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Abstract

Introduction Osteoporosis and sarcopenia are significant health problems that mainly affect older adults. This study aimed
to investigate the relationship between sarcopenia and osteoporosis.

Materials and methods The study included 444 participants who had undergone a dual-energy X-ray absorptiometry scan,
handgrip test, 4-m walking speed test, and bioimpedance analysis within the past year. Participants were classified into con-
trol, osteopenia, or osteoporosis groups according to the World Health Organization classification. Sarcopenia was diagnosed
according to the European Working Group on Sarcopenia in Older People-2 criteria.

Results The mean age of the participants was 75.88 +7.20 years, and 80.9% were females. There were 144, 230, and 70 par-
ticipants in the osteoporosis, osteopenia, and control groups, respectively. Probable sarcopenia was identified in 94 subjects,
sarcopenia in 61, and severe sarcopenia in 72 participants. After adjusting for age, gender, and body mass index, probable
sarcopenia and severe sarcopenia were associated with osteoporosis (p <0.05). Low muscle strength, and low physical per-
formance were associated with osteoporosis (p <0.02). When osteoporosis was evaluated only according to the femoral neck
T score, low muscle strength and low physical performance were found to be related not only to osteoporosis (p <0.001),
but also to osteopenia (p < 0.05). Additionally, probable sarcopenia was associated with femoral neck osteopenia (p <0.01).
Conclusions In this study, probable sarcopenia and severe sarcopenia were associated with osteoporosis in older adults.
Furthermore, we found that low muscle strength, or dynapenia, which is the determining criterion of sarcopenia, was related
to femoral neck osteopenia and osteoporosis.
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Introduction

As the world’s population ages, research into age-related
pathological and physiological changes in the body has
become more critical [1]. Decreased bone density and bone
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microarchitecture deterioration, which occur with advancing
age, can lead to osteoporosis, a progressive metabolic bone
disease associated with increased bone fragility [2]. Osteo-
porosis is related to many negative health outcomes, one of
which is fractures, which can occur in patients with osteopo-
rosis even in the absence of trauma. Of all the osteoporotic
fractures, hip fractures are associated with the highest eco-
nomic burden and mortality rates [3, 4]. The mortality rate
of older adults with femoral fractures has been reported to
be 15-20% in 1 year, and 50% of people lose their independ-
ence [4, 5].

On the other hand, sarcopenia, a geriatric syndrome,
causes falls, fractures, physical disability, and mortal-
ity through generalized skeletal muscle disorder, which
involves a decrease in muscle mass and/or muscle strength
[6]. Moreover, a close relationship between bone and muscle
tissue, both chemically and metabolically is reported. While
skeletal muscle is kept in balance by protein synthesis and
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degradation, bone formation is regulated by reabsorption [7].
Both tissues show an adaptive response to mechanical load-
ing and interact mechanically, known as the “mechanostat
hypothesis” [8]. Nevertheless, in recent years, many stud-
ies have shown that this mechanic stimulus is not the only
form of interaction between the tissues. Substances called
myokines and osteokines are released from muscle and bone
tissues, allowing them to communicate with each other [9].

Apart from these substances, many common genetic
polymorphisms such as glycine-N-acyltransferase like 1
(GLYATL1), myostatin (MSTN), and a-actinin-3 (ACTN3),
have been found to lead to bone and muscle tissue loss [8].
In both sarcopenic and osteopenic individuals, serum con-
centrations of inflammatory cytokines, predominantly IL-6
and TNF-alpha, have been found to be high [8]. In addition,
several risk factors including diabetes, malnutrition, obesity,
abnormal thyroid function, low vitamin D levels, and levels
of sex steroids, growth hormone, IGF-1, and corticosteroids
have been reported to play a role in the development of both
osteoporosis and sarcopenia [8].

Osteoporosis and sarcopenia are two critical problems
that need to be evaluated due to their common risk factors
and etiologic pathways, adverse health consequences, and
health care and cost burden. Thus, osteosarcopenia was
recently defined to draw attention to the importance of com-
bined assessment of osteoporosis and sarcopenia [10], which
comes to mind the question of whether the osteosarcopenia
definition is enough to determine the complex interrelation-
ships between the two conditions in older adults. For this
reason, we aimed to investigate the possible relationship

between sarcopenia, criteria of sarcopenia and dual-energy
X-ray absorptiometry (DEXA) measurement sites in terms
of osteoporosis. Moreover, this is one of the first studies
to compare sarcopenia, which determined according to the
European Working Group on Sarcopenia in Older People-2
(EWGSOP-2) criteria, osteopenia, and osteoporosis in dif-
ferent body parts.

Materials and methods
Participants

The records of 1127 participants over 65 years of age
who visited the geriatric outpatient clinic with any rea-
son between July 2016 and July 2017 were retrospectively
reviewed.Handgrip strength test, 4-m gait speed test, bio-
impedance analysis performed and had laboratory findings
on the same day. In the end, 684 patients who had DEXA
within 3 months before and after from AGD were included
in this study. Of these, 198 people were excluded from the
study because they met the exclusion criteria, and 42 refused
to participate after being informed about the study. In the
end, a total of 444 people were enrolled in the study (Fig. 1).

The investigation conformed to the Declaration of Hel-
sinki and was approved by the ethics committee of Dokuz
Eylul University, Turkey. Each participant or a legal guard-
ian provided informed consent before participating in the
study.

REGISTERED July 2016 - July 2017 older than 65 years whose;

(DEXA) scan results,
OLDER * Handgrip strength test,
PATIENTS * Four-meter gait speed test,

N:1127

» Bioimpedance analysis results were available for the past
year, were identified.

* 198 people were excluded from

SELECTED the study because they met the
OLDER exclusion criteria.

PATIENTS * 42 people refused to participate

N:684 zsigt;rybeing informed about the
ENROLLED

OLDER
PATIENTS
N:444

Fig. 1 Flow chart for participant selection
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Exclusion criteria

Participants were excluded if they met the following crite-
ria: under 65 years of age; refused to participate; pacemaker
(because of contraindication to electrical bioimpedance);
diagnosed with cancer (due to the effect of cancer-associated
cachexia on muscle mass); diagnosis of dementia according
to the Clinical Dementia Rating scale (CDR)-2 (because the
reliability of handgrip strength is low for older participants
with dementia due to difficulty in judgment and conception,
which can cause them to fail to comprehend and complete
tasks thoroughly); any disease that may affect bone metabo-
lism (e.g., hyperparathyroidism, osteomalacia, Paget’s dis-
ease, hyperthyroidism); or a history of severe illness that
may impair general health status (e.g., an acute cerebrovas-
cular event, gastrointestinal bleeding, sepsis, acute renal
failure, acute coronary syndrome, acute liver failure, acute
respiratory failure).

Participant characteristics

We assessed characteristics of the subjects from medical
records in this retrospective study. Age, gender, education
level, concomitant systemic diseases, and the number of
medications were recorded in clinical application. Partici-
pants were asked if they had experienced a fall or balance
disorder in the last year in their application. The partici-
pants’ history of hypertension, diabetes mellitus, conges-
tive heart failure, thyroid disease, dementia, and depression
were individually investigated. Participants’ comorbid con-
ditions were evaluated using the Charlson’s Comorbidity
Index (CCI).

Comprehensive geriatric assessment

All patients underwent comprehensive geriatric evaluation
including the Mini-Mental State Examination (MMSE)
and the Clinical Dementia Rating (CDR) scale for neu-
rocognitive assessment, the Lawton—-Brody Instrumental
Daily Living Activity Scale (IADL) and the Barthel Index
for Activities of Daily Living (BADL) for the evaluation
of daily living activities, the Timed Up and Go (TUG) test
and the Tinetti Performance-Oriented Mobility Assessment
(POMA) for the assessment of balance and gait, and the
Mini Nutritional Assessment (MNA) for nutritional evalu-
ation [11].

Laboratory findings
Laboratory tests, including thyroid-stimulating hormone
(TSH), vitamin B12, and folic acid, were performed using

a Diagnostic Modular Systems Autoanalyzer (E170 and
P-800; Roche, Switzerland). Serum 25-OH vitamin D level

@ Springer

was measured using the Cobas €601 autoanalyzer (Man-
nheim, Germany) via the radioimmunoassay method.

Diagnosis of sarcopenia

Bioimpedance analysis was established using a TAN-
ITA scale MC-780U Multi Frequency Segmental Body
Composition; Tokyo, Japan). Body mass index (BMI),
fat-free mass, fat, bone, and muscle mass, and basal met-
abolic rate were obtained via bioimpedance analysis.
Using data obtained through the bioimpedance analysis,
the calculation was made according to the following for-
mula: skeletal muscle (kg) = [(heightZ/R)x0.401] + (gen-
derx3.825) + (age X (—0.071))+5.102 [12]. The units for
height, age, female gender, male gender, and resistance (R)
in the formula were centimeters (cm), years, 0, 1, and 50 Hz,
respectively. Skeletal muscle mass index (SMI; muscle
mass/height?) was calculated by dividing the muscle mass
by the square of the height in meters. Values of < 8.87 kg/
m? for males and 6.42 kg/m? for females were regarded as
low muscle mass [6].

A JAMAR brand hand dynamometer was used to evalu-
ate muscle strength. Participants were seated and positioned
with their elbows in 90° of flexion and wrists in 0-30° of
dorsiflexion. They were asked to grip the dynamometer
using maximum strength for about 5 s. The result was meas-
ured in kilograms. The participant was asked to repeat the
procedure three times, and the average of these three meas-
urements was recorded. Grip strength values of less than
16 kg in women and 27 kg in men were considered low mus-
cle strength, also known as dynapenia [6, 13] A 4-m walk-
ing speed test was used to evaluate gait speed, which was
measured in meters/second. A walking speed of <0.8 m/s
was considered slow gait speed and defined as low physi-
cal performance. Robust, probable sarcopenia, sarcopenia,
and severe sarcopenia groups were identified according to
EWGSOP-2 criteria [6].

Diagnosis of osteoporosis

For the diagnosis of osteoporosis, the lumbar spine and fem-
oral neck were submitted to DEXA and bone mineral density
(BMD) scans, and T scores for these areas were calculated.
The scans included lumbar spine and femoral neck sites.
The scan procedure for each site was performed separately
according to the manufacturer’s recommendations. Accord-
ing to the results obtained from DEXA, participants with
T scores ranging from — 1.0 to — 2.5 in the femoral neck
and lumbar spine were diagnosed with osteopenia, whereas,
those with a BMD value of — 2.5 or below were diagnosed
with osteoporosis [14].When participants were evaluated
based on femoral neck 7 scores only, they were described as
femoral neck osteopenia and osteoporosis. Similarly, when
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participants were evaluated based on lumbar spine 7 scores
only, they were described as lumbar spine osteopenia and
lumbar spine osteoporosis [14].

Statistical analyses

Statistical analyses were performed using Statistical Pack-
age for Social Sciences (SPSS) version 22.0 for Windows
(SPSS Inc, Chicago, IL) and Power Analysis and Sample
Size (PASS) 2008 statistical software (Utah, USA). Nominal
variables were assessed by Pearson’s chi-square test. Con-
tinuous variables with a normal distribution were analyzed
by one-way ANOVA followed by a post hoc test, and the
Kruskal-Wallis test was used to assess the presence of a
non-normal distribution (Table 1). Adjustment according
to age, gender, and BMI was carried out by multinomial
logistic regression analysis (Table 2). Multinominal logis-
tic regression analysis was used to assess the relationship
between groups and calculated odds ratios in Tables 3 and

4. The sample size required for the study was calculated to
be at least 256 participants for a 95% confidence interval and
a 5% margin of error. Results with a p value of <0.05 were
considered statistically significant.

Results

A total of 444 participants (359 females, 85 males)
were included in the study. The mean age was
75.88 +£7.20 years. Of the participants, 230 (51.8%) were
diagnosed with osteopenia and 144 (32.4%) were diag-
nosed with osteoporosis; whereas, 70 (15.8%) were not
diagnosed with either osteopenia or osteoporosis. Of the
patients, 217 (48.9%), 94 (21.1%), 61 (13.7%), and 72
(16.2%) were classified in the robust, probable sarcope-
nia, sarcopenia, and severe sarcopenia groups, respec-
tively. Low muscle strength, low muscle mass, and low
physical performance were observed in 227 (51.1%),

Table 1 Comparison

o Control Osteopenia Osteoporosis p
of cl}gracterlstlcs of the (n=70) (n=230) (n=144)
participants

Demographics
Age (years) 73.27+7.56 75.31+£6.93 78.06 +6.89 <0.001
Gender (female/male) 45/25 190/40 124/20 <0.001
Education (years) 8.01+4.31 7.23+4.51 5.85+4.71 <0.001
Body mass index 30.94 +5.43 29.42+5.57 27.60+5.29 <0.001
Hypertension 74.3% 69.1% 63.9% 0.283
Diabetes mellitus 32.9% 30.0% 23.6% 0.273
Heart failure 71% 5.7% 7.0% 0.834
Dementia 8.6% 15.2% 21.1% 0.057
Charlson’s Comorbidity Index 1.09+1.35 1.02+1.15 1.04+1.31 0.809
Number of drugs 4.96+3.39 5.09+3.08 5.53+3.38 0.296
Falls 37.1% 33.5% 34.3% 0.852

Laboratory findings
Vitamin D (ng/mL) 20.63+9.05 25.19+11.27 25.03+15.12 0.008
Vitamin B12 pg/mL) 408.90+268.30  453.99+321.05 418.76 £282.41 0.544
Folate (ng/mL) 8.86+3.87 9.71+4.84 9.08+4.71 0.263
TSH (uUI/mL) 1.82+1.50 1.76 £1.56 1.56 +1.08 0.337

Comprehensive geriatric assessment
POMA 25.60+4.19 24.88+4.32 23.79+5.30 0.01
BADL 91.61+12.25 89.89+11.69 86.59+13.90 0.006
IADL 19.89+4.60 18.43+5.78 15.84+6.67 <0.001
MNA 12.85+2.04 12.63+2.00 11.99+2.26 0.001
Low muscle strength 25.7% 39.6% 59.0% <0.001
Low muscle mass 35.7% 46.1% 67.1% <0.001
Slow gait speed 19.1% 30.4% 44.4% 0.001

BADL basic activities of daily living, JADL instrumental activities of daily living, MNA Mini Nutritional
Assessment, POMA Performance-Oriented Mobility Assessment, TSH thyroid-stimulating hormone

Boldface indicates statistical significance

#p<0.05
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Table 2 The factors likely
to affect osteopenia and

osteoporosis in participants

Osteopenia Osteoporosis

OR p 95% CI OR p 95% CI
Education (years) 0.979 0.501 0.919-1.042 0.919 0.020 0.855-0.987
Vitamin D (ng/mL) 1.045 0.006 1.013-1.078 1.038 0.025 1.005-1.073
POMA 0.957 0.281 0.883-1.037 0.940 0.155 0.863-1.024
BADL 0.989 0.473 0.960-1.019 0.979 0.175 0.949-1.010
IADL 0.942 0.068 0.883-1.004 0,901 0.003 0.842-0.964
MNA 0,979 0.804 0.831-1.154 0.933 0.432 0.785-1.109

BADL basic activities of daily living, JADL instrumental activities of daily living, MNA Mini Nutritional
Assessment, POMA Performance-Oriented Mobility Assessment. All results are adjusted for age, gender,
and body mass index

Boldface indicates statistical significance

p<0.05

Table 3 Assessment of the relationship between sarcopenia and osteoporosis

OR P 95% CI OR P 95% CI
Osteopenia Osteoporosis
Probable sarcopenia 1.772 0.116 0.851-3.689 3.173 0.018 1.223-8.232
Sarcopenia 0.891 0.824 0.321-2.470 2.446 0.091 0.866-6.905
Severe sarcopenia 1.484 0.562 0.390-5.647 3.810 0.049 0.999-14.536
Femoral neck osteopenia Femoral neck osteoporosis
Probable sarcopenia 2.746 0.008 1.304-5.781 3.188 0.014 1.266-8.025
Sarcopenia 0.970 0.947 0.402-2.434 2314 0.085 0.890-6.017
Severe sarcopenia 3.201 0.080 0.869-11.793 7.625 0.003 1.990-29.213
Lumbar spine osteopenia Lumbar spine osteoporosis
Probable sarcopenia 1.521 0.165 0.842-2.747 1.177 0.677 0.547-2.533
Sarcopenia 1.846 0.115 0.861-3.957 2.470 0.055 0.979-6.228
Severe sarcopenia 1.299 0.514 0.592-2.849 1.499 0.354 0.637-3.526
Boldface indicates statistical significance. *p <0.05. All results are adjusted for age, gender, and body mass index
Table 4 Assessment of the relationship of the sarcopenia criteria with osteopenia and osteoporosis
OR 4 95% CI OR p 95% CI
Osteopenia Osteoporosis
Low muscle strength 1.731 0.093  0912-3.284  3.143 0.001 1.568-6.298
Low muscle mass 1.136 0.710  0.580-2.225 1.876 0.096 0.895-3.931
Low physical performance 1.765 0.149  0.816-3.816  2.710 0.017 1.195-6.150
Femoral neck osteopenia Femoral neck osteoporosis
Low muscle strength 1.997 0.017  1.134-3.516  3.555 <0.001 1.818-6.949
Low muscle mass 1.058 0.852  0.586-1.909  1.662 0.168 0.807-3.420
Low physical performance  2.206 0.026 1.101-4.418 4.493 <0.001 2.098-10.056
Lumbar spine osteopenia Lumbar spine osteoporosis
Low muscle strength 1.570 0.062  0.978-2.519 1.576 0.115 0.896-2.773
Low muscle mass 0.983 0.948  0.583-1.656 1.879 0.055 0.987-3.578
Low physical performance 1.083 0.771 0.632-1.855 1.150 0.662 0.616-2.147

Boldface indicates statistical significance. *p <0.05. All results are adjusted for age, gender, and body mass index
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228 (51.3%), and 146 (32.9%) participants, respectively.
Considering the sociodemographic characteristics of the
participants, the incidence of osteopenia and osteoporosis
was significantly higher in females than males (p < 0.001).
The highest education level was observed in the healthy
group (8.01 +£4.31 years); whereas, the lowest educa-
tional level was found in participants with osteoporosis
(5.85 +£4.71 years), followed by those with osteopenia
(7.23 +4.51 years; p<0.001). Table 1 summarizes the
demographic characteristics, comorbidities, and labora-
tory findings of the individuals participating in the study.

No difference was observed between the osteoporosis,
osteopenia, and control groups in terms of the prevalence
of hypertension, diabetes, heart failure, and demen-
tia (p > 0.05). Furthermore, no difference was observed
between the groups in terms of CCI scores used in the
comorbidity assessment (p =0.809).

A significant difference in mean BMI was observed
between the groups (p <0.001). The mean BMI of the
osteoporosis group (27.60 + 5.29 kg/m?) was found to be
lower than both the osteopenia group (29.42+5.57 kg/
m?) and the control group (30.94 +5.43 kg/m?; p <0.001).
Comparison of the osteopenia, osteoporosis, and control
groups showed a relationship with vitamin D levels, but no
associations with the other parameters obtained at the time
of diagnosis (vitamin B12, folate, and TSH values) were
observed (p <0.05). The difference in IADL between the
control and osteoporosis groups was significant (p =0.003)
after adjusting for age, sex, and BMI, but no significant
differences were observed in BADL, MNA, or POMA
(p>0.05; Table 2).

When we evaluated the relationship between sarcopenia
and osteoporosis, we found that probable sarcopenia and
severe sarcopenia increased the risk of osteoporosis by 3.17
(p=0.018) and 3.81 (p=0.049) times, respectively. Probable
sarcopenia increased the risk of femoral neck osteopenia by
2.75 times (p=0.008) and the risk of femoral neck osteo-
porosis by 3.19 times (p =0.014). The most definite rela-
tionship was found between severe sarcopenia and femoral
neck osteoporosis (OR =7.63, p=0.003). No relationship
was found between the other groups (p > 0.05; Table 3).

The assessment of sub-parameters (low muscle strength,
low muscle mass, low physical performance) in patients
with sarcopenia and osteoporosis showed that low muscle
strength and low physical performance were associated with
osteoporosis when the confounding effects of age, gender,
and BMI were eliminated (p < 0.05 for each comparison).
Low muscle strength was associated with both femoral neck
osteopenia (OR =2.00 p=0.017) and femoral neck osteo-
porosis (OR=3.56, p<0.001). Likewise, a low physical
performance increased the risk of femoral neck osteopenia
and femoral neck osteoporosis by 2.21 (p <0.05) and 4.49
(»<0.001) times, respectively (Table 4).

Discussion

This retrospective cross-sectional study showed that prob-
able sarcopenia and severe sarcopenia were associated
with osteoporosis in older adults. Probable sarcopenia
was also associated with femoral neck osteopenia. Further-
more, low muscle strength, or dynapenia, and low physi-
cal performance were closely related to osteoporosis and
femoral neck osteopenia.

The prevalence of osteoporosis was in higher in
females, especially during the postmenopausal period due
to a deficiency in estrogen. The prevalence of osteoporosis
increases with aging. In a recent study, the prevalence of
osteoporosis was 8% in adults aged 60-69, compared with
16.4% in older adults aged 70-79 years and 26.2% in older
adults aged 80 years and more, respectively [15]. In the
FRAX-TURK study, it was found that the prevalence of OP
in men and women aged 50 years and over was 22.2 and
27.2%, respectively [16]. Of the participants 32.4% were
diagnosed with osteoporosis as consistent with similar age
groups in the literature.Low BMI is another critical risk
factor for osteoporosis [17]. Accordingly, age, female gen-
der, and BMI were found to be related to osteopenia and
osteoporosis in our study. On the other hand, even though
optimal vitamin D levels are essential to prevent osteopo-
rosis, vitamin D levels were higher in the osteopenia and
osteoporosis groups than in the control group in the cur-
rent study. This may be related to the periodic screening
and treatment of vitamin D levels in our clinical practice,
or possibly due to a blunted vitamin D receptor response,
even if vitamin D is enhanced to a sufficient level [18].

Sarcopenia is a condition characterized by a progres-
sive loss of muscle quantity and quality. In advanced age,
with reasons such as the increased risk of malnutrition,
immobility, hormonal deficiencies, increased cytokine
levels, the frequency of sarcopenia increases[6, 19]. By
the reason of racial and ethnic differences the prevalence
of sarcopenia ranges between 5-13% in 60-70 years and
11-50% over the 80 years age in the literature [20, 21].
Our sarcopenia prevalence was compatible with previous
studies from Turkey. Bulut et al. was determined the preva-
lence of sarcopenia as 24.8% in Turkey. Since we evalu-
ated sarcopenia with EWGSOP-2 which has lower cut-off
values especially for muscle strength, in accordance with
our previous studies our sarcopenia prevalence was 29.9%
in this study. [22]. Moreover, Yazar et al. was identified
sarcopenia prevalence in the life decades 60-69, 70-79
and 80 years and older age groups as 15.4, 21.2 and 36.5%,
respectively, with EWGSOP[23].

Until now, many studies have reported that bone and
muscle tissues interact in many different ways, prompting
researchers to wonder if there is a relationship between
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sarcopenia and osteoporosis [8]. Although osteosarcopenia
is predetermined, some inconsistencies in the relationship
between sarcopenia and osteoporosis were observed in the
current study. In one study, Reiss et al. showed an associa-
tion between sarcopenia and osteoporosis, especially in
women [24]; whereas in another one, Lima et al. found no
relationship between severe sarcopenia and osteoporosis
[25]. Therefore, to the best of our knowledge, this is the
first study to compare sarcopenia (determined according
to the EWGSOP-2 criteria), osteopenia, and osteoporosis
in different body parts.

In this study, we found that the risk of osteoporosis was
increased 3.17 times in the probable sarcopenia group and
3.81 times in the severe sarcopenia group. When we evalu-
ated the sarcopenia criteria individually, the risk of osteo-
porosis was increased 3.14 times in participants with low
muscle strength and 2.71 times in participants with low
physical performance. Nevertheless, muscle mass was not
associated with osteoporosis. These results suggest that the
main issue between bone and muscle tissue may be muscle
strength and functionality rather than muscle mass. Muscle
forces exert higher forces on bones than gravitational ones
associated with weight [26]. Besides, it is known that muscle
strength is affected before than muscle mass in development
of sarcopenia. Moreover, loss of muscle strength could not
be completely explained by the loss of muscle mass [27].
On the other hand, the muscle strength and mechanical load
on the bone stimulates bone cells by producing factors that
lead to bone formation, such as myokines [28, 29]. However,
there are contradictory results regarding the relationship of
muscle mass to osteoporosis. Ma et al. showed no associa-
tion between muscle mass and osteoporosis; whereas, Kim
SY et al. showed that it is positively correlated with bone
density. However, this study defined low muscle mass with
a lower cut-off value than that stated in the EWGSOP-2 [30,
31]. Since the cross-sectional design, this study could not
define a cause-and-effect relationship. Thus, further prospec-
tive studies are needed.

We found that the risk of femoral neck osteoporosis was
increased 3.188 times in the probable sarcopenia group and
7.63 times in the severe sarcopenia group. Also, probable
sarcopenia increased the risk of femoral neck osteopenia
by 2.75 times. Similarly, Kim SW et al. showed a relation-
ship between handgrip strength and femoral neck BMD in
older adults [32]. Handgrip strength is a useful measure-
ment to predict slow gait speed, and also lower extremity
strength [33]. Moreover, in computerized experimental mod-
els used to create femoral neck implants, the morphology
of the femoral shaft could not be simulated without adding
muscle forces [34]. Additionally, many studies have shown
how muscle forces affect femoral shaft and proximal femur
morphological characteristics in different ways during bone
growth. All these data can explain why femoral neck bone
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mineral density is also associated with muscle force and
strength [35]. Meanwhile, a slow gait speed increased the
risk of femoral neck osteopenia and femoral neck osteopo-
rosis by 2.21 times (p <0.05) and 4.49 times, respectively
(p <0.001). Considering that walking speed is a reflection of
leg muscle strength and gait speed is related to bone health
[36], this is an expected result. Besides, slow gait speed is an
independent risk factor for falls in older adults [37]. It can be
seen how important this relationship is in terms of the risk
of hip fracture. Considering that hip fractures with possible
harmful consequences are the most critical complications
of osteoporosis, it is vital to determine the risk factors for
sarcopenia and osteoporosis and to take precautions in older
adults.

The study has several strengths. First, all participants
underwent a comprehensive geriatric assessment, and thus,
other factors that could affect the results were eliminated. To
elaborately investigate the relationship between sarcopenia
and osteopenia/osteoporosis, we individually evaluated all
three factors that play a role in the diagnosis of sarcopenia:
muscle strength, muscle mass, and physical activity. As far
as we are concerned, this study is one of the first studies
to use the EWGSOP-2 criteria to investigate the relation-
ship between sarcopenia and osteoporosis. We have some
limitations in this study. The study has a retrospective and
cross-sectional design. We had no data for anti-osteoporosis
drug usage. On the other hand, we participate the subjects
who applied geriatric outpatient clinic, that may make it
hard to generalize the results of the study for whole popula-
tion. Besides that, in this retrospective study we included
the patients who had DEXA measurements. Even though
osteoporosis is a major problem in both genders, it has been
investigated mostly in females in daily practice because of
DEXA measurements are recommended in earlier ages for
female patients. Thus, while we had 359 female participants
in this study, we had only 85 male participants. Moreover,
in our study, adjustments were made for age, gender and
BMI to determine the relationship between osteoporosis and
dynapenia, or sarcopenia to eliminate this problem.

Conclusion

Low muscle strength, or dynapenia, and low physical per-
formance seem to be associated with osteoporosis, and
probable and severe sarcopenia are associated with osteo-
porosis in older adults. Moreover, probable sarcopenia,
low muscle strength, and low physical performance were
associated with femoral neck osteopenia and femoral neck
osteoporosis in the current study. Therefore, osteodynap-
enia [10] may highlight this complex interrelationship
better than osteosarcopenia. Furthermore, it is essen-
tial to evaluate osteoporosis and sarcopenia together as
they have common modifiable risk factors, including low
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muscle strength and physical inactivity, as well as common
adverse outcomes such as fractures, falls, and economic
burden.
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