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Background: Matrix metalloproteinases (MMPs) play an important role in bone resorption and 
are regulated by tissue inhibitors of metalloproteinases (TIMPs). We investigated the use of 
MMP2/TIMP2 and MMP9/TIMP1 ratios as biomarkers of bone resorption in geriatric osteoporosis 
and evaluated the relationship between osteoporosis and geriatric syndromes. Methods: This an-
alytical cross-sectional study involved 87 patients (41 with osteoporosis) treated at the geriatric 
outpatient clinic of a university hospital. The demographic characteristics, comprehensive geriat-
ric assessment scores, laboratory findings, and bone mineral density of the patients were record-
ed. Serum MMP9, TIMP1, MMP2, and TIMP2 levels were analyzed by enzyme-linked immunosor-
bent assay (ELISA). Results: We enrolled 41 and 46 patients with and without osteoporosis, re-
spectively. The groups showed no significant differences in MMP2/TIMP2 and MMP9/TIMP1 ra-
tios (p=0.569 and p=0125, respectively). While the basic activities of daily life (BADL) scores in 
the osteoporosis group were higher than those in the group without osteoporosis, the instrumen-
tal activities of daily life (IADL) scores were significantly lower (p=0.001 and p=0.007, respective-
ly). No significant differences were observed in Mini-Nutritional Assessment, Mini-Mental State 
Examination, and Geriatric Depression Scale scores (p=0.598, p=0.898, and p=0.287, respective-
ly). Conclusion: This is the first study to examine the relationship between osteoporosis and sev-
eral geriatric syndromes, as well as the relationship between osteoporosis and serum MMP, TIMP 
values, and MMP/TIMP ratios in geriatric patients. Our results showed that osteoporosis causes 
dependency in both BADLs and IADLs, and that the MMP2/TIMP2 and MMP9/TIMP1 ratios pro-
vided no additional benefit in demonstrating bone resorption in geriatric osteoporosis. 
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INTRODUCTION 

Osteoporosis and osteoporosis-related fractures are among the 
leading public health problems worldwide and are common in the 
geriatric population. Osteoporosis is a progressive metabolic bone 
disease characterized by low bone mass, microarchitectural deteri-
oration, and decreased bone strength.1) It causes significant mor-

bidity and mortality, particularly in geriatric patients. In addition to 
imaging methods for the diagnosis of osteoporosis, many bio-
chemical markers have been investigated; however, no consensus 
has been reached regarding specific markers. 

Matrix metalloproteinases (MMPs) were first identified in 1962 
by Gross and Lapiere.2) MMPs are enzymes responsible for the 
degradation of extracellular matrix proteins during growth, normal 
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tissue formation, organogenesis, and angiogenesis and play an im-
portant role in the regulation of intercellular communication and 
immunity.3) MMP2 and MMP9 are two leading MMPs that influ-
ence bone development and homeostasis.4) MMP activity is regu-
lated by specific tissue inhibitors of metalloproteinases (TIMPs) 
that bind to MMPs and inhibit their functions.5) The balance be-
tween MMPs and TIMPs is important for maintaining bone quali-
ty. Although it is accepted that the shift of the balance between 
MMPs and TIMPs in the direction of MMP activity causes the de-
struction of the matrix and pathophysiological events such as ath-
erosclerosis, cardiovascular diseases, inflammatory diseases, can-
cers, and osteoporosis occur, there remains confusion about this 
issue.6) 

Osteoporosis, which is considered a geriatric syndrome, has 
been placed in a separate class by others. Geriatric syndromes such 
as malnutrition, cognitive impairment, dependence on basic and 
instrumental activities of daily living (BADL and IADL), and de-
pression may have a common pathogenesis, as they are considered 
clinical conditions with common risk factors. If a relationship be-
tween osteoporosis and other geriatric syndromes can be found, 
common pathophysiological pathways can be revealed, and exist-
ing uncertainties can be clarified.7) 

We searched for the terms, “osteoporosis” and “geriatric syn-
dromes” together in the PubMed search engine to identify studies 
that investigated the relationship of osteoporosis with only one of 
the geriatric syndromes or that accepted osteoporosis as a geriatric 
syndrome. However, no study has been conducted so far that com-
prehensively and collectively evaluated the relationship between 
osteoporosis and several geriatric syndromes. In addition, we 
found few studies on the use of the MMP/TIMP ratio in osteopo-
rosis, and the results were inconsistent. We comprehensively eval-
uated the relationship between osteoporosis and geriatric syn-
dromes and investigated the use of MMP2/TIMP2 and MMP9/
TIMP1 ratios as biomarkers of bone resorption in geriatric osteo-
porosis. 

MATERIALS AND METHODS 

Study Design 
This was an observational, descriptive, and cross-sectional epide-
miological study. 

Study Population and Design 
Our study sample consisted of 41 osteoporotic and 46 non-osteo-
porotic (23 with osteopenia) individuals aged 65 years and older 
who were admitted to the geriatric outpatient clinic of a university 
hospital. The sample was chosen using a non-probability consecu-

tive sampling method. Although we divided the patients into 
groups with and without osteoporosis, we also divided the same 
patient population into three groups—osteoporosis, osteopenia, 
and control—and performed a subgroup analysis. Patients with 
osteopenia were included in the non-osteoporosis group as they 
did not meet the diagnostic criteria for osteoporosis. Informed 
consent was obtained from all participants. The study protocol was 
approved by the Local Ethical Review Committee of İstanbul Uni-
versity-Cerrahpasa, Cerrahpasa Faculty of Medicine (No. 2019-
22507). Also, this study complied the ethical guidelines for author-
ship and publishing in the Annals of Geriatric Medicine and Re-
search.8) 

Exclusion and Inclusion Criteria 
The study included patients aged 65 and above who underwent 
comprehensive geriatric assessment, underwent dual-energy X-ray 
absorptiometry (DEXA) in the last 1 month, and did not meet the 
exclusion criteria. 

Patients < 65 years of age with advanced organ failure and pa-
thologies that may cause secondary osteoporosis, patients for 
whom the DEXA device could not be used, and patients who did 
not want to participate in the study despite meeting the appropri-
ate criteria were excluded. 

Comprehensive Geriatric Assessment Scales 
All patients underwent a comprehensive geriatric assessment. The 
Katz BADL and Lawton–Brody IADL scales were used to assess 
the independence of the study participants. The Katz BADL scale 
scores range between 0 and 27, with higher scores indicating in-
creasing patient dependence.9) On the Lawton–Brody IADL scale, 
patients are scored between 0 and 17, with decreasing scores indi-
cating increased patient dependence.10) The Mini-Nutritional As-
sessment (MNA) long-form was used to evaluate malnutrition, in 
which a score < 23.5 was considered at risk for malnutrition.11) 
The Mini-Mental State Examination (MMSE) was used to screen 
cognitive function, with scores below 24 points considered indica-
tive of cognitive dysfunction.12) The Geriatric Depression Scale 
(GDS) short form was used to identify depression possibility, with 
scores ≥ 5 points indicating possible depression.13) 

Bone mineral density measurement and osteoporosis definition 
DEXA was used to diagnose osteoporosis. Expert radiotechnolo-
gists measured bone mineral density (BMD) using the Hologic 
QDR 4500 Elite (Hologic Inc., Bedford, MA, USA) instrument. 
The precision expressed as the coefficient of variation (CV, %) was 
1.6 at the total hip and 1.9 at the lumbar spine. These values were 
calculated after BMD measurements were performed twice for 
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each of the 30 patients. The total femur or femoral neck T-scores 
were used to evaluate femoral measurements, and total (L1–L4) 
or at least two vertebral scores were used for vertebral measure-
ments. Patients with a T-score below -2.5 standard deviation (SD) 
on DEXA were included in the osteoporosis group, those between 
-1 and -2.5 in the osteopenia group, and those above -1 SD in the 
control group.14) BMD values of the total femur, femoral neck, and 
lumbar spine (L1–L4) were noted. 

Blood sampling and biochemical analysis 
We recorded calcium, phosphorus, albumin, parathyroid hor-
mone, and 25-hydroxyvitamin D (25(OH)D3) levels. To measure 
MMP2, TIMP2, MMP9, and TIMP1 levels, blood was drawn 
from all participants between 08:00 and 09:00 after at least 8 hours 
of fasting. Blood was first transferred into an 8 mL tube without 
any additives or gel and centrifuged at 2,000–3,000 RPM for 15 
minutes. The samples were stored at -80°C until analysis. MMP2, 
TIMP2, MMP9, and TIMP1 levels were determined by sol-
id-phase sandwich enzyme-linked immunosorbent assay (ELISA) 
using commercial kits (Bioassay Technology Laboratory, Beijing, 
China). For these parameters, the intra- and inter-CVs were < 8% 
and < 10%, respectively. The detection limits were as follows: 
MMP2, 5.6–3000 ng/mL; TIMP2, 2.4–1800 pg/mL; MMP9, 
15.1–9000 ng/mL; and TIMP1, 0.23–200 ng/mL. The kit inserts 
were followed to examine the analytes in our study. Geriatric and 
biochemical physicians performed the preanalytical process.  

Statistical Analysis  
A power analysis using G*Power version 3.1.9.6 (http://www.
gpower.hhu.de) showed an effect size of 0.63 ( < 0.7 is an accept-
able limit). The number of samples required to reach 80% power 
with “alpha error of 0.05” values was 41/45. We enrolled 41/46 
(total 87) patients. Chi-square or Fisher exact tests were used for 
categorical variables. Student t-test or Mann–Whitney U test was 
used for continuous variables. Continuous variables are presented 
as mean ± SD (if normally distributed) or median values with in-
terquartile range (IQR) (if not normally distributed). This study 
analyzed the associations between osteoporosis and age, sex, body 
mass index, MMP9/TIMP1, and MMP2/TIMP2 using the uni-
variate logistic regression (LR), and associations are reported as 
odds ratio (OR) with 95% confidence interval. Spearman correla-
tion analysis was performed for the MMP/TIMP ratio and BMD 
values. Statistical significance was set at p < 0.05. IBM SPSS Statis-
tics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA) 
was used to analyze the clinical data. 

RESULTS 

Our study included 41 patients with osteoporosis (26 women) 
and 46 without osteoporosis (28 women). The mean age of the 
osteoporosis and control groups did not differ significantly 
(77.68 ± 6.39 vs. 76.10 ± 6.19 years; p = 0.228). The BADLs scores 
were significantly higher and the IADLs scores were significantly 
lower in the osteoporosis group (p = 0.001 and p = 0.007, respec-
tively). We observed no significant differences between the two 
groups in terms of MNA, GDS, and MMSE scores (p = 0.598, 
p = 0.898, and 0.287, respectively). On laboratory examination, 
calcium, phosphorus, parathyroid hormone, albumin, or 25(OH)
D3 levels did not differ significantly between the two groups 
(p = 0.251, p = 0.528, p = 0.682, p = 0.082, and p = 0.356, respec-
tively) (Table 1). 

The median MMP2/TIMP2 ratio of the group without osteo-
porosis was higher, but the difference was not significant 
(p = 0.569). Likewise, while the median MMP9/TIMP1 ratio of 
the osteoporosis group was higher than that of the non-osteoporo-
sis group; the difference was not significant (p = 0.125). Similarly, 
we observed no significant differences between the two groups in 
MMP2, TIMP2, MMP9, or TIMP1 levels (p = 0.538, p = 0.912, 
p = 0.718, and p = 0.377, respectively). A detailed analysis is pre-
sented in Table 2. 

Analysis of the association of osteoporosis with age, sex, body 
mass index, and MMP9/TIMP1 and MMP2/TIMP2 ratios using 
univariate LR showed no statistically significant association. The 
results of the LR analysis, including ORs, are presented in Table 3. 

We analyzed the correlation of MMP/TIMP ratios with femur, 
femoral neck, and lumbar spine BMD using Spearman correlation 
analysis, the results of which are shown in Table 4. We observed no 
statistically significant correlation between the MMP9/TIMP1 
and MMP2/TIMP2 ratios and BMD values of the femur, femoral 
neck, and lumbar spine. 

As men and women have different levels of sex hormones and 
associations with bone metabolism, we performed separate analy-
ses for both sexes. We observed no significant differences in 
MMP9, TIMP1, MMP2, TIMP2, MMP9/TIMP1, and MMP2/ 
TIMP2 levels between the osteoporosis, osteopenia, and control 
groups in either sex, with p-values of 0.588, 0.733, 0.733, 0.436, 
0.965, and 0.512 in women and 0.824, 0.267, 0.739, 0.076, 0.375, 
and 0.059 in men, respectively. 

We also divided the same patient population into three 
groups—osteoporosis (n = 41), osteopenia (n = 23), and control 
(n = 23)—and performed a subgroup analysis. We observed no 
significant differences among the three groups in terms of age 
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Table 1. Demographic and clinical characteristics and laboratory findings of patients with and without osteoporosis 

Osteoporosis (n = 41) Non-osteoporosis (n = 46) p-value
Sex 0.807
 Female 26 28
 Male 15 18
Age (y) 77.68 ± 6.39 76.10 ± 6.19 0.228
BMI (kg/m2) 27.94 ± 6.60 28.89 ± 4.93 0.122
BADLs 4.91 ± 1.22 3.87 ± 1.55 0.001*
IADLs 4.21 ± 2.09 5.40 ± 1.87 0.007*
Mini-Mental State Examination 24.7 ± 3.2 24.6 ± 2.9 0.898
Mini-Nutritional Assessment 23.8 ± 3.2 24.2 ± 2.80 0.598
Geriatric Depression Scale 3.42 ± 2.46 2.88 ± 2.29 0.287
Calcium (mg/dL) 9.03 ± 0.55 8.87 ± 0.69 0.251
Phosphorus (mg/dL) 3.41 ± 0.48 3.47 ± 0.47 0.528
Albumin (g/dL) 3.71 ± 0.46 3.89 ± 0.48 0.082
Parathormone (pg/mL) 49.4 ± 23.3 51.5 ± 22.7 0.682
25(OH)D3 (ng/dL) 22.0 ± 12.5 19.8 ± 9.9 0.356
Femur
 T-score -1.99 ± 0.71 -0.78 ± 0.72 < 0.001*
 BMD (g/cm2) 0.652 ± 0.098 0.792 ± 0.138 < 0.001*
Femoral neck
 T-score -2.40 ± 0.47 -1.13 ± 0.54 < 0.001*
 BMD (g/cm2) 0.566 ± 0.064 0.739 ± 0.084 < 0.001*
Lumbar spine (L1-L4)
 T-score -2.25 ± 0.62 -0.92 ± 0.84 < 0.001*
 BMD (g/cm2) 0.792 ± 0.077 0.906 ± 0.083 < 0.001*

Values are presented as mean±standard deviation.
BMI, body mass index; BADL, basic activities of daily living; IADL, instrumental activities of daily living; 25(OH)D3, 25-hydroxyvitamin D; BMD, bone miner-
al density.
*p<0.05.

Table 2. Serum MMP, TIMP levels, and MMP/TIMP ratios of patients with and without osteoporosis 

Osteoporosis (n = 41) Non-osteoporosis (n = 46) p-value
MMP2 (ng/mL) 246.7 (211.6–580.3) 231 (192.5–777.4) 0.538
TIMP2 (ng/mL) 26.9 (20.9–58.7) 26.9 (21.3–63.9) 0.912
MMP2/TIMP2 9.72 (8.05–11.93) 10.61 (7.39–13.19) 0.569
MMP9 (ng/L) 482.1 (254.8–2263) 430.2 (254.8–2235.5) 0.718
TIMP1 (pg/mL) 94.3 (75.6–195.2) 113.9 (86.8–375.2) 0.377
MMP9/TIMP1 4.51 (2.85–8.25) 3.49 (2.15–7.07) 0.125

Values are presented as median (interquartile range).
MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinase.

Table 3. Univariate LR analysis of the factors predicting osteoporosis 
in geriatric patients 

Univariate LR
OR (95% CI) p-value

MMP2/TIMP2 1.033 (0.913–1.168) 0.608
MMP9/TIMP1 1.013 (0.931–1.102) 0.765
Age 1.092 (0.994–1.200) 0.067
BMI 1.014 (0.126–8.156) 0.990
Sex 0.844 (0.277–2.574) 0.765

LR, logistic regression; MMP, matrix metalloproteinase; TIMP, tissue inhibi-
tor of metalloproteinase; BMI, body mass index.

Table 4. Correlation between MMP/TIMP ratios and BMD values 

MMP2/TIMP2 MMP9/TIMP1
r p-value r p-value

Femur BMD -0.187 0.129 -0.136 0.272
Femoral neck BMD -0.163 0.214 -0.222 0.088
Lumbar spine BMD -0.048 0.675 -0.203 0.070

MMP, matrix metalloproteinase; TIMP, tissue inhibitor of metalloproteinase; 
BMD, bone mineral density.
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(p = 0.403). The median MMP2/TIMP2 ratios were 9.72 (IQR, 
8.05–11.93) in the osteoporosis group, 10.74 (IQR,7.71–13.14) 
in the osteopenia group, and 10.34 (IQR,6.45–13.33) in the con-
trol group, with no statistically significant difference between these 
three groups (p = 0.743) (Fig. 1). The median of the MMP9/
TIMP1 ratio was 4.51 (IQR, 2.85–8.25) in the osteoporosis group, 
3.29 (IQR, 2.29–6.91) in the osteopenia group, and 3.90 (IQR, 
2.13–7.71) in the control group, with no significant difference 
(p = 0.277) (Fig. 2).  

DISCUSSION 

Based on the knowledge that MMPs cause bone resorption and 

that TIMPs inhibit it, we hypothesized that MMP/TIMP ratios 
would increase in geriatric patients with osteoporosis. In addition 
to investigating the utility of MMP2/TIMP2 and MMP9/TIMP1 
ratios as biomarkers of bone resorption in geriatric osteoporosis, 
we revealed the relationship between osteoporosis and geriatric 
syndromes and its effect on the dependence status of patients in 
both BADL and IADL. 

Independence in older adults is important for their quality of 
life. In musculoskeletal diseases, the functionality of older adult pa-
tients decreases, and the patients become dependent on ADL. The 
results of a study conducted on 3,097 community-dwelling partici-
pants with musculoskeletal diseases, including osteoporosis, sup-
port this issue.15) The Irish Longitudinal Study on Aging (TILDA) 
investigated factors associated with impairment of BADL and 
IADL in community-dwelling older adults, in which both BADL 
and IADL were significantly affected in individuals with chronic 
conditions such as osteoporosis.16) Similarly, in our study, patients 
with osteoporosis were more dependent in both BADLs and 
IADLs (p = 0.001 and p = 0.007, respectively). 

Depression is a geriatric syndrome with high prevalence. Studies 
have demonstrated the complex relationship between osteoporosis 
and depression. Although osteoporosis can cause depression, de-
pression can also cause osteoporosis.17) Chronic pain, deterioration 
of physical ability, loss of self-esteem, and decreased quality of life 
caused by osteoporosis increase the prevalence of depression.18) In 
our study, although the GDS scores were higher in the osteoporo-
sis group, the difference was not statistically significant (p = 0.287). 
This may be because the GDS evaluates the possibility of depres-
sion and does not make a clear diagnosis; rather, depression is di-
agnosed based on clinical evaluation. 

Since this study did not include patients diagnosed with second-
ary osteoporosis, and malnutrition was a secondary cause of osteo-
porosis, as expected, we observed no significant difference in MNA 
scores between the osteoporosis and control groups (p = 0.598). 

The activation of MMPs and their release from healthy tissues 
are limited; however, since various hormones, growth factors, and 
proinflammatory cytokines increase MMP activation, a significant 
increase in MMP levels is observed in pathologies that cause un-
controlled tissue destruction.3) MMPs and TIMPs have been in-
vestigated in many diseases, ranging from atherosclerosis to neph-
rolithiasis, cancer to periodontal disease, and diabetes to rheuma-
tological diseases, most of which are associated with inflammation. 
A study investigating the roles of MMP1, MMP2, MMP9, and 
their tissue inhibitors in head and neck cancer reported that an im-
balance between MMPs and their inhibitors played an important 
role in the progression of head and neck cancer and patient prog-
nosis.19) Serum MMP2 and TIMP2 levels are elevated in antineu-
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trophilic cytoplasmic antibody (ANCA)-associated vasculitis and 
chronic kidney disease.20,21) A review mentioned that MMP9 is se-
creted from neutrophils, macrophages, lymphocytes, and fibro-
blasts and contributes to cardiac remodeling by participating in 
both the early and late phases of post-myocardial infarction. The 
same review emphasized that MMP9 also affects other inflamma-
tory diseases.22) We found no significant differences in MMP2, 
TIMP2, MMP9, and TIMP1 levels between the osteoporosis and 
control groups (p = 0.538, p = 0.912, p = 0.718, and p = 0.377, re-
spectively). The lack of significance of the biomarkers examined in 
geriatric osteoporosis may be because it is not yet clear whether 
osteoporosis is an inflammatory condition. In addition, the exclu-
sion of inflammatory conditions that may have caused secondary 
osteoporosis may have had an effect. 

MMP2 and MMP9 play important roles in bone turnover.4) In 
our study, serum MMP2 and MMP9 levels were higher in the os-
teoporosis group than in the control group; however, the differ-
ence was not statistically significant (p = 0.538 and p = 0.718, re-
spectively). This may be owing to the small sample size. Therefore, 
studies with larger numbers of patients are required. 

While MMP consumption is generally believed to cause a loss 
of bone mass and because TIMP overexpression causes an in-
crease in bone mass, some studies have shown that MMPs and 
TIMPs have independent effects on bone.5) The serum levels of 
MMPs and the balance between MMPs and TIMPs in osteoporo-
sis have been the subjects of interest for researchers. Zhao et al.23) 
reported significantly higher MMP9 mRNA expression in osteo-
porotic bone tissues than in the control group. Similarly, Zhang et 
al.24) investigated the relationship between circulating MMP9 lev-
els and osteoporosis in chronic obstructive pulmonary disease and 
found higher serum levels of MMP9 and MMP9/TIMP1 ratios in 
the presence of osteoporosis. In a rat study, MMP2 and MMP9 ex-
pression levels were negatively correlated with BMD.25) In our 
study, we found no significant differences in serum MMP2, 
TIMP2, MMP9, and TIMP1 levels, and MMP2/TIMP2 and 
MMP9/TIMP1 ratios between the osteoporosis, osteopenia, and 
control groups. The lack of difference in MMP/TIMP ratios be-
tween the osteoporosis and control groups may be because TIMPs 
are not the only regulators of MMPs; other proteins, such as trans-
forming growth factor-β, bone morphogenetic protein, and Wnt/
β-catenin, also interact with MMPs.26) 

The results of our study showed no significant differences in 
blood MMP and TIMP levels and ratios between male and female 
patients with osteoporosis, osteopenia, and control patients. 
Collazes et al. investigated the presence of sex differences in vari-
ous MMP and TIMP levels in patients with sepsis, stroke, and 
trauma and found that only MMP3 plasma levels were significant-

ly higher in men than in women in each diagnostic group. Similar 
to our osteoporosis study, the authors found no differences in 
MMP2, MMP9, TIMP1, or TIMP2 levels between sexes.27) Ex-
perimental studies in human and rat cells have suggested that sex 
hormones play a small but definite role in the secretion of MMPs 
and TIMPs. However, the complexity of mediators and the strong 
effects of stimulatory and inhibitory pathways caused by concomi-
tant diseases or infections may minimize the sex effects. 

Our study had some limitations. The first is the absence of 
young patients with osteoporosis and young controls. Second, in-
cluding bone resorption markers such as C-telopeptide would 
have been ideal, while examining the relationship between serum 
levels and the ratios of MMPs and TIMPs and bone resorption in 
geriatric osteoporosis. However, owing to the conditions in our 
country, we could not compare with other markers because we 
were not provided with more funds. 

The strength of our study is that it is the first to comprehensively 
examine the relationship between osteoporosis and several geriat-
ric syndromes, as well as the relationship between osteoporosis 
and serum MMP, TIMP values, and MMP/ TIMP ratios in geriat-
ric patients. 

In conclusion, as found in our study, geriatric individuals with 
osteoporosis became more dependent on both BADLs and 
IADLs. Therefore, early intervention for the disease is important. 
In addition, our results showed that the MMP2/TIMP2 and 
MMP9/TIMP1 ratios did not provide additional benefits in 
demonstrating bone resorption in geriatric osteoporosis. However, 
this topic should be examined in future studies with larger num-
bers of patients. New biomarker studies are required to elucidate 
the diagnosis of osteoporosis in geriatric patients. 
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