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Abstract
Summary We determined the prevalence of osteosarcopenic
obesity (loss of bone and muscle coexistent with increased
adiposity) in overweight/obese postmenopausal women and
compared their functionality to obese-only women. Results
showed that osteosarcopenic obese women were
outperformed by obese-only women in handgrip strength
and walking/balance abilities indicating their higher risk for
mobility impairments.
Introduction Osteosarcopenic obesity (OSO) is a recently de-
fined triad of osteopenia/osteoporosis, sarcopenia, and adipos-
ity. We identified womenwith OSO in overweight/obese post-
menopausal women and evaluated their functionality compar-
ing them with obese-only (OB) women. Additionally, women
with osteopenic/osteoporotic obesity (OO), but no sarcopenia,
and those with sarcopenic obesity (SO), but no osteopenia/
osteoporosis, were identified and compared. We hypothesized
that OSO women will have the lowest scores for each of the
functionality measures.
Methods Participants (n=258; % body fat ≥35) were assessed
using a Lunar iDXA instrument for bone and body composi-
tion. Sarcopenia was determined from negative residuals of
linear regression modeled on appendicular lean mass, height,

and body fat, using 20th percentile as a cutoff. Participants
with T-scores of L1–L4 vertebrae and/or total femur <−1, but
without sarcopenia, were identified as OO (n=99) and those
with normal T-scores, but with sarcopenia, as SO (n=28).
OSO (n=32) included women with both osteopenia/
osteoporosis and sarcopenia, while those with normal bone
and no sarcopenia were classified as OB (n=99). Functional-
ity measures such as handgrip strength, normal/brisk walking
speed, and right/left leg stance were evaluated and compared
among groups.
Results Womenwith OSO presented with the lowest handgrip
scores, slowest normal and brisk walking speed, and shortest
time for each leg stance, but these results were statistically
significantly different only from the OB group.
Conclusion These findings indicate a poorer functionality in
women presenting with OSO, particularly compared to OB
women, increasing the risk for bone fractures and immobility
from the combined decline in bone and muscle mass, and
increased fat mass.

Keywords Handgrip strength . One leg stance . Osteopenic/
osteoporotic obesity . Osteosarcopenic obesity . Sarcopenic
obesity .Walking speed

Introduction

Recently, a condition termed osteosarcopenic obesity (OSO)
was identified in postmenopausal women and characterized
by the simultaneous presence of osteopenia/osteoporosis
(low bone mineral density), sarcopenia/dynapenia (decreased
muscle mass and strength), and increased adiposity [1, 2]. The
individuals with this condition experience both reduced bone
and muscle mass and a high percentage of body fat, the latter
either presented as infiltrated fat in bone and muscle tissue or
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overt clinical obesity (e.g., body mass index higher that 30 kg/
m2 or body fat higher than 30%). This indicates that increased
adiposity does not necessarily protect against osteopenia/
osteoporosis and subsequent fracture risk. In addition, reduced
strength and mobility due to sarcopenia increases the risk of
falls and fractures [3].

Currently, one in three American women over the age of 50
experiences a bone fracture [4], a major cause of morbidity
and mortality, leading to loss of independence [5]. Osteopo-
rosis, or low bone mineral density (BMD), is not adequate to
fully explain the exponential increase in bone fractures that
occur with aging. With this in mind, tools such as FRAX and
Garvan have been developed to evaluate clinical markers be-
yond BMD and have improved fracture risk prediction. How-
ever, these methods also have their limitations and, in some
cases, they are no better than older models based on age and
BMD [6, 7]. The FRAX risk calculator contains more vari-
ables, including body weight and height and known risk fac-
tors for fracture (e.g., smoking) as well as family history,
whereas the Garvan calculator utilizes only age, gender, pre-
vious fracture, femoral neck BMD, and falls in the last
12 months. Neither risk calculator considers other tissues in-
volved in locomotion and postural stability and particularly
not the amount of body fat or fat infiltration. Furthermore,
individuals experiencing obesity and low BMD concurrently,
in a condition termed osteopenic obesity (OO), are often
overlooked in clinical settings based on the belief that obesity
is protective against fractures [1]. Obese individuals also often
lack adequate muscle mass and strength [8], presenting with
sarcopenic obesity (SO), which increases the risk for immo-
bility and falls, a relevant issue when assessing fracture risk
[9]. Therefore, including the health status of bone and muscle
and the level of fat mass could be important in future risk
assessment. This makes the triad of deteriorated bone, reduced
musclemass, and increased adipose tissue, collectively termed
as OSO, relevant when assessing patients for fracture risk and
other morbidity conditions [1].

We propose that physical performance measurements, or
functionality, in a clinical setting could potentially be utilized
as a means to screen individuals with OSO, as all three tissues
are involved in function. We previously employed some tests
of physical performance that included handgrip strength,
normal/brisk walking, and one leg stance time to evaluate their
relationship with bone and body composition parameters in
postmenopausal women [10–12]. Handgrip strength is a pow-
erful predictor of functional abilities in older adults, and its
decline is associated with increased risk of falls and disability
[13, 14] as well as lower BMD [10, 12]. Handgrip strength is
also positively correlated with total lean mass but negatively
correlated with increased body fat [10]. In the epidemiological
studies, walking (gait) speed and balance are considered Bvital
signs^ in older adults. Their decrease is viewed as a compel-
ling predictor of functional decline and risk for the

development of frailty [15]. A higher amount of fat, particu-
larly in the lower extremities, predicts slower walking speeds
for both normal and brisk walking, whereas higher lean mass
predicts faster walking speeds and balance [10]. Furthermore,
BMD, particularly of the femoral neck, is positively correlated
with normal and brisk gait speeds [12]. Taken together, these
relatively simple tasks appear to identify older adults at risk
for falls, frailty, and balance deficits and may indicate a de-
cline in the entire locomotion system. These simple assess-
ments could be an initial and relatively easy means to identify
individuals who require further bone and body composition
referrals and assessments.

Although there is a particular risk associated with each
individual condition (osteopenia/osteoporosis, sarcopenia,
and obesity), functional decline may be more aggravated in
osteosarcopenic obesity, where there is the simultaneous pres-
ence of sarcopenia, osteopenia, and obesity.

The purpose of this study was to (a) identify cohorts of
women with osteosarcopenic obesity, osteopenic/
osteoporotic obesity, and sarcopenic obesity from a popula-
tion of overweight and obese, white postmenopausal women
and (b) evaluate measures of physical performance in all three
groups and compare the results to obese-only (OB) women.
We hypothesized that women with OSO will present with the
lowest values for physical performance measures, including
handgrip strength and measures of gait and balance, which
might put them at increased risk for falls, fractures, and other
morbidity conditions.

Methods

Participants

The participants were selected from over 300 Caucasian post-
menopausal women recruited via newspaper and senior center
advertisements and enrolled in two longitudinal clinical trials.
Because of the enrollment criteria of the original two studies,
all women had to be relatively healthy, free from chronic dis-
eases such as hypertension, thyroid and/or kidney disease,
cancer, diabetes, or severe osteoporosis (T-scores for spine
and/or hip lower than −2.5 with the presence of previous/
current fractures). In the original studies, women were exclud-
ed if they were on hormone replacement therapy or any other
medications known to affect bone, body composition, or the
endocrine system, 3 months prior to enrolling in the study, or
were smoking more than one pack of cigarettes/day and con-
suming more than one alcoholic drink/day. For this study,
baseline data from a total of n=258 women who were over-
weight or obese (>35 % body fat) were evaluated. Each par-
ticipant signed the informed consent, and the protocol was
approved by the institutional review board.
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Anthropometry and bone densitometry

Standing stature and body weight were measured using a wall
stadiometer (Medart, St. Louis, MO, USA) and an electronic
platform balance (Seca, Hanover, Maryland) by standard pro-
tocols. Body composition of soft (lean and fat) tissue and
BMD were measured by dual energy X-ray absorptiometry
(DXA) using a Lunar iDXA instrument (GE Medical Sys-
tems, Madison, WI, USA), as described previously [10, 12].
Briefly, participants were measured for areal BMD (g/cm2) of
total body as well as for the anterior-posterior spine (L1–L4)
and femur (neck and total), utilizing separate software for the
latter regions of interest. For body composition analysis, the
total fat (kg and %), total lean mass (kg), and arm and leg lean
mass (kg) were derived from the total body scan. Each
computer-derived scan analysis was checked immediately
and manually corrected when the automated lines were not
properly positioned. The quality analysis for the densitometer
was conducted on a daily basis using a standard aluminum
spine block (phantom) provided by the manufacturer. Mea-
surements of the phantom were within the manufacturer’s tol-
erance, with a coefficient variation of less than 0.5 %.

Classification of the participants

A total of n=258 participants having ≥35 % body fat as
assessed using an iDXA instrument were included for further
classification into each of four groups. The criterion previous-
ly used by Baumgartner et al. [16] compares appendicular lean

mass (ALM) with height squared. However, this definition
often underestimates sarcopenia in the overweight/obese [8,
17, 18]. Therefore, we used the method developed by New-
man et al. which adjusts ALM for both height (m) and fat mass
(kg) using a linear regression model [8]. Residuals from the
linear regression were then used to identify those individuals
whose ALM (obtained from iDXA) was higher or lower than
the predicted values for their height and fat mass. Thus, neg-
ative residuals (values below the predicted value) indicate a
sarcopenic state and positive residuals a more muscular state.
The 20th percentile of the residual distribution was used as the
cutoff point for sarcopenic obesity, with the following equa-
tion: ALM=−17.4+18.3×height (m)+0.16×body fat (kg),
and a residual cutoff value of −1.43. This analysis revealed a
significant relationship (p<0.0001) between sarcopenia and
fat mass, based on which 60 women (n=60) were identified
as having sarcopenic obesity. Low BMD was defined as hav-
ing T-scores lower than −1 SD from the reference population
mean. Of the 60 sarcopenic obese women, 32 (n=32)
were identified as having L1–L4 and/or total femur T-
scores below −1, classifying them into the OSO group.
The remaining 28 (n=28) with normal T-scores were clas-
sified into the SO group. The women without SO, but
with lower than −1 T-scores for L1–L4 and/or total femur,
were classified into the OO group (n=99). Finally, the
obese women with normal T-scores and without
sarcopenia were classified in the OB group (n=99).
Figure 1 presents the flowchart for the classification of
subjects into each of the groups.

Fig. 1 Flowchart showing the
steps in identification, allocation,
and classification of participants
into each of the categories:
osteosarcopenic obese (OSO),
sarcopenic obese (SO),
osteopenic/osteoporotic obese
(OO), and obese only (OB) in a
population of overweight/obese
postmenopausal women
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Physical performance measures

The measures of physical performance that participants com-
pleted for this study included handgrip strength, normal and
brisk walking speeds and the number of steps for each, and left
and right leg stance, as described previously [10, 12]. Briefly,
handgrip strength was measured using a Lafayette instrument
hand dynamometer (Lafayette, Indiana). With the arm extend-
ed at a 45° angle, the participant squeezed the handgrip with
full force while exhaling. This test was repeated three times on
each side. The highest strength was selected for each hand,
and the values of both hands were added together and are
presented. Normal and brisk walking speeds and the number
of steps for each were tested in an 8-m-long hallway and were
repeated twice with the average time and number of steps
recorded and presented. Briefly, each woman started from a
standing position behind the line and continued walking for
several steps beyond the 8-m end line. For normal gait speed,
women were told to walk from a marked starting line to an 8-
m ending mark as if they were walking down a hallway in
their own home. For brisk gait speed, women were asked to
walk as quickly as possible without actually running. Time
was measured in seconds with a stopwatch and rounded to
the nearest hundredth of a second. Step numbering started
with first heel strike counted and ended when footfall touched
or crossed over the 8-m line. The left and right leg stance time
was measured by asking each participant to stand on one leg
for up to 30 s with the other limb elevated. The time was
measured with a stopwatch starting when a participant was
in the correct position and ending when any body part touched
a supporting surface [10, 12].

Dietary and physical activity assessment

The participants’ dietary intake was assessed by 3-day dietary
records (two weekdays and one weekend day) as well as by
recording multivitamin/mineral supplement consumption. Di-
etary records were analyzed using Food Processor, software
version 10.1.0 (ESHA Research, Salem, OR, USA). All nu-
trient and energy intakes were estimated using the software,
but only energy, protein, calcium, and vitamin D intakes were
used in this study. The amounts from supplements (namely
those for calcium and vitamin D) were added to the amount
from food and reported as the total intake. Physical activity
was assessed using the Allied Dunbar National Fitness Survey
for older adults that assesses activities such as heavy house-
work, gardening, step climbing, and recreational/sport activi-
ties, as described previously [19]. Data collected included fre-
quency and duration of each activity and were reported as
hours per week on the basis of the previous 4 weeks. Activity
scores were created by summing hours per week engaged in
each of the activities as well as the sum of all activities. The
total activity score was used in the analyses.

Serum 25-hydroxy vitamin D

Serum 25-hydroxy vitamin D (25(OH)D) concentration was
measured from the fasting blood sample by a competitive
enzyme-linked immunosorbent assay (ELISA; Alpco Diag-
nostics, Salem, NH, USA). The intra-assay precision (% co-
efficient variation) was 5.3–6.7 % based on 10 runs, and the
inter-assay precision was 4.6–8.7 % based on 11 runs.

Statistical analysis

Descriptive statistics and independent t tests were conducted
to provide population characteristics and compare means. Da-
ta were expressed as mean±SD, unless otherwise stated. All
variables were tested using the Kolmogorov-Smirnov test for
normality and log transformed when the distribution was not
normal. Unequal variance t tests were utilized when Levene’s
test of homogeneity of variance was considered significant;
these tests have been shown to contribute the least to type I
and II errors. Variables from physical performance measure-
ments were compared between OSO, OO, SO, and OB wom-
en using analysis of covariance (ANCOVA) controlled for age
and BMI, followed by Bonferroni corrections. All statistical
tests were conducted using SPSS version 21.0 for Windows,
SAS (version 9.3, 2013; SAS Institute Inc., Cary, NC, USA)
and JMP (version 10, 2012; SAS Institute Inc., Cary, NC,
USA). For all analyses, a p<0.05 was considered statistically
significant.

Results

The study included a total of n=258 obese (% body fat ≥35),
white postmenopausal women with age of 61.6±7.4 years and
BMI of 29.1±4.5 kg/m2. Table 1 shows the descriptive char-
acteristics of subjects, including anthropometrics, bone and
body composition values, dietary and physical activity param-
eters, and serum vitamin D.Weight and BMI were significant-
ly lower in the OSO and OO groups, so the subsequent anal-
yses of physical performance measures were controlled for
BMI and age.

Total and appendicular lean mass was significantly lower
in both the OSO and SO groups, compared to OO and OB
groups, confirming our classification of women with and
without sarcopenia. Although only the women with ≥35 %
of body fat were evaluated in this study, the OO group had
the lowest % body fat (42.7 %), which was significantly lower
than either the OSO or SO group, but not the OB group.
However, total body fat (kg) was significantly higher in the
SO and OB groups. The BMD of the total body, femur, and
spine and the T-scores of both the femur and spine differed
significantly between OSO and OO groups compared to SO
and OB groups, with the OSO and OO women having lower
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values for all, again confirming the correct classification of
participants. Regarding dietary intake, protein and calcium
intake was not statistically significant among groups; howev-
er, in the SO group, daily protein intake (per kg/body weight)
had the lowest value and was significantly different from other
groups. The habitual activity level was not significantly dif-
ferent among the groups and neither was serum 25(OH)D,
although dietary vitamin D was significantly lower in the
SO group compared to other groups. Mean serum 25(OH)D
values were in an adequate range with respect to bone and
overall health requirements in all groups, as per the Institute
of Medicine classification [20] (Table 1).

Among the physical performance measures (controlled for
BMI and age), the handgrip strength, normal and brisk walk-
ing speed, and each leg stance were the lowest in the OSO
group (Figs. 2, 3, and 4). For handgrip strength, the lowest
value in the OSO group was followed by the SO group, with
both OSO and SO groups significantly different from the OB
group. There was no significant difference between the OSO,
SO, and OO groups, and neither the OO group was signifi-
cantly different from the OB group (Fig. 2). The OSO group
also presented with the slowest normal and brisk walking
speed, followed by the SO and OO groups, and all the three
groups were significantly different from the OB group for
normal speed, while only the OSO and SO groups were

statistically significant from the OB group for the brisk speed.
There was no statistical difference in normal or brisk walking
speed between the OSO, SO, and OO groups (Fig. 3). Lastly,
the OSO group had the shortest time for both left and right leg
stance tests, followed by the SO and OO groups. However,
only the OSO group was statistically different from the OB
group (Fig. 4).

Table 1 Anthropometrics, body composition measurements, habitual physical activity, dietary intake, and serum 25(OH) vitamin D of participants
(mean±SD)

Variables Osteosarcopenic obese (n=32) Sarcopenic obese (n=28) Osteopenic obese (n=99) Obese only (n=99)

Age (years) 63.0±8.2 61.2±6.1 62.5±7.5 59.8±7.8

Height (cm) 161.9±6.6 164.1±5.5 161.9±6.5 163.1±6.1

Weight (kg) 71.7±12.4a 82.8±9.4b 72.3±13.1a 81.6±15.3b

BMI (kg/m2) 27.3±3.7a 30.9±4.3b 27.5±4.4a 30.7±5.4b

Total body fat (kg) 32.0±8.3a 39.9±6.7b 29.4±9.2a 35.8±10.8b

Total body fat (%) 45.6±4.2a 46.6±3.0a 42.7±4.3b 43.9±5.2ab

Total lean mass (kg) 36.5±4.8a 39.4±3.4a 40.1±4.2b 42.5±5.3b

Appendicular lean mass (kg) 15.2±2.3a 16.3±1.1a 17.8±2.2b 19.0±2.8b

Total BMD (g/cm2) 1.060±0.07a 1.136±0.06b 1.047±0.07a 1.185±0.09c

Total femur BMD (g/cm2) 0.853±0.11a 1.011±0.07b 0.843±0.09a 1.028±0.09b

Total femur BMD T-score -1.24±0.9a 0.10±0.6b -1.31±0.7a 0.18±0.8b

Neck BMD (g/cm2) 0.797±0.11a 0.941±0.07b 0.801±0.09a 0.956±0.10b

L1–L4 spine BMD (g/cm2) 1.017±0.12a 1.225±0.10b 0.988±0.09a 1.223±0.13b

L1–L4 spine BMD T-score -1.38±1.0a 0.38±0.8b -1.58±0.8a 0.39±1.2b

Physical activity (h/week) 5.2±3.2 5.7±7.9 5.9±5.9 7.9±8.7

Energy intake (kcal/day) 1677.8±362.1ab 1689.5±393.6ab 1626.2±382.2a 1755.2±398.2b

Protein intake (g/day) 71.4±17.1 69.4±18.6 69.3±17.9 74.3±20.2

Protein (g/kg weight) 1.0±0.3a 0.8±0.2b 1.0±0.3a 0.9±0.3a

Calcium intake (mg/day) 1110.0±626.6 990.1±599.9 1191.8±605.9 1003.4±512.2

Vitamin D intake (IU/day) 388.4±301.5a 297.2±252.5b 466.4±289.9a 422.2±338.5a

Serum 25 (OH)D (ng/mL) 22.6±8.8 22.6±9.9 23.3±9.8 25.7±7.8

Values within a row with different superscript letters indicate that they are significantly different from each other (p<0.05, by unequal variance t tests)

Fig. 2 Results (mean±SEM) for handgrip strength among the four
distinct groups of women. The different letters indicate statistical
significance (p<0.05) among groups by ANCOVA controlled for age
and BMI with Bonferroni corrections
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Discussion

The objective of this study was to identify women with
osteosarcopenic obesity, osteopenic obesity, sarcopenic obesi-
ty, and obesity alone, in a population of generally healthy
overweight and obese postmenopausal women, and to then
compare measures of physical performance among the
groups. For this study, obesity was not defined using BMI,
rather it was determined using a percent body fat cutoff of
≥35 %. Some authors suggested the cutoff for obesity to be
>30 and >40 % of total body fat for men and women, respec-
tively [21]. However, we used a lower cutoff value (≥35 %)
based on the latest findings in overweight/obese women, in-
dicating a threshold of 33 and 38 % of total body fat at which
BMD of femoral neck and lumbar spine, respectively, starts to
decline [22]. Furthermore, the most recent American Society
of Bariatric Physicians board recommends cutoffs of 25 and
30 % of body fat for men and women, respectively, to classify
those with obesity [23]. Additionally, OSO does refer not only
to the clinically obese people who fit into the category of
having a BMI of >30 kg/m2 but also to those in whom adipose
tissue infiltrates into both muscle and bone, impairing each

tissue’s physiology and functioning. Therefore, the cutoff
≥35 % of total body fat, by iDXA, seems to be more appro-
priate for detecting fat infiltration, rather than extending the
cutoff to 40% to correspond to the BMI obesity classification,
the latter also being rather arbitrary and widely criticized as a
universal criterion for overweight/obesity classification [24,
25]. An interesting finding was that the OSO and SO groups
had the highest % body fat, even though total body fat (kg)
was significantly higher in the SO and OB groups, suggesting
that fat infiltration of muscle and bone is occurring.

A somewhat surprising but important finding was the high
percentage of osteopenia/osteoporosis (50.8 %) compared to
sarcopenia (23.3 %) in this population of women, providing
further evidence that overweight/obesity, or more specifically
body fat, is not protective for bones. It could also be possible
that the current method used to identify sarcopenic obesity [8,
17] underestimates its prevalence and some refinement and
more investigation is warranted.

The OSO group had significantly lower scores for handgrip
strength and slower normal and brisk walking speeds as well
as smaller steps (thus a higher number) for both normal and
brisk walk (not presented), compared to the OB group.

Fig. 3 Results (mean±SEM) for
normal and brisk walking speed
among the four distinct groups of
women. The different letters
indicate statistical significance
(p<0.05) among groups by
ANCOVA controlled for age and
BMI with Bonferroni corrections

Fig. 4 Results (mean±SEM) for
left and right leg stance among the
four distinct groups of women.
The different letters indicate
statistical significance (p<0.05)
among groups by ANCOVA
controlled for age and BMI with
Bonferroni corrections
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Although the values for these measures were the lowest in the
OSO group, they were not significantly different fromOO and
SO groups, suggesting that all three tissues are important
when considering handgrip strength and walking speed. The
SO group was also significantly lower than the OB group, but
that was not the case with the OO group for any of the above
variables (Figs. 2 and 3). Shin et al. [10] found both handgrip
strength and walking speed to be positively associated with
lean mass and negatively with fat mass in older women. Ad-
ditionally, femoral neck BMD was lower in women with a
slower walking speed, while those with lower grip strength
had lower total BMD [10, 12]. Therefore, these findings indi-
cate that sarcopenia, osteopenia, and increased fat mass, as
seen in the OSO group, may explain some of the inferior
physical performance measures, namely grip strength, slower
gait speeds, and smaller steps in this cohort. In the case of the
leg stance time, only the OSO group was significantly lower
from the OB group, indicating that the combined condition of
osteosarcopenic obesity has the greatest impact on balance.

There were also significant differences between groups in
relation to their dietary intake of certain nutrients. Daily pro-
tein intake per kilogram of bodyweight (although adequate, as
all mean group intakes were at or above the recommended
daily intake) was significantly lower in the SO group
(Table 1). This could have contributed to the lower perfor-
mance outcomes in that group, although they were not signif-
icantly lower compared to the OSO group. A larger sample
size may have helped understand what this result means. Vi-
tamin D intake was significantly lower in the SO group com-
pared to all the other groups; however, vitamin D status (se-
rum 25(OH)D) was adequate, above 20 ng/mL, in all the
groups (Table 1). Although dietary vitamin D intake was far
below the recommendations [20], this discrepancy is probably
due to the limitations of dietary records assessment. Recent
studies show that vitamin D status (assessed as serum
25(OH)D), especially in older adults, influences physical per-
formance, where the lower concentrations appear to contribute
to poorer outcomes [26]. The energy intake of women in all
groups was low which seems paradoxical with regard to their
size and energy needs. These low-energy intake levels might
be due to underreporting and/or inaccuracies in the assessment
of food intake via dietary records. However, they might also
present a true low-energy intake which does not result in
weight loss, due to a very low metabolic rate characteristic
for the overweight/obese postmenopausal women, as previ-
ously shown [10, 27].

These initial findings in osteosarcopenic obese women re-
garding the poorer physical performance are important, as
they may be the first indicators of future frailty and risk for
long-term disability in this population. Overweight and obese
women, in general, are not being evaluated for frailty and
fractures. With the new concept of osteosarcopenic obesity,
and now considering its association with lower functional

abilities compared to obesity alone, individuals from this
group should be evaluated and subsequently informed regard-
ing preventive measures. A recent review of hip fracture treat-
ments identified the presence of pre-fracture frailty as a factor
in suboptimal recovery and morbidity. Patients who were
more limited in activities of daily living at the time of hip
fracture had a significantly greater functional loss in the first
year following the fracture [28]. Reduced grip strength has
also been shown to lead to a greater propensity for fragility
fractures and associated morbidity [29]. Similarly, walking
performance/gait speed and balance were identified as the
most reliable and accurate measures of frailty in older women,
even better than chronological age [29, 30].

The increased pattern of frailty in women with
osteosarcopenic obesity can also be examined on a cellular
level, taking into consideration all three tissues: bone, muscle,
and adipose. As pointed out previously [1, 22], adipose tissue
can be detrimental to bone, contrary to conventional thought.
Historically, obesity was thought to be protective against bone
fracture and frailty. Although bone fractures are seen more in
individuals with a low BMI (<20 kg/m2) and less as one ap-
proaches a normal weight (BMI 20–25 kg/m2), research has
shown the relationship between BMI and hip fracture to be a
U-shaped curve, where BMI showed limited protection at
levels of obesity (BMI≥30) [22] and even appeared to in-
crease hip fracture risk [31]. Utilizing computed tomography,
Lang et al. [32] found that fat infiltration, or myosteatosis of
thigh muscles, led to an increase in hip fracture. Obese indi-
viduals and especially those with increased visceral fat, have
higher circulating levels of inflammatory cytokines, TNF-α,
IL-1 IL-6, and C-reactive protein [33, 34]. This is in effect of a
state of a low-grade chronic inflammation that is perpetuated
by further increases in fat accumulation as well as the deteri-
oration of bone [34]. On the molecular level, osteoblasts and
adipocytes share a common mesenchymal stem cell lineage
which, when deregulated by inflammation, increases adipo-
genesis and suppresses osteoblastogenesis and myogenesis [1,
35].

This study has some limitations. Osteosarcopenic obesity is
a newly defined condition, and the cutoff points are not well
established [1, 2]. Although the cutoffs for osteopenia/
osteoporosis have been established earlier, the same is not true
for the osteopenic obesity and sarcopenic obesity, which are
essentially in their infancy but are beginning to be refined by
the scientific community [1, 14]. This is the first study esti-
mating the prevalence of OSO in a cohort of overweight/obese
postmenopausal women, and the cutoffs are based on the
available literature and clinical practice. It is a necessary
starting point for future refinement. Despite some insufficien-
cies in definingOSO, our analysis of the critical variables used
to define the condition (lean and bone mass), in women, was
confirmatory of the classifications for OSO, OO, SO, and OB,
as described above. Another limitation is that the women in
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this study were all generally healthy and relatively young
(∼62 years), resulting in a low prevalence (12.4 %) of OSO,
thus limiting the generalizability of the results, although it did
provide better homogeneity. Similarly, the number of SO
cases was low at 10.8 %. These low numbers in the OSO
and SO groups provided a limited power for the comparison
with other groups. This required the use of unequal variance t
tests to compare means between groups, the method noted to
bewithin the nominal 5% value of type I and II error rates [36,
37]. However, our results do highlight the need for screening.
In our population of overweight and obese (initially by BMI)
postmenopausal women who were perceived as being rela-
tively healthy, only 38.4 % were actually diagnosed as obese
only; the other 61.6 % of women had low bone mass and/or
low muscle mass or both. Osteoporosis is already known as a
silent disease, but it is possible that muscle loss (sarcopenia)
may also be considered as a silent disease.

In conclusion, the osteosarcopenic obese women
experiencing decreased BMD and muscle mass, in combina-
tion with increased adiposity, had the lowest scores for hand-
grip strength, walking speed, and balance compared to women
who were only osteopenic obese, sarcopenic obese, or obese
only (with normal bone and muscle mass). Although these
findings are preliminary and the study has been conducted in
generally healthy postmenopausal women, the results indicate
that OSO carries with it a higher risk for frailty and fracture
risk in women. The evaluation of even older individuals and
those with some comorbidities (e.g., diabetes, cancer) and
older males might be evenmore relevant to the clinicians. This
study also provides the basis for new, either retrospective or
prospective, studies to determine better diagnostic cutoffs for
each separate condition that makes up OSO. Further research
with larger sample size, perhaps investigating more diverse
population and with various comorbidities in which adiposity
is not clinically apparent (based on BMI classification), is
warranted.
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