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Introduction

Nowadays, there is a great concern about a new clinical 
condition that can affect functional capacity, as well as, the 
quality of life (QoL) of older adults, named osteosarcopenic 
obesity (OSO), as described by Illich and colleagues1. OSO 
was first described as sarcopenic obesity, namely a condition 
that is characterized by excess body fat with the concurrent 
loss of skeletal muscle2. Thereafter, the term ‘osteopenic 
obesity’ emerged, describing the condition with bone loss 
and the concurrent excess adiposity1. OSO was later defined 
by the concurrent incidence of three different conditions; 

Abstract

Objective: We investigated the coexistence of sarcopenia and obesity in older adults≥65 years diagnosed with 
osteoporosis and the association with Quality of Life (QoL). Methods: A Cross-sectional survey has been performed 
on a randomized sample of 50 diagnosed osteoporotic elderly people from both sexes (Men=16; Women=34). 
Measurements: Quantitative ultrasound was conducted to identify osteoporosis and defined with a T score ≤2.5. 
Validated anthropometric equations were used in order to estimate body fat percentage and skeletal muscle mass 
so as to detect the reallocation of body fat and lean muscle. 10m gait speed and hand grip strength was measured 
in order to diagnose sarcopenia according to European Society for Clinical Nutrition and Metabolism (ESPEN) 
algorithm. The evaluation of QoL was conducted using a QoL questionnaire specific to osteoporosis. The data were 
analyzed with descriptive statistics and a chi-square test was performed to examine if Osteosarcopenic Obesity 
(OSO) is sex related and the correlation between OSO and QoL. Results: From the 50 participants, 40%(n=19) 
were classified as people with OSO and 60%(n=31) without OSO. From n=19 people that experienced OSO women 
represent 20% (n=9) and men 18% (n=9); with the latter had a greater decline in muscle mass than women, 
while women had lower BMD than men according to the z score. OSO is not related with sex (p>.05) and there is 
no significant association between OSO and QoL (p> .05 for all the domains of QoL questionnaire). Conclusion: 
Osteoporosis in the elderly often coexists with reduced muscle mass and muscle strength as well as an increase in 
adiposity and was independently associated with QoL. People that experience OSO presenting lower functionality 
that increases the risk for falls and bone fractures originated from the decline in bone and muscle mass, and 
increased adiposity. Increased awareness of OSO may help develop efficient interventions and public health policies 
for healthier and more active elderly people.

Keywords: Sarcopenic obesity, Osteopenic obesity, Obesity, Frailty, Quality of life

The authors have no conflict of interest.

Corresponding author: Keramidaki Konstantia, Athanasiou 
Diakou 75, Thessaloniki, Greece

E-mail: keramidaki@hotmail.com

Edited by: Dawn Skelton

Accepted 29 October 2019

91JFSF | December 2019 | Vol. 4, No. 4 | 91-101doi: 10.22540/JFSF-04-091



JFSF92

K. Keramidaki et al. 

osteoporosis, sarcopenia and obesity1,3, and described by 
the concurrent coexistence of low bone mass (T-score ≤-2.5 
defining osteoporosis), low muscle mass, low muscle strength, 
and increase of adipose tissue1,3. These abnormalities in 
body composition are often met in elderly people as body 
composition is altered with age; people begin to lose around 
3% to 5% of muscle mass per decade after the 3rd decade of 
life4,5. Specifically, there are changes in the musculoskeletal 
system as aging commences, including a decrease in muscle 
and bone mass with a simultaneous increase in fat mass; this 
combination has a grave impact on the QoL6 and constitutes 
OSO a great clinical concern in older adults as it causes 
serious metabolic changes -including inflammation, insulin 
resistance, decrease production of anabolic hormones-and 
clinical implications related to the coexistence of the three 
conditions3. It appears that individuals who have all three 
conditions will present worse clinical outcomes as a result 
of the metabolic aberration related to the changes in the 
musculoskeletal system7,8. The prevalence of these diseases 
will grow and will burden healthcare and the public health 
cost11,12, as an upward trend of life expectancy has been 
reported in Western societies during the last century and the 
number of people over the age of 65 has been increasing9,10. 

Relationship between bone and fat 

There is the opinion that weight greater than the ideal 
is associated with better bone density and more strength 
as a result of ‘increasing mechanical loading13,14. As a 
matter of fact, body mass is assumed to be a respected 
predictor of bone mass for both sexes; the higher the body 
mass the lower the risk of osteoporotic vertebral and hip 
fractures15. On the other hand, increased weight is usually 
associated with obesity and higher levels of adiposity. New 
data suggests that there is a 33 percent body fat threshold 
where adiposity is not salutary anymore and starts having 
unpropitious effects since visceral fat produce multifarious 
adipokines and other molecules that could cause damage to 
the bone microenvironment16-18. Especially in obese older 
adults there is a high level (nearly 50%) of fat infiltration 
in muscles19,20, and in bone marrow adipocytes as a result 
of the augment expression of peroxisome proliferator-
activated receptor gamma (PPARγ) in the bone marrow, 
therefrom fostering adipogenesis of Mesenchymal stem 
cells whilst subdue osteogenesis. Moreover, marrow fat is 
believed to be a filler of the empty space occurred from the 
trabecular bone loss21. Both conditions can lead to a damage 
of muscle tissue and bone20,22. Furthermore, according to 
Liu and colleagues22, excess body fat in females (33-38%) 
has negative relationship with bone mineral density (BMD) 
on most of the skeletal system. In addition, adiposity over 
this threshold has been proved to be relevant to type 2 
diabetes, sleep apnea, osteoarthritis, heart disease, certain 
cancers, dyslipidemia, high blood pressure, stroke, and liver/
gallbladder disease23.

Sarcopenia

 According to the three consensus papers32 sarcopenia 
can be defined as ‘The presence of low skeletal muscle mass 
and either low muscle strength (e.g., handgrip) or low muscle 
performance (e.g., walking speed or muscle power); when 
all three conditions are present, severe sarcopenia may be 
diagnosed (European Working Group on Sarcopenia in Older 
People-first version)’ or ‘The presence of low skeletal muscle 
mass and low muscle strength (which they advised could be 
assessed by walking speed)’. The consensus group criteria 
utilize three established stages of sarcopenia classification; 
Presarcopenia is defined as having low Appendicular Lean 
Mass (ALM)/height2 only, sarcopenia was defined with low 
Appendicular Lean Mass/height2 (<5.67 kg/m2) and the 
presence of low gait speed (≤0.8 m/s) or low grip strength 
(<20 kg) and severe sarcopenia classification requires low 
ALM/height2, gait speed, and grip strength. Gait speed test 
is used to a large degree in clinical practice to measure a 
plethora of adverse health outcomes, such as mobility 
disability, frailty, general physical condition, falls, loss of 
independence and poor general health61-64. Bohannon and 
Andrews65 stated that “gait speed has been recommended 
as a ‘vital sign” for assessing health related risks in elderly. 
Older adults with osteoporosis have atrophy of type II 
muscle fibers and a reduction of the myosin content per 
half-sarcomere; this atrophy is proportional to the extent of 
BMD loss24,25. This hastens the loss of type II fast glycolytic 
muscle fibers considering that they become thinner and 
atrophic. Also, there is deregulation of the energy alteration 
from ATP into mechanical energy effectuating reduction 
in muscle tension36. The muscle loading and the ensuing 
tension helps in the maintenance of BMD; dysfunction upon 
this mechanism leads to lessening of BMD, with thinner and 
fragile bones24,25. Sarcopenia means loss of muscle mass 
and the word comes from the ancient Greek words ‘sarx’ and 
‘penia’ which means ‘flesh’ and ‘loss’; by this time the term 
has been originally used to describe the concern towards the 
phenomenon of age-related decline of muscle mass as well 
as muscle function and strength26. Muscle mass and muscle 
function have a critical role for mobility and autonomous 
living especially in elderly27. 

In sarcopenia there is a decrease in both muscle fiber 
number-motor units and muscle fiber size (atrophy) with the 
consequence in the diminution in the muscle efficiency to 
generate force; in everyday life this force is translated into 
lower muscle strength35. This decrease in muscle mass that 
entail both lower motor unit numbers and atrophy is what 
make sarcopenia unique and shows how different it is from 
disuse atrophy that entails only reduction in fiber size35. The 
major pathway that causes loss of muscle mass is the lack 
of equilibrium between anabolism and catabolism, with main 
responsible for this the protein loss and main intercessors an 
excess of endocrine and inflammatory factors. Muscle loss 
is not only age related but also is a consequence of muscle 
disuse, a state that can occur when a muscle is no longer 
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active; in elderly this may be an after effect of a mobility 
limitation35,36. This condition could lead to the slow recovery 
of the muscle fibers and eventually to reduced strength 
and physical frailty; as a result, there is a much greater risk 
regarding fall-related injuries36,37. Frailty is correlated with 
sarcopenia and is a biological syndrome, resulting from age 
and is associated with weight loss, low activity, weakness, 
exhaustion and slowness and may lead to falls, functional 
decline disability, hospitalization and death38,39. The risk 
of fall can be very critical in elderly people who suffer from 
osteoporosis and experience increased vulnerability to 
fractures, in particular in the spine, hip (femur), and wrist37,40.

Relationships between bone, muscle, and 
adipose tissue

The deregulation of major metabolic pathways caused 
by pro-inflammatory factors and endocrine imbalance can 
lead to the reallocation of fat in muscle tissue and bone mass 
(Figure 1). This condition, which comes as a consequence of 
ageing, can also determine obesity1,42,43. Sarcopenia comes 
along with fat infiltration in skeletal muscles known as 
myosteatosis. Resulting in a smaller number of contractile 
muscle fibers and a higher percentage of non-contractile 
tissue44,45. Myosteatosis occurs from various pathways; 
an instant way is via the accumulation of intramuscular 
lipid (inside muscle fibers). Intramuscular fat is associated 
with insulin resistance, inflammation and decline in skeletal 
muscle function which will cause decrease to force and muscle 
quality inducing immobilization20,45. Another way is the 
intermuscular fat (between muscle fibers); the accumulation 
of bone marrow adipocytes within skeletal muscle where 
a plethora of stem cells exists, and predominantly muscle 

satellite cells(SCs) which are the main cells responsible 
for myogenesis and muscle regeneration after muscle 
trauma20,46. In Sarcopenia there is a reduction in muscle SCs 
as a result of the muscle loss and the fat infiltration35,47. 

Osteosarcopenic obesity is an up to date topic with most 
of the surveys focusing on menopausal women. OSO is 
consisted of sarcopenic obesity and osteopenic obesity; it is 
not clear if both conditions could be equally traced in men and 
women from the age of 65 years or above. Therefore, one of 
the objectives of this research was the statistical difference 
between the two sexes in prevalence of osteosarcopenic 
obesity. Our concern was also to investigate whether 
reduced muscle mass and muscle strength coexists with the 
increase in adiposity, in older adults equal or over 65 years-
old with osteoporosis. In the recent years the term QoL 
has become benchmark, in a slew of research specialized 
in geriatrics. Nowadays the term is in vogue especially 
the relationship between QoL and OSO as the literature 
suggests that osteoporosis and sarcopenia have negative 
effect on QoL. European population experience an ageing 
process as an effect of increased life expectancy that never 
seen before. Ageing is inseparable with NCDs and diseases 
of the musculoskeletal system69, diseases that induce 
deterioration of the QoL in elderly population. Under this 
context, a significant pillar of research is the investigation of 
the QoL people with OSO may experience and the limitations 
they may encounter in everyday life.

Materials and Methods

Participants

A cross-sectional study was performed assessing 34 
women and 16 men equal or over 65 years old from the 

Figure 1. Interaction between adipose tissue, muscle and bone.
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patient support group ‘Butterfly’ between February 2018- 
May 2018; this club is for elderly people who suffer from 
osteoporosis. Advertisements were posted in several 
community Centers for the Open Care for the Elderly where 
osteoporosis preventive days has taken place from the 
“Butterfly” patient support group; the sample were collecting 
using random sampling in the elderly where Quantitative 
Ultrasound were performed and with a T score <-1. All 
procedures have been approved by the Human Research 
Ethics Committee of Queen Margaret University (QMU Code 
of Good Practice in Research- approved 2 May 2018). 
People entitled to participate should meet the following 
criteria: a) aged over 65-years old and b) are diagnosed 
with osteoporosis (osteoporosis must be diagnosed by 
a physician). Excluding criteria have been: a) if people 
were then or earlier under cancer treatment or under any 
treatment that may cause osteoporosis and b) people with 
kidney failure and with GFR< 60c.

Diagnosis of sarcopenia

Clinicians use hand grip strength and walking speed over 
a short distance in order to estimate muscle strength and 
physical performance51,52 which are interwoven with ESPEN32 
algorithm (first version guidelines) to diagnose sarcopenia 
based on loss of muscle mass and strength (Hand grip) and/
or function (gait speed)57. The cut-offs for gait-speed were 
<0.8 m/s and for strength suggested cut-off points were <20 
kg for women and <30 kg for men. 

Anthropometric Measurements

In order to detect the reallocation of body fat and lean muscle, 
upper-arm anthropometry was used as it is a recognized 
technique in clinical diagnosis and disease prevalence48-50. 
Anthropometric measurements, height, weight, Body Mass 
Index (BMI), Mid Upper Arm Circumference (MUAC), and 
Triceps Skin Fold (TSF) have been measured with standard 
procedures53. Additionally, waist and hip, circumference were 
measured as well and Waist to hip ratio was calculated. Hip 
and waist circumferences were measured to the nearest 
millimeter with a flexible no elastic measuring tape53 (Seca 
201). TSF was measured (to the nearest 0,1 mm) at the 
upper arm midpoint mark on the posterior surface of the right 
upper arm with Harpenden Skinfold Caliper53. Furthermore, 
Mid-arm muscle area (MAMA) has been calculated as 
follows: MAMA(cm2)=[MUAC-3,14(TSF)]2/4*3,14. Because 
of the overestimation of MAMA we calculate corrected 
MAMA (cMAMA) as follow for men and women respectively: 
[(MUAC-3,14(TSF))2/4*3,14] -10 and [(MUAC-
3,14(TSF))2/4*3,14] -6,5 82,83. Body fat (BF) percentage 
was calculated from Lean and colleagues56 equation: 
BF%(male)=0,353 *waist+0,756*TSF+0,235*age-5,5 and 
BF%(female)=0,232*waist+ 0,657*TSF+ 0,215*age -9,4. 
This equation is the most accurate prediction with the least bias 
that can detect fat mass reallocation56. Additionally, muscle 
mass was calculated as follow: Muscle Mass (kg)=(Height 

in cm2) * (0,0264+0,0029*cMAMA)54. The appendicular 
skeletal muscle mass cut off points to identify sarcopenia 
according to European Working Group on Sarcopenia in Older 
people (EWGSOP)57 for men and women respectively are 
9,2 kg/m2 and 7,4 kg/m2; to this end we convert Height in 
cm to Height in m2 and we calculate Height adjusted Muscle 
mass as follow: Muscle mass/height in m2. Weight and height 
were measured using a Digital column scale with height rode 
(Tanita, WB-800H). Both measurements were carried out 
with standard procedure53. All anthropometric measurements 
were performed three times in standardized way by the same 
investigator, a trained registered dietitian.

Hand Grip Strength 

Muscle strength and muscle mass were assessed with 
Baseline Pneumatic Bulb Hand Dynamometer. Hand Grip 
Strength (HGS) is a fast, reliable and simple measurement and 
it is considered to be an important index for the diagnosis of 
sarcopenia since low HGS is a clinical marker of poor mobility 
and low muscle mass59,60. The position that participants had 
as they performed the hand grip was in accordance with 
several papers; participants were at standing posture, using 
only the dominant hand with an angle of 90 degree at elbow 
joint and 180 degrees at shoulder joint, additionally the wrist 
and trunk were at neutral positions Participants conducted 
HGS three times (with 30 s rest between them) and the best 
of these three attempts has been recorded.

Gait speed 

In the present study a 10-meter unobstructed and flat 
ground was used to perform gait speed test. Two end lines 
were taped in the ground; one in the beginning and one in 
the end of the 10m. Participants were asked to walk at a 
self-selected pace and a stopwatch (MARATHON Adanac 
3000 Digital Stopwatch Timer) was used to record the time. 
Participants repeated the test twice with the average of the 
two trials used for grading purposes; the variance between 
the two efforts were between 1 and 4 tenths of a second. 

Heel ultrasound

We assessed BMD and bone stiffness by measuring 
stiffness index in the calcaneus bone with an ultrasound device 
(Achilles InSight™ bone ultrasonometer, GE Healthcare), 
grounded on quantitative ultrasound technique. Cut off points 
for osteopenia defined as -1<T score<-2,5 and osteoporosis 
T score>-2,5. Heel ultrasound is a bone health assessment 
technique which is widely acceptable for estimating the bone 
health status both in men and women66-68. 

Quality of Life

In order to assess the health-related quality of life 
outcome in the participants the QoL questionnaire of the 
European Foundation for Osteoporosis -41 (QUALEFFO-41) 
was used as it is the most often used questionnaire in people 
with osteoporosis and vertebral fractures70. QUALEFFO-41 
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is translated in Greek by official interpreters71, consists of 
41 questions and comprises of five domains: pain, physical 
function, social function, general health perception, and 
mental function72.

Data analysis

Quantitative analysis was used to process the experimental 
data. The data were encoded, and subsequently statistical 
processing and analyses of the results were conducted with 
IBM SPSS statistics version 22.0 (IBM Co., Armonk, NY, USA). 
All the quantitative parameters were expressed as means 
+/- SD, unless otherwise stated. All variables were tested 
using the Kolmogorov-Smirnov test for normality; when the 
distribution was not normal the record was transformed. 
Variables from gait speed, hand grip strength, Z-score 
and muscle mass measurements were compared between 
people with OSO and people without OSO using analysis of 
Variance (ANOVA) controlled for age, followed by Bonferroni 
corrections. Qualitative parameters (qualeffo-41 scores) were 
expressed in a Box plot as medians and inter-quartile range. 
To determine the percentage of people who experience OSO 
we used descriptive statistics while to examine the frequency 
of men and women that experience OSO we performed a chi-
square test. To assess the correlation of OSO with functional 
deficits, leading to lower QoL, we performed chi squares 
for various parameters that were evaluated through the 
questionnaires. The significance threshold set at p< .05. 

Results

Prevalence of OSO

The research included a total of n=50 osteoporotic/
osteopenic older adults of both sexes; women n=34 and 

men n=16. Table 1 depicts the descriptive characteristics of 
subjects inclusively age, anthropometrics, body composition 
estimations, bone density as defined by participants, Z score 
and physical performance parameters (gait speed and hand 
grip strength). Statistically significant differences were 
observed between sexes and triceps skinfold, Waist to Hip 
Ratio (WHR), body fat percentage and hand grip strength 
(p<.05). Regarding physical performance parameters, males 
had a better score in hand grip strength while gait speed and 
z score had no significant difference. 

The prevalence of OSO in the 50 osteoporotic/osteopenic 
participants, where almost 40% (n=19) have experienced 
OSO and just above 60% (n=31) have not experienced 
OSO. Almost the half of the participants (n=24) that have 
not experienced OSO accounts for women and a 14% (n=7) 
accounts for men; regarding the 19 people (38%) that 
experienced OSO women represent 20% (n=10) and men 
18% (n=9).

Based on the results of Chi-square test (Figure 2) we can 
state that there was not a significant association between sex 
and prevalence of OSO (Χ2(1)=3,326, p>.05). The clustered 
bar chart from the Crosstabs procedure emphasizes that 
there are not differences within the two sexes groups. Almost 
the same number of men and women have experienced OSO, 
with n=9 and n=10 respectively. 

Furthermore, there were not significant differences in the 
QoL total score from QUALEFFO-41 between the 2 groups 
(Figure 3). P value (0,878) is greater than the significance 
level we set α=0.05 and we accept the null hypothesis that 
there was not a significant association between quality of life 
and people with OSO or without OSO (Χ2(2)=0,261, p>.05).

Variables
Women (n=34)  Men (n=16)

Minimum Maximum Mean±SD Minimum Maximumx Mean±SD

Age (yrs) 65,00 83,00 72,50±5,15 65,00 81,00 73,25±5,13

Mid Upper Arm 
Circumference (cm)

23 49 32,34±4,6 26 37 3,79±3,79

Tricep_Skinfold(mm) 14,00 54,00 23,47±7,17 7,00 32,00 16,56±5,60

Waist to Hip Ratio ,09 ,99 ,83± ,144 ,81 1,09 ,94± ,082

Corrected Mid Arm Muscle 
Area(mm)

16,60 75,20 43,76±11,92 25,00 65,50 42,99±12.83

Body Fat % 37 74 47,64±6,75 25 58 39,01±8,29

Muscle_Mass (kg) 4,70 16,52 9,78±2,40 5,87 13,43 8,87±2,27

Hand_Grip Strenght (bar) ,15 ,50 ,28± ,08 ,22 ,65 ,36± ,14

Gait_Speed (m/s) 7,00 16,00 10,09±2,74 6,30 13,50 10,34±2,42

Heel_Ultrasound Bone 
Mineral Densi-ty (T Score)

-4,20 -1,00 -2,70± ,79 -4,00 -1,30 -2,59± ,69

Table 1. Descriptive characteristics of 50 osteoporotic/osteopenic older adults.
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Discussion

The objective of the present study was to identify 
the coexistence of obesity and sarcopenia in a generally 
healthy osteoporotic/osteopenic population of older adults 
aged ≥65 years from both sexes, and then to evaluate 
the correlation between people with OSO and the quality 
of life. There is a plethora of compounds and cut-off 

points in use for the identification of OSO as there are not 

standardized diagnostic criteria73. Ilich and colleagues74 have 

recommended a combination of the diagnostic criteria used 

for the definition of osteoporosis, sarcopenia and obesity 

so as to define OSO. In this study, we didn’t define obesity 

using BMI, as it is an inadequate marker to identify adiposity 

in elderly and cannot detect fat infiltration into bones and 

Figure 2. Chi-square clustered bar chart. Differences within the males and females’ group.

Figure 3. The total score in Quality of Life and the association with OSO.
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muscles75-78. Dufour and colleagues79 suggested the cutoff 
point of total body fat for obesity to be >30% for males and 
>40% for females. Recent findings point out a threshold of 
fat mass between 33-38% at which BMD for most skeletal 
sites starts to decline, however the findings were only for 
overweight and obese women74. The most recent cutoffs 
from the American Society of Bariatric Physicians board80; 
were utilized to classify obesity they recommend cutoffs of 
25% and 30% of total body fat measured by dual-energy 
X-ray absorptiometry for males and females respectively. 
Ilich and colleagues81 use the cutoff ≥35 % of total body fat 
measured by DXA; on the grounds that in this study we use 
validated equation to estimate body fat percentage with a 
small error in comparison with DXA57 the ASBP cutoffs was 
used to avoid underestimating the BF percentage which 
originates from this error. In the present study all of our 
participants (n=50) were obese; however, the result would 
be the same in both cases of cutoff points (ASBP cutoffs or 
≥35%). For the diagnosis of osteoporosis/osteopenia we 
used the World Health Organization82 diagnostic criteria 
based on BMD measurement where osteopenia defined as 
-1<T score<-2,5 and osteoporosis T score>-2,5. Touching 
the definition of sarcopenia we follow the first version of 
ESPEN53 algorithm and we used the muscle mass cut off 
points according to European Working Group on Sarcopenia 
in Older people (EWGSOP)58.

This study was based in validated anthropometric 
predictive equations for estimating body composition. 
Anthropometric method has been a non-invasive, valid, 
precise, harmless, and inexpensive alternative to measure 
body composition in clinical practice and research83-85. 
Kanellakis & Manios84 executed the validation of five 
anthropometric models in Greek postmenopausal 
women, one of which we used in our research with the 
advantages and disadvantages that an equation may have. 
Furthermore, Pereira and colleagues86 suggested the use 
of a combination with anthropometric models and valid 
equations to assess muscle mass and body fat percentage 
in elderly as a strategy to identify people with sarcopenic 
obesity, caused by fat infiltration.

Vital part for the identification of sarcopenia is not only 
the measuring of body composition and skeletal muscle 
mass, but the measurement of physical performance 
and strength87, which used in the suggested algorithm 
for sarcopenia case finding in older individuals53. In this 
algorithm the suggested cut-off points for hand grip strength 
are <20 kg for women and <30 kg for men when measured 
with Jamar dynamometer. In this research, we did not 
employ Jamar hand dynamometer (Lafayette Instrument 
Company, USA) which is accepted as the golden standard to 
measure hand grip strength. Moreover, it is the most used 
and cited dynamometer in the literature. However, we have 
used Dynatest Riester Pneumatic Bulb Hand Dynamometer 
while some studies used it to measure hand grip strength in 
elderly89. No cutoff points were published for this specific 

dynamometer; for the needs of our research we choose 
cut off points as follows: quartiles of grip strength were 
calculated on our sample and we set as cut off point the 
median of the first quartile separated for each sex which 
corresponded to a cut-off point of 0,21 bars and 0,25 
bars for females and males respectively. The cutoffs we set 
conform to González and colleagues89 cut-off point using 
the same dynamometer. 

In the present study women had higher percentage of 
body fat and muscle mass than men since women had greater 
MUAC than men and this affected the predictive equations we 
used. The results are in accordance to the other findings of 
our study that men have a greater percentage of sarcopenia 
(56,25%) than women (29,4%). Epidemiological studies 
have been conflicting regarding the prevalence of sarcopenia 
between the two sexes11,90,91. Recently Tay and colleagues92 
(p. 121) stated that “data from the Framingham Heart Study 
had suggested that longitudinal decline in fat-free mass 
was consequent to a withdrawal of anabolic stimuli in men 
but reflecting an increase in catabolic stimuli represented 
by interleukin-6 (IL-6) in women” which explain our results 
for the lower muscle mass in males as they have lower 
percentage of body fat which leads on faster rate of muscle 
loss. Regarding the physical performance parameters, men 
had better hand grip strength (0,36 bars) than women (0,28 
bars) but the gait speed time was almost the same for both 
sexes. Several studies62,93,94 claim that regardless of age, 
men have better hand grip strength and muscle strength than 
women while gait speed (physical activity) is not related to 
sex95. It is well established that prevalence of osteoporosis is 
higher in women than in men96, in our study women had lower 
BMD than men according to the z score results from heel 
ultrasound. Alswat97 states that osteoporosis can affect both 
sexes but at different rates and at different ages; there is a 
rapid increase of osteoporosis in women after the 6th decade 
of life while in men this considerable change takes place after 
the age of 7th decade. Furthermore, women tend to have four 
times further up rates in osteoporosis than men97.

We evaluated quality of life with the questionnaire 
QUALEFFO-41 and we separated the results into three 
categories: high, medium and low quality of life. This 
questionnaire is validated to evaluate the quality of life in 
osteoporotic/osteopenic people. Even though no association 
has been observed between the total score of quality of life 
and people with OSO, the mean score in some domains of 
QUALEFFO-41 was lower in people experience OSO but 
no statistically significant difference was found between 
domains of QUALEFFO-41 and people with OSO. The results 
were in contrary to the literature- probably the questionnaire 
was not suitable and the sample size was small to reflect the 
differences in QoL between the two groups- as OSO affecting 
quality of life and is related with mobility limitations, 
increased risk of falls, NCDs and mortality3,18,73. When we 
compare each domain of the questionnaire between people 
with OSO and without OSO it was observed that in some 
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cases people who experience OSO had better quality of life 
in this specific domain. Although there are published studies 
evaluating QoL and osteoporosis or QoL and sarcopenia, no 
studies have been found regarding quality of life evaluation 
with questionnaire in OSO people to compare our findings. 
Silva Neto and colleagues98 investigated the relationship 
between sarcopenic obesity, sarcopenia and QoL in elderly 
women using SF-36 questionnaire. No association was 
found between sarcopenia, sarcopenic obesity and QoL. 
Studies that have used general questionnaires to evaluate 
QoL in sarcopenic individuals showing no difference in quality 
of life between sarcopenic and non-sarcopenic people99. 
QUALEFFO-41 is a validated questionnaire for osteoporotic 
people with vertebral deformities72 and probably the 
questions are not adequate for people who suffer from OSO 
even though osteoporosis exists, but without investigate if 
the participants address any vertebral deformities. It is more 
likely that none of the other validated QoL questionnaires 
would be proper to assess QoL in our participants. As Silva 
Neto and colleagues98 (p. 365) state “….the general concept 
of QoL is broad and subjective, involving the individual’s 
perception of life as well as his expectations and concerns” 
and does not involve functioning and kinetic findings after 
medical assessment”. Beaudart and colleagues99 claim 
that it is important to use specific questionnaire proper to 
sarcopenia in order to evaluate the QoL and people who 
suffer from sarcopenia. Probably, to evaluate the QoL and 
individuals with OSO is important to develop questionnaire 
that contains a blend of questions suitable both for 
osteoporosis and sarcopenia.

Osteoporosis, Sarcopenia and obesity are three metabolic 
diseases which share the same pathophysiological paths3, 
the term OSO is the combination of these three conditions18 
and according to several papers postmenopausal women 
have more chances to develop OSO due to their estrogen 
depletion73. Although there is a wealth of studies for the 
prevalence of sarcopenic obesity with participants from 
both sexes, there are not published studies regarding the 
prevalence of OSO including both sexes; all the studies thus 
far have been focusing only on women participants. This is 
mainly due to the fact that osteoporosis is characterizing OSO 
and is considered to be a skeletal disease of postmenopausal 
women12; on the other hand, osteoporosis in males is rarely 
diagnosed through BMD screening and when it is diagnosed 
is after a fracture100, which is also the main reason for our 
small male sample. No association was found in this study 
between gender and prevalence of OSO, apparently OSO 
exists in both sexes and it is not a postmenopausal women 
syndrome as it is mistakenly believed. 

The present research had some limitations. Since this 
was a cross-sectional study it did not allow us to define 
causal-effect relationship and also the sample size was 
small. Another limitation has been the use of anthropometric 
equations to assess body composition; DXA and BIA are the 
most often used methods to assess wholebody fat or muscle 

mass. Moreover, a third limitation was the use of QUS to 
determine z-score which presents a drawback owing to the 
anthropometric parameters and the soft tissue thickness 
and temperature which may lead to a no so precise result 
as DXA. Regardless of the DXA limitations it is still the gold 
standard to define osteoporosis and also can be readily 
used in routine clinical practice to assess body composition; 
in studies like this where z-score, muscle mass and body 
fat percentage are vital parameters of the research it is 
crucial to evaluate them with the more precise method. 
One additional limitation has been the use of the Pneumatic 
Bulb Hand Dynamometer instead of the Jamar hand grip 
dynamometer. There are not any published cut offs for 
dynamometers that use psi as measurement unit of strength 
and beyond that the published cutoffs to identify sarcopenia 
from ESPEN use kg as the measurement unit of strength. As 
a limitation can be account also the unbalanced sample size 
regarding the sex. The last limitation has been the application 
of QUALEFFO-41 to assess the QoL in OSO people. More 
appropriate questionnaires in OSO condition are deemed 
necessary in order to evaluate the QoL of these people. 

Future research should confirm these results by 
considering participants (men and women) from all over the 
country in order to achieve a more concrete image about the 
prevalence of OSO. Additionally, more accurate measures 
(DXA) should be used for total body composition alongside 
a hand grip dynamometer that measures strength in kg so 
as to be more precise with the publisher cutoffs both in hand 
grip strength and body composition (body fat and muscle 
mass). Furthermore, future studies that evaluate the QoL 
and OSO should contain a more suitable and pitched to this 
condition questionnaire. 

Conclusions

Despite the differences between existing studies, 
regarding the diagnostic tools used to measure total body 
composition and BMD as well as cutoffs, this cross-sectional 
study can be used as a pilot study for further research 
since it appears that there is a remarkable percentage with 
people that experience OSO regardless of sex. OSO as a 
consequence of sarcopenic obesity and osteoporosis has 
great impact in health and in clinical implication, reducing the 
expectancy of life and the QoL. To detect this multifactorial 
condition a multifarious approach with precise diagnostic 
methods is deemed necessary. In literature the knowledge 
on OSO’s etiology, prevalence, and consequences is very 
limited and future research is needed to understand better 
the pathophysiology of these conditions. 
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