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ABSTRACT Objective: The aim of this study is to investigate the re-
lationship between osteosarcopenic obesity (OSO) with frailty, balance,
fatigue, depression and quality of life in the geriatric population. Ma-
terial and Methods: Forty female patients who were over 65 years of
age, had a body mass index (BMI) >30 kg/m? and were diagnosed with
OSO after dual-energy X-ray absorptiometry and muscle strength mea-
surements were included in the cross-sectional study. The demographic
characteristics of the patients were recorded, and the parameters of fra-
ilty, muscle strength, mobility, balance, fatigue, depression and quality
of life were evaluated with questionnaires. Results: The mean age of
the 40 female patients included in the study was 70.72+5.27, and the
mean BMI was 35.51+4.83. They had a mean body fat percentage of
48.48+4.84 and an Edmonton Frailty Scale score of 7.40+3.33. No sig-
nificant correlation was detected between BMI and any of the clinical
parameters. A significant and positive correlation was observed bet-
ween patients’ body fat percentages and frailty, fatigue and depression
(r=0.813, r=0.792, 1=0.538), while a significant and negative correlation
was detected between fat percentage and muscle strength and balance
(r=-0.420, r=-0.771). Conclusion: Our findings demonstrate that the
level of frailty, fatigue, and depression increased, and balance and qua-
lity of life were impaired in geriatric patients diagnosed with OSO. In
addition, we found that BMI alone was not a significant parameter in
the diagnosis of OSO, while the fat percentage was more significant on
the clinical parameters. Raising awareness about OSO in the geriatric
population is an important step towards healthy aging.
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OZET Amac: Bu calismanin amaci, osteosarkopenik obezitenin
(OSO) geriatrik popiilasyonda kirilganlik, denge, yorgunluk, de-
presyon ve yasam kalitesiyle iliskisinin arastirilmasidir. Gereg ve
yontemler: Kesitsel olarak tasarlanan ¢alismaya, beden kitle indeksi
(BKI) >30 kg/m? olup cift enerjili X 1511 absorbsiyometrisi ve kas
giicii 6l¢timleri sonrast OSO tanis1 alan, 65 yas lizerinde 40 kadin
hasta dahil edildi. Hastalarin demografik 6zellikleri kayit altina alinip
kirilganlik, kas giicii, mobilite, denge, yorgunluk, depresyon ve yasam
kalitesi parametreleri anketlerle degerlendirildi. Bulgular: Calismaya
alinan 40 kadin hastanin yas ortalamast 70,72+5,27, BKI ortalamasi
ise 35,51+4,83 idi. Viicut yag yiizdesi ortalama 48,48+4,84, Edmon-
ton Kirtlganlik Olgegi puan ortalamasi da 7,40+3,33°tii. Higbir klinik
parametre ile BKI arasinda anlamli korelasyon saptanmadi. Hastalarin
viicut yag yiizdeleri ile kirtlganlik, yorgunluk ve depresyon arasinda
pozitif yonde (r=0,813, r=0,792, r=0,538), yag yiizdesi ile kas giicii ve
denge arasinda negatif yonde (r=-0,420, r=-0,771) istatistiksel olarak
anlamli korelasyon saptandi. Sonug: Geriatrik popiilasyonda OSO
tanil1 hastalarda kirilganlik, yorgunluk ve depresyon diizeyinin arttig1,
dengenin ve yasam kalitesinin bozuldugu gosterildi. Ayrica OSO
tanisinda BKI’nin tek bagina anlamli olmadigi, yag yiizde oraninin
klinik parametreler iizerine daha anlamli oldugu belirtildi. Ozellikle
geriatrik popiilasyonda OSO ile ilgili farkindalik yaratmak, saglikli
yaslanma i¢in atilacak 6nemli bir adimdir.

Anahtar Kelimeler: Osteosarkopenik obezite;
kirilganlik; yorgunluk; depresyon

Sarcopenia, obesity and osteopenia/osteoporosis
are three interrelated clinical conditions which may
have common pathophysiological factors. Osteosar-
copenic obesity (OSO), which has been associated

with some diseases affecting aging and mobility, has
recently been described by Illich et al.! First, sar-
copenic obesity has been described as muscle loss
with excess fat, followed by the term osteopenic obe-
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sity, which indicates simultaneous excessive fatness
with bone loss."> OSO, on the other hand, includes
three items, 1) deterioration of bone health in the
form of osteoporosis/osteopenia, 2) redistribution and
infiltration of the increased adipose tissue into mus-
cles and bones, and 3) sarcopenia due to the decrease
in muscle mass and strength.’ In addition, OSO in-
sulin resistance is the result of endocrine imbalances
such as decreased anabolic hormone production and
the dysregulation of major metabolic pathways due
to the increase in proinflammatory factors.*

The relationship between obesity and osteo-
porosis/osteopenia is a U-shaped curve that demon-
strates both underweight individuals and those with
excess fat are at risk.> New data suggest that there is
a limit at which excess fat mass turns from being ben-
eficial to being harmful for bone health, after a body
fat threshold of 33 percent, visceral fat produces
molecules that are harmful to the bone microenvi-
ronment.>

While adipose tissue was previously considered
as a region for energy storage, today it is accepted as
an endocrine organ that secretes many cytokines in-
cluding leptin, adiponectin, tumor necrosis factor-
alpha, interleukin and CRP.® As a result of increased
fat infiltration, osteogenesis and myogenesis in the
mesenchymal stem cells is suppressed with the in-
creased expression of peroxisome proliferator-acti-
vated receptor gamma in the bone marrow,
adipogenesis is facilitated, and the cycle results with
an increased fat percentage in the bone and muscle.’
In sarcopenia, which means a decrease both in the
number and size of fibers (atrophy), the main cause of
muscle mass loss is the imbalance between anabolism
and catabolism. The main culprits of this balance
problem are endocrine and inflammatory factors and
protein loss.®

The dual-energy X-ray absorptiometry (DXA)
and magnetic resonance imaging (MRI) techniques
are the most accurate methods in diagnosing lean
mass, bone mass and body fat percentage, which are
among the body composition parameters.® Although
MRI provides a more precise measurement of muscle
mass, it is not widely used in diagnosis due to its high
cost. Grip strength, single leg stance and gait speed
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tests are the primary tests to be conducted in clinical
evaluation.

Although the pathophysiological mechanisms re-
lated to OSO are based on hypotheses, hormonal dis-
orders due to the proinflammatory environment and
excessive fat can lead to the loss of both muscle and
bone tissue through various mechanisms, leading to
an increase in frailty, risk of fall and fracture, and re-
duced physical activity. This situation increases adi-
posity in the vicious cycle of progressive muscle and
bone loss accompanied by fat gain.’ As life ex-
pectancy and the size of the elderly population in-
crease, this disease will become more common and
increase the healthcare costs.!® Increased loss of bal-
ance and falling rates as a result of sarcopenia will
trigger a vicious cycle that will result in immobiliza-
tion, in this case, more bone loss, increased sarcope-
nia and obesity. Considering these pathophysiological
processes, revealing the relationship of OSO with
clinical data will be guiding in terms of follow-up and
treatment. In this study, we aimed to reveal whether
there is a relationship between the presence of OSO
and vulnerability, balance, fatigue, depression and
quality of life in the geriatric female population.

I MATERIAL AND METHODS

This cross-sectional study included 40 female pa-
tients diagnosed with OSO, who presented to the
Physical Medicine and Rehabilitation Outpatient
Clinic of Izmir Katip Celebi University Atatiirk
Training and Research Hospital between March 2019
and August 2019 and had a body mass index (BMI)
>30 kg/m?, were over 65 years of age, and were found
to have an L1-L4 t score <-1.0 and a body fat per-
centage >32% in the DXA examination requested as
aresult of anamnesis and detailed examination, and a
grip strength of <16 kg measured using a dy-
namometer.'!3 The study protocol was approved by
the Izmir Katip Celebi University Clinical Research
Ethics Committee (decision number: 26/14.03.2019).
Written informed consent was obtained from all pa-
tients and all steps of the study were conducted ac-
cording to the Declaration of Helsinki principles.
Patients with diseases such as stroke and vertigo,
which may affect the balance parameters, patients
with prostheses, bone implants or grafts on the skin
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Assessed for eligibility
L1-L4 t skor <-1.0
Body fat ratio >32%
Hand grip strength <16 kg
(n=60)
Excluded (n=20)
1) Participation before the
Enrolment = birthday (age <65) (n=6)
2)History of diagnosis dementia
(n=5)
l 3) BMI <30 kg/m? (n=4)
4) History of diagnosis stroke
(n=3)
A total of 40 5) History of diagnosis vertigo
patients included (n=2)

FIGURE 1: Study flow diagram.
BMI: Body mass index.

that may have an impact on whole-body DXA exam-
ination, and those diagnosed with cardiac failure,
liver cirrhosis, kidney failure or cancer were excluded
from the study. Twenty patients who did not meet the
inclusion criteria were excluded from the study (Fig-
ure 1).

EVALUATIONS

Demographic and disease-related data such as age,
height, weight, BMI, marital status, occupation, an-
nual number of falls of the patients included in the
study were recorded using an evaluation form. Frailty,
muscle strength, mobility, balance, fatigue, depres-
sion and quality of life parameters of the cases were
evaluated with questionnaires. Bone mineral density
and body fat percentage were evaluated with DXA.

The patients’ frailty levels were determined
using the Edmonton Frail Scale. The scale consists
of 11 questions and has nine sub-dimensions, includ-
ing cognition, general health status, functional inde-
pendence, social support, medication use, nutrition,
mood, continence, and functional performance. The
scale can be scored between 0 and 17. A total score
of 0 to 4 means “not frail”, 5 to 6 “apparently vul-
nerable”, 7 to 8 “mild frailty”, 9 to 10 “moderate
frailty”, and 11 and above “severe frailty”.!*!>

Grip strength of the patients was measured using
a Jamar hand dynamometer. While the elbow was in
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extension and the shoulder and wrist were in neutral
position, the patient was asked to squeeze the dy-
namometer with full strength. The mean value ob-
tained by repeating the measurements made with the
dominant hand three times was used for analysis.!®

Timed Up and Go Test (TUG) was used for mo-
bility assessment. This test measures the time after
getting up from a chair, walking 3 meters and return-
ing to the full sitting position on the chair. The time
is recorded in seconds. This test has a high sensitiv-
ity and specificity for individuals who have the risk of
movement disorders and falls.'” If the measured time
is longer than 12 seconds, it indicates the presence of
a fall risk.

The Tinneti Balance and Gait Test, which eval-
uates the balance ability and gait especially in the
geriatric population, is a scale that consists of two
parts. The total balance parameter score in the scale
varies between 0 and 26, and the total gait param-
eter score varies between 0 and 9. As the score in-
creases, the risk of falling decreases.'®

The Fatigue Severity Scale was used to mea-
sure the effect of fatigue on patients. The scale in-
cludes nine statements, scored using a 1-7 points
Likert scale; where 1 point means “totally dis-
agree” and 7 points ‘totally agree’. Higher scores

indicate higher levels of fatigue.'*?°

The Geriatric Depression Scale consists of 30
easy-to-understand questions based on self-report,
generally aimed at the elderly. Answers are given
as “yes” and “no”. Each given response that indi-
cates depression is worth one point and responses
otherwise are worth zero points.?!>?

The Nottingham Health Profile, which is used
to assess the quality of life, was developed as a
general health questionnaire to determine the emo-
tional, social and physical effects of diseases on the
individual. The tool consists of 38 questions in six
categories, including pain, emotional reactions, sleep,
social isolation, physical activity, and energy. Ques-
tions are answered as “yes” or “no” and are scored
between 0 and 100 in each section, where 0 indicates
the best health status and 100 the worst health sta-
tuS.23‘24
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STATISTICAL ANALYSIS

Statistical evaluations were made using the SPSS
(Statistical Package for the Social Sciences) v.20.0
software. In the evaluation of the obtained data, con-
tinuous variables were presented as mean+tstandard
deviation and categorical variables as frequency and
related percentage. The relationships between the
continuous variables were evaluated using Spear-
man’s correlation test.

I RESULTS

The demographic characteristics of the 40 female pa-
tients included in the study are presented in Table 1.

TABLE 2: Clinical characteristics of the participants.
MeanxSD
T score -1.82+0.65
Bone (%) 2.47+0.28
Fat (%) 48.48+4 .84
Lean (%) 49.06+4.68
EFS 7.40+3.33
Grip strength 10.81+3.38
TUG 13.43+3.41
TBT 19.17£3.75
TGT 6.40+1.61
FSS 5.58+1.45
GDS 13.85+4.64
NHP pain 27.56+14.19
NHP emotional reactions 24.29+16.12
NHP sleep 24.01+16.26
NHP social isolation 25.73+£16.08
NHP physical mobility 32.80+£15.32
NHP energy 38.74+36.97

TABLE 1: Socio-demographic characteristics of the participants.
MeantSD
Age (year) 70.7215.27
Height (cm) 155.52+5.43
Weight {kg) 85.37+12.91
BMI (kg/m?) 35.51+4.83
Menopausal age 46.37+5.28
The number of drugs used 2.85+1.84
Falling number per year 1.57£1.10
n (%)
Job
Housewife 33 (82.5)
Retired 7(17.5)
Level of education
Illiterate 11(27.5)
Primary-high school 28 (70)
University 1(2.5)
Marital status
Married 20 (50)
Widow 20 (50)
Calcium replacement
Yes 17 (42.5)
No 23 (57.5)
Hormone replacement
Yes 2 (5)
No 38 (95)
Exercise
Less than 3 days a week 8 (20)
More than 3 days a week 4(10)
No 28 (70)
Habitual smoking
Yes 6(15)
No 31(77.5)
Use in the past 3({7.5)

BMI: Body mass index; SD: Standard deviation.
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SD: Standard Deviation; EFS: Edmonton Frailty Scale; TUG: Time Up and Go;
TBT: Tinetti Balance Test; TGT: Tinetti Gait Test; FFS: Fatigue Severity Scale;
GDS: Geriatric Depression Scale; NHP: Nottingham Health Profile.

The mean age of the patients was 70.72+5.27 years,
and the mean BMI was 35.51+4.83 (Table 1).

When the clinical characteristics of the cases
were examined, the mean t score was found -
1.82+0.65 and the mean body fat percentage was
48.48+4.84. The clinical characteristics of the pa-
tients are given in Table 2.

When the correlations of the patients’ clinical
parameters were examined, a strong positive correla-
tion was found between fat percentage and frailty,
TUG, fatigue, and depression scales, whereas a weak
and negative correlation was found between fat per-
centage and muscle strength and a moderate negative
correlation between fat percentage and balance
(Table 3). A statistically significant positive correla-
tion was found between the percentage of fat and the
parameters of the quality of life scale (Table 4).

I DISCUSSION

The aim of this study was to investigate the effect of
OSO on frailty, balance, functionality, depression and
quality of life. We found that as the fat percentage in
patients increased, frailty, fatigue and depression also
increased, while muscle strength, gait speed and qual-
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TABLE 3: The correlations between fat (%), EFS, grip strength, TUG, TBT, FFS and GDS scores.
BMI Fat ratio EFS Grip strength TUG TBT FFS
Fat (%) r=0.217
p=0.179 -
EFS r=-0.001 r=0.813 -
p=0.997 p=<0.001
Grip strength =-0.003 =-0.420 r=-0.834 -
p=0.988 p=<0.001 p=<0.001
TUG r=0.084 r=0.709 r=0.800 =-0.785 -
p=0.604 p=<0.001 p=<0.001 p=<0.001
TBT =-0.012 =-0.771 r=-0.900 =0.776 r=-0.875
p=0.940 p:<0.001 p=<0.001 p=<0.001 p=<0.001
FFS r=0.029 r=0.792 r=0.875 =-0.772 r=0.840 =-0.855 -
p=0.859 p=<0.001 p=<0.001 p=<0.001 p=<0.001 p=<0.001
GDS r=-0.081 =0.538 r=0.731 r=-0.540 =0.537 r=-0.644 r=0.682
p=0.62 p=<0.001 p=<0.001 p=<0.001 p=<0.001 p=<0.001 p=<0.001
Spearman correlation test
BMI: Body mass index; EFS: Edmonton Frailty Scale; TUG: Time Up and Go; TBT: Tinetti Balance Test; FFS: Fatigue Severity Scale; GDS: Geriatric Depression Scale.
TABLE 4: The correlations between fat ratio, grip strength and NHP.
NHP pain NHP emotional reactions NHP sleep NHP social isolation ~ NHP physical mobility ~ NHP energy
Fat (%) r=0.762 =0.762 r=0.762 r=0.524 r=0.732 r=0.758
p=<0.001 p=<0.001 p=<0.001 p=0.001 p=<0.001 p=<0.001
Grip strength =-0.744 =-0.534 =-0.464 =-0.573 =-0.731 =-0.726
p=<0.001 p=<0.001 p=0.003 p=<0.001 p=<0.001 p=<0.001

NHP: Nottingham Health Profile.

ity of life decreased. To the best of our knowledge,
this is the first study to evaluate the relationship be-
tween the OSO and depression and fatigue variables
in elderly patients.

Until recently, both osteopenic and sarcopenic
obesity were generally overlooked as it was believed
that excess fat mass protected the person from loss of
muscle, movement and strength. Studies have shown
that intramuscular fat infiltration can lead to de-
creased muscle quality, functionality and ultimately
increased frailty.> In accordance with the literature,
we also showed in our study that increasing fat mass
in the body increases frailty. In a study conducted in
Canada, it was reported that obesity increases frailty
and consequently decreases the quality of life.”
Frailty, which includes both psychosocial disorder
and physical labor loss, is a multidimensional con-
cept, thus, a holistic approach is required for its treat-
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ment. During this period, in which the field of geri-
atrics move towards the detection and treatment of
disability in its early stages, frailty, an important
health problem, can be reduced with the reduction of
obesity and with the reduced rate of falls and frac-
tures as a result of improving the patient’s balance.

Adults above 50 years of age, experience a 1-2%
reduction in muscle strength and muscle mass on a
yearly basis, and this decline tends to accelerate in
the following years.?’” Choi et al. reported that vis-
ceral obesity was independently associated with
skeletal muscle mass loss.?® In our study, we showed
the positive correlation between obesity and sar-
copenia (using muscle strength and TUG parame-
ters). Sarcopenia can cause obesity by reducing
physical activity and energy consumption, while obe-
sity may cause sarcopenia by triggering inflamma-
tion.”? In their study on 423 elderly individuals,
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Oztiirk et al. found that sarcopenic obesity was preva-
lent in 11% of the patients, and that this fraction had
the lowest hand grip strength and gait speed, and the
highest risk of falling.*° Similarly, Huo et al. showed
that the number of falls was higher in older adults
with sarcopenic obesity than in the sarcopenic or
obese group alone.*! Although BMI is a predictor of
obesity, it does not fully reflect the muscle mass and
body fat. Accordingly, no statistically significant cor-
relation was found between fat percentage and BMI
in our study. We believe that when evaluating obe-
sity and its risks in the elderly, taking the muscle
function and mass into account is absolutely neces-
sary. When the aim is to prevent obesity and sar-
copenia, a healthy lifestyle that includes interventions
regarding nutrition and exercise should be promoted.
The effectiveness of physical activities to be per-
formed within the programs to improve balance,
ankle flexibility, muscle strength of the lower ex-
tremities and the ability to get up from the ground has
also been demonstrated by studies.*?

For patients diagnosed with osteopenic obesity,
the increased risk of falls and fractures is one of the
biggest concerns. Injuries after a fall and the fear of
movement can drag patients to immobilization and
decrease the quality of life, while increasing the
health costs. Immobilization reduces the ability to
live independently by worsening the sarcopenia,
which is known to be associated with frailty, obesity,
osteoporosis, and falls.** Tlich et al. compared 32 pa-
tients with OSO with 99 only obese patients and re-
ported that OSO patients had a lower grip strength
and could spend a shorter time when standing on one
leg was.”® Using computed tomography, Lang et al.
demonstrated that fat infiltration increases the risk of
hip fractures.’* It has been shown that the risk of hip
fracture increases in patients with a BMI >30 kg/m?,
and that decreased functionality and muscle strength
after hip fractures are associated with frailty and in-
creased morbidity.**2® Our study showed that the
muscle strength and balance parameters, which are
more valuable than the chronological age in evalua-
tion of frailty, were impaired in patients with OSO.
Again, in accordance with our study, Ma et al.
showed that elderly patients who were diagnosed
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with OSO had low muscle strength and balance
scores.’” while Szlejf et al. reported that OSO was di-
rectly associated with frailty and poor physical per-
formance.*® Since the processes that lead to OSO start
earlier, this situation should be considered as an early
indicator of frailty and a window of opportunity for
interventions, and these individuals should be in-
formed about preventive measures.

Although fatigue may be the only complaint of a
geriatric patient with sarcopenia, frailty or depression,
the relationship between these findings has not been
studied extensively. Patino et al. could not establish a
relationship between sarcopenia and fatigue in patients
over 60 years of age.* In a study conducted on 157 pa-
tients with osteoarthritis and rheumatoid arthritis, V1i-
etstra et al. found no relationship between sarcopenia
and fatigue, however, reported the presence of a cor-
relation between sarcopenia and body fat percentage.*’
Although we detected a strong statistically significant
correlation between sarcopenia and fat percentage and
fatigue in our study, there is a need for studies with
larger populations to elucidate the underlying mecha-
nisms in this relationship.

Depression status in patients with OSO has not
been evaluated before. In our study, depression was
found to be positively correlated with fat mass and
fatigue, and negatively correlated with muscle
strength and balance. In their study involving 3,862
participants, Hamer et al. showed that sarcopenic
obesity is a risk for depressive symptoms.*! Sarcope-
nia may cause depression due to reasons such as de-
pendency in daily living activities, decreased food
intake, impaired personal care, and immobilization.*!
Consistent with our results, Lino et al. reported that as
the grip strength decreased, the level of depression
increased, and Olgun et al. reported that the severe
sarcopenia and depression were correlated.*>** Con-
sidering that the skeletal muscle also plays a role in
metabolic responses, metabolic and endocrine disor-
ders can be expected to negatively affect the mental
functions. In 1,731 geriatric participants, Ishii et al.
showed that obesity alone was a risk factor for de-
pression due to insulin resistance, and sarcopenic
obesity was correlated with depression.** Obesity-re-
lated chronic inflammation, imbalance in the hy-
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pothalamic-pituitary-adrenal axis, and the stress due
to hypermethylation of the glucocorticoid receptors
increase the risk of developing depression.?®

In individuals diagnosed with OSO, changes in
the body composition, deterioration in the functional
status and activities of daily living due to the increase
in the risk of falling and increase in morbidity are ex-
pected clinical results. Ul Haq et al. stated that there
was a negative correlation between BMI and quality
of life scores in adults over 65 years of age.* The only
study evaluating the quality of life due to OSO in the
literature is that of Keramidaki et al., in which no dif-
ference was observed in terms of quality of life be-
tween the group with OSO and without OSO.* The
results of our study exhibited an increase in frailty, fa-
tigue and depression and a decrease in quality of life
in parallel with the increase in body fat percentage.

Our study had some limitations. The lack of a
standard definition for OSO was our first limitation.
In addition, the cross-sectional analysis prevented the
establishment of a causal relationship between OSO
and other variables. Although it has been shown in
the literature that gender and OSO are not related, the
absence of male participants in our study prevented
the generalizability of the results.*® Since only the pa-
tients diagnosed with OSO were included, our study
did not have the power to show the differences be-
tween sarcopenic obesity and osteopenic obesity. The
low number of patients and vitamin D level not being
checked are other limitations of our study. Undoubt-
edly, while examining the relationship between bal-
ance and mobility with OSO, we think that the
volunteers’ vitamin D levels are also important due to

age group. Although we have ruled out many clinical
conditions in the exclusion criteria of the study that
may affect balance and mobility, in the light of our
current knowledge, the effect of vitamin D levels on
these parameters is known.” In the geriatric female
population, it has been reported that supplementation
of'a combination of vitamin D and calcium can help
significantly reduce the risk of falling, hence signifi-
cant effects on balance and mobility.*’

I CONCLUSION

In conclusion, we showed that patients with OSO ex-
hibited a positive correlation between fat percentage
and frailty, fatigue and depression, and a negative
correlation between fat percentage and muscle
strength, balance and quality of life. Raising aware-
ness about OSO will help in developing new health
policies in terms of healthy and active aging.

Source of Finance

During this study, no financial or spiritual support was received
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may

negatively affect the evaluation process of this study.

Conflict of Interest

No conflicts of interest between the authors and / or family mem-
bers of the scientific and medical committee members or mem-
bers of the potential conflicts of interest, counseling, expertise,

working conditions, share holding and similar situations in any

firm.

Authorship Contributions

All authors contributed equally while this study preparing.

llich JZ, Kelly OJ, Inglis JE, et al. Interrelationship
among muscle, fat, and bone: connecting the dots
on cellular, hormonal, and whole body levels. Age-
ing Res Rev. 2014;15:51-60. [Crossref] [PubMed]

Stenholm S, Harris TB, Rantanen T, et al. Sar-
copenic obesity: definition, cause and conse-
quences. Curr Opin Clin Nutr Metab Care.
2008;11:693-700. [Crossref] [PubMed] [PMC]

JafariNasabian P, Inglis JE, Kelly OJ, et al. Os-
teosarcopenic obesity in women: impact, preva-
lence, and management challenges. Int J

I REFERENCES

Womens Health. 2017;13;9:33-42. [Crossref]
[PubMed] [PMC]

llich JZ, Kelly OJ, Kim Y, et al. Low-grade chronic
inflammation perpetuated by modern diet as a
promoter of obesity and osteoporosis. Arh Hig
Rada Toksikol. 2014;65:139-48. [Crossref]
[PubMed]

Zhao LJ, Jiang H, Papasian CJ, et al. Correlation
of obesity and osteoporosis: effect of fat mass on
the determination of osteoporosis. J Bone Miner
Res. 2008;23:17-29. [Crossref] [PubMed] [PMC]

133

Jafarinasabian P, Chi YC, llich J. Adipokines
as mediators of bone density in overweight/
obese postmenopausal women after 6-month
weight loss program. FASEB J. 2015;29:738.4.
[Link]

Hamrick MW,  McGee-Lawrence  ME,
Frechette DM. Fatty infiltration of skeletal
muscle:  mechanisms and  comparisons
with bone marrow adiposity. Front Endocrinol
(Lausanne). 2016;20;7:69. [Crossref] [PubMed]
[PMC]


https://www.sciencedirect.com/science/article/pii/S1568163714000233?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/24632496/
https://journals.lww.com/co-clinicalnutrition/Abstract/2008/11000/Sarcopenic_obesity__definition,_cause_and.4.aspx
https://pubmed.ncbi.nlm.nih.gov/18827572/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2633408/
https://www.dovepress.com/osteosarcopenic-obesity-in-women-impact-prevalence-and-management-chal-peer-reviewed-fulltext-article-IJWH
https://pubmed.ncbi.nlm.nih.gov/28144165/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5245917/
https://www.sciendo.com/article/10.2478/10004-1254-65-2014-2541
https://pubmed.ncbi.nlm.nih.gov/24945416/
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.070813
https://pubmed.ncbi.nlm.nih.gov/17784844/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2663586/
https://faseb.onlinelibrary.wiley.com/doi/abs/10.1096/fasebj.29.1_supplement.738.4
https://www.frontiersin.org/articles/10.3389/fendo.2016.00069/full
https://pubmed.ncbi.nlm.nih.gov/27379021/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4913107/

Elif Umay ALTAS et al.

J PMR Sci. 2021;24(2):127-34

8.

20.

21.

NIH Consensus Development Program [Internet].
[Cited: 29.12.2016]. Retirement of the National In-
stitutes of health consensus development pro-
gram. Available from: [Link]

Ormsbee MJ, Prado CM, llich JZ, et al. Osteosar-
copenic obesity: the role of bone, muscle, and fat
on health. J Cachexia Sarcopenia Muscle.
2014;5:183-92. [Crossref] [PubMed] [PMC]

Hernlund E, Svedbom A, Ivergard M, et al. Os-
teoporosis in the European Union: medical man-
agement, epidemiology and economic burden. A
report prepared in collaboration with the Interna-
tional Osteoporosis Foundation (IOF) and the Eu-
ropean Federation of Pharmaceutical Industry
Associations  (EFPIA).  Arch  Osteoporos.
2013;8:136. [Crossref] [PubMed] [PMC]

Shin H, Liu PY, Panton LB, et al. Physical per-
formance in relation to body composition and
bone mineral density in healthy, overweight, and
obese postmenopausal women. J Geriatr Phys
Ther. 2014;37:7-16. [Crossref] [PubMed]

Ace FitAce Fitness [Internet]. © 2016 The Ameri-
can Council on Exercise. [Cited: 01.01.2016].
What are the guidelines for percentage of body fat
loss? Available from: [Link]

Cruz-Jentoft AJ, Bahat G, Bauer J, et al; Writing
Group for the European Working Group on Sar-
copenia in Older People 2 (EWGSOP?2), and the
Extended Group for EWGSOP2. Sarcopenia: re-
vised European consensus on definition and di-
agnosis. Age Ageing. 20191;48:16-31. Erratum in:
Age Ageing. 2019;1;48:601. [PubMed] [PMC]

Rolfson DB, Majumdar SR, Tsuyuki RT, et al. Va-
lidity and reliability of the Edmonton Frail Scale.
Age Ageing. 2006;35:526-9. [Crossref] [PubMed]
[PMC]

Aygdr HE, Fadiloglu G, Sahin S, et al. Validation
of edmonton frail scale into elderly Turkish popu-
lation. Arch Gerontol Geriatr. 2018;76:133-7.
[Crossref] [PubMed]

Haidar SG, Kumar D, Bassi RS, et al. Average
versus maximum grip strength: which is more con-
sistent? J Hand Surg Br. 2004;29:82-4. [Crossref]
[PubMed]

Bischoff HA, Stahelin HB, Monsch AU, et al. Iden-
tifying a cut-off point for normal mobility: a com-
parison of the timed 'up and go' test in
community-dwelling and institutionalised elderly
women. Age Ageing. 2003;32:315-20. [Crossref]
[PubMed]

Tinetti ME. Performance-oriented assessment of
mobility problems in elderly patients. J Am Geriatr
Soc. 1986;34:119-26. [Crossref] [PubMed]

Krupp LB, LaRocca NG, Muir J, et al. A study of
fatigue in systemic lupus erythematosus. J
Rheumatol. 1990;17:1450-2. [PubMed]
Gencay-Can A, Can SS. Validation of the Turkish
version of the fatigue severity scale in patients
with fibromyalgia. Rheumatol Int. 2012;32:27-31.
[Crossref] [PubMed]

Yesavage JA, Brink TL, Rose TL, et al. Develop-
ment and validation of a geriatric depression

22.

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

34.

35.

screening scale: a preliminary report. J Psychiatr
Res. 1982-1983;17:37-49. [Crossref] [PubMed]

Ertan T, Eker E. Reliability, validity, and factor
structure of the geriatric depression scale in Turk-
ish elderly: are there different factor structures for
different cultures? Int Psychogeriatr. 2000;12:163-
72. [Crossref] [PubMed]

McKenna SP, Hunt SM, McEwen J. Weighting the
seriousness of perceived health problems using
Thurstone's method of paired comparisons. Int J
Epidemiol. 1981;10:93-7. [Crossref] [PubMed]

Kiiclikdeveci AA, McKenna SP, Kutlay S, et al.
The development and psychometric assessment
of the Turkish version of the Nottingham Health
Profile. Int J Rehabil Res. 2000;23:31-8. [Crossref]
[PubMed]

llich JZ, Inglis JE, Kelly OJ, et al. Osteosarcopenic
obesity is associated with reduced handgrip
strength, walking abilities, and balance in post-
menopausal ~ women.  Osteoporos Int.
2015;26:2587-95. [Crossref] [PubMed]

Gajic-Veljanoski O, Papaioannou A, Kennedy C,
et al; CaMos Research Group. Osteoporotic frac-
tures and obesity affect frailty progression: a lon-
gitudinal analysis of the Canadian multicentre
osteoporosis study. BMC Geriatr 2018;18:4.
[Crossref] [PubMed] [PMC]

Dawson A, Dennison E. Measuring the muscu-
loskeletal ~ aging  phenotype.  Maturitas.
2016;93:13-7. [Crossref] [PubMed] [PMC]

Choi KM. Sarcopenia and sarcopenic obesity. Ko-
rean J Intern Med. 2016;31:1054-60. [Crossref]
[PubMed] [PMC]

Gregor MF, Hotamisligil GS. Inflammatory mech-
anisms in obesity. Annu Rev Immunol.
2011;29:415-45. [Crossref] [PubMed]

Oztiirk ZA, Tiirkbeyler iH, Abiyev A, et al. Health-
related quality of life and fall risk associated with
age-related body composition changes; sarcope-
nia, obesity and sarcopenic obesity. Intern Med J.
2018;48:973-81. [Crossref] [PubMed]

Huo YR, Suriyaarachchi P, Gomez F, et al. Phe-
notype of sarcopenic obesity in older individuals
with a history of falling. Arch Gerontol Geriatr.
2016;65:255-9. [Crossref] [PubMed]

Hubert B, Miot S, Bernard PL. How can we pre-
vent falls? In: Falaschi P, Marsh D, eds. Or-
thogeriatrics: The Management of Older Patients
with Fragility Fractures. Cham (CH): Springer;
2021. [Link]

Sanchez-Riera L, Carnahan E, Vos T, et al. The
global burden attributable to low bone mineral
density. Ann Rheum Dis. 2014;73:1635-45.
[Crossref] [PubMed]

Lang T, Cauley JA, Tylavsky F, et al; Health ABC
Study. Computed tomographic measurements of
thigh muscle cross-sectional area and attenuation
coefficient predict hip fracture: the health, aging,
and body composition study. J Bone Miner Res.
2010;25:513-9. [Crossref] [PubMed] [PMC]

De Laet C, Kanis JA, Odén A, et al. Body mass
index as a predictor of fracture risk: a meta-analy-

134

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

sis. Osteoporos Int. 2005;16:1330-8. [Crossref]
[PubMed]

Theou O, Jones GR, Jakobi JM, et al.. A compar-
ison of the relationship of 14 performance-based
measures with frailty in older women. Appl Phys-
iol Nutr Metab. 2011;36:928-38. [Crossref]
[PubMed]

Ma Y, Zhang W, Han P, et al. Osteosarcopenic
obesity associated with poor physical perform-
ance in the elderly chinese community. Clin Interv
Aging. 2020;11;15:1343-52. [Crossref] [PubMed]
[PMC]

Szlejf C, Parra-Rodriguez L, Rosas-Carrasco O.
Osteosarcopenic obesity: prevalence and relation
with frailty and physical performance in middle-
aged and older women. J Am Med Dir Assoc.
2017;1;18:733.e1-e5. [Crossref] [PubMed]

Patino-Hernandez D, David-Pardo DG,
Borda MG, et al. Association of fatigue with sar-
copenia and its elements: a secondary analysis
of SABE-Bogota. Gerontol Geriatr Med.
2017,3:2333721417703734. [Crossref] [PubMed]
[PMC]

Vlietstra L, Stebbings S, Meredith-Jones K, et al.
Sarcopenia in osteoarthritis and rheumatoid arthri-
tis: the association with self-reported fatigue,
physical function and obesity. PLoS One.
2019;6;14:€0217462. [Crossref] [PubMed] [PMC]

Hamer M, Batty GD, Kivimaki M. Sarcopenic obe-
sity and risk of new onset depressive symptoms in
older adults: English longitudinal study of ageing.
Int J Obes (Lond). 2015;39:1717-20. [Crossref]
[PubMed] [PMC]

Lino VTS, Rodrigues NCP, O'Dwyer G, et al.
Handgrip strength and factors associated in poor
elderly assisted at a primary care unit in Rio de
Janeiro, Brazil. PLoS One. 2016;11:0166373.
[Crossref] [PubMed] [PMC]

Olgun Yazar H, Yazar T. Prevalence of sarcopenia
in patients with geriatric depression diagnosis. Ir J
Med Sci. 2019;188:931-8. [Crossref] [PubMed]

Ishii S, Chang C, Tanaka T, et al. The association
between sarcopenic obesity and depressive
symptoms in older Japanese adults. PLoS One.
2016;14;11:€0162898. [Crossref]  [PubMed]
[PMC]

Ul-Haq Z, Mackay DF, Fenwick E, Pell JP. Asso-
ciation between body mass index and mental
health among Scottish adult population: a cross-
sectional study of 37,272 participants. Psychol
Med. 2014;44:2231-40. [Crossref] [PubMed]

Keramidaki K, Tsagari A, Hiona M, et al. Osteosar-
copenic obesity, the coexistence of osteoporosis,
sarcopenia and obesity and consequences in the
quality of life in older adults 265 years-old in
Greece. J Frailty Sarcopenia Falls. 2019;1;4:91-
101. [Crossref] [PubMed] [PMC]

Medical Advisory Secretariat. Prevention of falls
and fall-related injuries in community-dwelling
seniors: an evidence-based analysis. Ont Health
Technol Assess Ser. 2008;8:1-78. [PubMed]
[PMC]


https://consensus.nih.gov/2000/2000Osteoporosis111PDF.pdf
https://onlinelibrary.wiley.com/doi/full/10.1007/s13539-014-0146-x
https://pubmed.ncbi.nlm.nih.gov/24740742/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4159494/
https://link.springer.com/article/10.1007%2Fs11657-013-0136-1
https://pubmed.ncbi.nlm.nih.gov/24113837/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3880487/
https://journals.lww.com/jgpt/Fulltext/2014/01000/Physical_Performance_in_Relation_to_Body.2.aspx
https://pubmed.ncbi.nlm.nih.gov/23685966/
https://www.acefitness.org/education-and-resources/lifestyle/blog/112/what-are-the-guidelines-for-percentage-of-body-fat-loss/
https://pubmed.ncbi.nlm.nih.gov/30312372/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6322506/
https://academic.oup.com/ageing/article/35/5/526/9782
https://pubmed.ncbi.nlm.nih.gov/16757522/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5955195/
https://www.sciencedirect.com/science/article/abs/pii/S0167494317300894?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/29499529/
https://journals.sagepub.com/doi/10.1016/j.jhsb.2003.09.012
https://pubmed.ncbi.nlm.nih.gov/14734079/
https://academic.oup.com/ageing/article/32/3/315/40052
https://pubmed.ncbi.nlm.nih.gov/12720619/
https://agsjournals.onlinelibrary.wiley.com/doi/abs/10.1111/j.1532-5415.1986.tb05480.x
https://pubmed.ncbi.nlm.nih.gov/3944402/
https://pubmed.ncbi.nlm.nih.gov/2273484/
https://link.springer.com/article/10.1007%2Fs00296-010-1558-3
https://pubmed.ncbi.nlm.nih.gov/20658235/
https://www.sciencedirect.com/science/article/abs/pii/0022395682900334?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/7183759/
https://www.cambridge.org/core/journals/international-psychogeriatrics/article/abs/reliability-validity-and-factor-structure-of-the-geriatric-depression-scale-in-turkish-elderly-are-there-different-factor-structures-for-different-cultures/130FCAB1BDA209701B8694511D3BCD65
https://pubmed.ncbi.nlm.nih.gov/10937537/
https://doi.org/10.1093/ije/10.1.93
https://pubmed.ncbi.nlm.nih.gov/7239768/
https://journals.lww.com/intjrehabilres/Citation/2000/23010/The_development_and_psychometric_assessment_of_the.4.aspx
https://pubmed.ncbi.nlm.nih.gov/10826123/
https://link.springer.com/10.1007/s00198-015-3186-y
https://pubmed.ncbi.nlm.nih.gov/26025288/
https://bmcgeriatr.biomedcentral.com/articles/10.1186/s12877-017-0692-0
https://pubmed.ncbi.nlm.nih.gov/29304836/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5756402/
https://www.maturitas.org/article/S0378-5122(16)30093-7/fulltext
https://pubmed.ncbi.nlm.nih.gov/27131919/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5061080/
https://www.kjim.org/journal/view.php?doi=10.3904/kjim.2016.193
https://pubmed.ncbi.nlm.nih.gov/27809450/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5094937/
https://www.annualreviews.org/doi/10.1146/annurev-immunol-031210-101322
https://pubmed.ncbi.nlm.nih.gov/21219177/
https://onlinelibrary.wiley.com/doi/abs/10.1111/imj.13935
https://pubmed.ncbi.nlm.nih.gov/29665258/
https://www.sciencedirect.com/science/article/abs/pii/S0167494316300668?via%3Dihub
https://pubmed.ncbi.nlm.nih.gov/27131229/
https://www.springer.com/gp/book/9783030481254
https://ard.bmj.com/content/73/9/1635
https://pubmed.ncbi.nlm.nih.gov/24692584/
https://asbmr.onlinelibrary.wiley.com/doi/full/10.1359/jbmr.090807
https://pubmed.ncbi.nlm.nih.gov/20422623/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3153392/
https://link.springer.com/article/10.1007%2Fs00198-005-1863-y
https://pubmed.ncbi.nlm.nih.gov/15928804/
https://cdnsciencepub.com/doi/10.1139/h11-116
https://pubmed.ncbi.nlm.nih.gov/22111517/
https://www.dovepress.com/osteosarcopenic-obesity-associated-with-poor-physical-performance-in-t-peer-reviewed-fulltext-article-CIA
https://pubmed.ncbi.nlm.nih.gov/32848375/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7429206/
https://linkinghub.elsevier.com/retrieve/pii/S1525861017301329
https://pubmed.ncbi.nlm.nih.gov/28431912/
https://journals.sagepub.com/doi/10.1177/2333721417703734
https://pubmed.ncbi.nlm.nih.gov/28474000/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5407660/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0217462
https://pubmed.ncbi.nlm.nih.gov/31170172/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6553728/
https://www.nature.com/articles/ijo2015124
https://pubmed.ncbi.nlm.nih.gov/26122029/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4722238/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0166373
https://pubmed.ncbi.nlm.nih.gov/27832209/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5104380/
https://link.springer.com/article/10.1007%2Fs11845-018-01957-7
https://pubmed.ncbi.nlm.nih.gov/30610679/
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0162898
https://pubmed.ncbi.nlm.nih.gov/27627756/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5023182/
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/association-between-body-mass-index-and-mental-health-among-scottish-adult-population-a-crosssectional-study-of-37272-participants/63A9BCB9552E3591D3D077AB04D928ED
https://pubmed.ncbi.nlm.nih.gov/24274839/
http://www.jfsf.eu/Article.php?AID=v04i04_091
https://pubmed.ncbi.nlm.nih.gov/32300723/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7155308/
https://pubmed.ncbi.nlm.nih.gov/23074507/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3377567/

