SARC-F score >4 were 58.5% and 87.2%, respectively.

Discussion

Sarcopenia in the elderly, generally accepted as an inevitable
part of aging, is attracting more and more attention due to its
great impact on morbidity, mortality and health costs. According
to EWGSOP2, sarcopenia represents a loss of muscle mass and
quality with a decrease in muscle strength. Usage of the rapid
screening test, SARC-F, which isaself-administered questionnaire
was recommended by EWGSOP2 to identify individuals at risk
for sarcopenia (4). It is a simple, inexpensive and non-invasive
method. After the recommendation about usage of SARC-F by
EWGSOP2, many translation and validation studies have been
done. Polish and Spanish version of SARC-F was studied and
recommended for assessing sarcopenia in everyday practice
(14,15). In a study conducted with Danish population, SARC-F
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Table 1. Demographic characteristics, grip strength, muscle
mass, walking speed and laboratory findings of sarcopenia and
no sarcopenia groups

Sarcopenia No sarcopenia | p

Number of patients 41 39

Gender (female/male) 25/16 24/15 0.959
Age 77.65+5.96 75.76+6.96 0.182
SARC-F 4.04+2.35 1.87+1.83 <0.001
Grip strength 16.09+5.63 21.76+6.12 <0.001
Muscle mass (SMMI) 5.73+0.78 6.44+0.67 <0.001
Gait speed 0.68+0.33 0.83+0.27 0.006
MMP2 (ng/ml) (21297é.73-503.4) [22610?;.51—726.3) 0366
TIMP2 (ng/ml) (2256?5-47.6] [3202..13—61.4) 0-225
MMP2/TIMP2 (1313(;}—1 2.65) [170(?77—1 2.48) 0.641
Osteoporosis (yes/no) 23/18 10/29 0.006
Femur total, T-score -1.6+0.9 -0.9+0.8 0.006
Femur total, BMD (gr/cm?) | 0.681+0.158 | 0.779+0.136 0.008
Femur neck, T-score -1.8+0.7 -1.4+0.7 0.043
Femur neck, BMD (gr/cm?) | 0.643+0.095 | 0.705+0.115 0.028
Lomber total, T-score -1.9+1.0 -1.2+0.9 0.002
(L;’r';‘::zr]t(’ta" BMD 0.81740.108 | 0.8804£0.093 | 0.008

MMP: Matrix metalloproteinase, TIMP: Tissue inhibitor of metalloproteinase, SMMI:
Skeletal muscle mass index, BMD: Bone mineral density, data are shown as mean +
standard deviation or median (interquartile intervals), statistically significant p-values
are indicated as bold

Table 2. Univariate and stepwise multivariate LR analysis of
prediction of sarcopenia

Stepwise multivariate

LR

Odds ratio Odds ratio

(95% CI) (95% CI)

1
Female

1.024
Male (0.416-2.519) 0.959

1.047
Age (0977-1.122) | %194

1.635 1.735
SARC-F (1264-2.115) | <0901 | (1.292-2.330) | <000
No osteoporosis !

. 3.706 4.976

osteoporosis (1.437-9.554) 0.007 (1.590-15.572) 0.006

1.000 0.720
MMP2 (ng/mL) | (5 99-1.000)

0.998 0.570
TIMP2 (ng/mL) 1 (5.991-1.005)
MMP2/TIMP2 1.051
ratio (0.926-1.193) 0.441
MMP: Matrix metalloproteinase, TIMP: Tissue inhibitor of metalloproteinase, LR:
Logistic regression, Cl: Confidence interval, Statistically significant p-values are
indicated as bold
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Figure 1. Receiver operating characteristic (ROC) curve analysis for MMP2/
TIMP2 ratio and SARC-F for accuracy of sarcopenia. Area under the ROC
curve (AUC) SARC-F 0.771 (p<0.001, 95% CI 0.665-0.877), MMP2/TIMP2
ratio 0.530 (p=0.641, 95% confidence interval (Cl) 0.403-0.658). Sensitivity
and specificity for SARC-F score >4 were 58.5% and 87.2%, respectively
was not found to be significant in sarcopenia screening (16). In
a study of 1222 elderly Korean individuals, SARC-F was shown
to have a high specificity and high negative predictive value
(17). In Ida et al's. (18) meta-analysis about SARC-F's accuracy
in screening sarcopenia among older adults, screening specifity
performance of SARC-F was found to be high, although its
sensitivity was poor. Similarly in our study, sensitivity and
specifity of SARC-F in screening for sarcopenia were 58.5% and
87.2%, respectively. Thus we can support the usage of SARC-F
questionnaire for screening sarcopenia in elderly, as suggested
by EWGSOP2.

Detection of more individuals at risk for sarcopenia led to
the need for more practical diagnostic tools. In this study, we
investigated the usability of MMP2, TIMP2 levels and MMP2/
TIMP2 ratio as a marker for the diagnosis of sarcopenia in
addition to the current diagnostic methods. MMP2, TIMP2
and MMP2/TIMP2 ratio have been studied in many diseases.
Both mRNA transcripts and protein expression of MMP2 are
reported to be elevated in class-IV lupus nephritis (19). Also in
another study MMP2 was found to have a significant role in
glioma pathogenesis and could be used as a potential molecular
marker for tumor progression (20). Based on the thesis that
balance of the MMP/TIMP ratio is important in maintaining
the dynamic balance of tissues, its role in lung damage and
repair was investigated in the rat study of Chen et al. (21), and
it was concluded that lipopolysaccharide-induced acute lung
injury may be related to upregulation of MMP2/TIMP2 ratios.
Although there are few studies in the literature evaluating the
effect of MMP2 and TIMP2 on muscle cells, in a mice study it has
been shown that the absence of MMP2 and MT1-MMP causes

a significant retardation in myoblast fusion and is incompatible
with life due to immature muscle fibers and various organ
failures (22). In another study investigating the role of TIMP2
on muscle development and function, it was revealed that
TIMP2 was expressed in the neuromuscular junction, regulating
neuromuscular junction development and its expression was
higher in fast-twitch muscles, thus it has been mentioned that
this result can open new horizons in the treatment of conditions
such as age-related sarcopenia, in which fast-twitch muscle
fibers were lost (23). The number of biomarker studies about
sarcopenia is increasing day by day. In Bano et al's (24) meta-
analysis, evaluating the relationship between sarcopenia and
inflammation while patients with sarcopenia had a statistically
significantly higher C-reactive protein than control groups, no
significant difference was found in terms of tumor necrosis
factor-alpha and interleukin-6. In a study comparing sarcopenic
and non-sarcopenic control groups, MMP9/TIMP1 ratio was
found to be increased in sarcopenic patients, while in another
study, sarcopenia was found to be associated with increased
FGF-21 and low FGF-19 levels (25,26). In our study, there was
no statistically significant difference between sarcopenic and
non-sarcopenic groups in terms of serum MMP2, TIMP2 levels
and MMP2/TIMP2 ratio. The insignificance of these biochemical
markers with sarcopenia may be due to the small sample size,
or it may be due to the non-dominance of the inflammatory
system in sarcopenia.

There are similarities and interrelationships between sarcopenia
and osteoporosis. Many mechanisms have been investigated
to explain this relationship. Mechanostat hypothesis, which
refers to the muscle contraction action that provides a direct
mechanical stimulus to the bone that promotes osteogenesis,
the effects of hormones and nutritional state that provide
both muscle and bone development, physical activity level,
common genetic and developmental components are some
of them (5,6,27-29). In a study of two hundred thirty-four
women whole-body and femoral neck bone mineral density
values were found to be significantly lower in sarcopenia group
than non-sarcopenia group (30). In another study, Reiss et al.
(31) drew attention to the frequent coexistence of these two
conditions in the elderly and associated this with poor function
and malnutrition in advanced age. Similarly, the coexistence
of osteoporosis and sarcopenia was found to be significant
in our study. Because of the relationship between sarcopenia
and osteoporosis, our study suggests that these two conditions
should be evaluated together.

Study Limitations

The main limitation of this study is the small sample size and
another limitation is that our study was designed as a case-
control study.
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Conclusion

Our study supports widespread use of SARC-F questionnaire to
screen for risk of sarcopenia. In addition, since the incidence
of osteoporosis is significantly higher in sarcopenia, our study
supports the evaluation of sarcopenia and bone mineral density
together. Another point to be emphasized about the results of
our study is that there is a need for other studies investigating
the use of serum MMP2, TIMP2 levels and MMP2/TIMP2 ratio
for the diagnosis of sarcopenia.
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