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Osteosarcopenic adiposity (OSA), originally termed osteosarcopenic obesity (OSO), syndrome (both terms currently used
interchangeably) describes the simultaneous deterioration of bone, muscle and adipose tissues, resulting in reduced
functionality, systemic metabolic dis-regulation, and possibly exacerbating several other chronic diseases creating a
vicious cycle. The key factors contributing to this syndrome are the excess of body fat and/or ectopic fat in the bone,
muscle, and viscera, accompanied by the low-grade chronic inflammation, as well as ageing. However, it could also occur
in younger individuals with some chronic diseases (like obesity, diabetes, cancer).
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| 1. Introduction

The original osteosarcopenic obesity (OSO) concept paper outlining the whole body and cellular connections among the
three tissues; bone, muscle and body fat, was published in 2014 along with the preliminary diagnostic criteria . More
refined diagnoses and some preliminary treatment modalities followed in subsequent papers [E. Another update
indicating the rationale for the change of the term from OSO into osteosarcopenic adiposity (OSA) and relating its
origination and/or worsening in the presence of low-grade chronic inflamation (LGCI) was published recently [4. Markedly,
either of the terms, OSA or OSO, are in use in the current literature. One of the key elements of OSA is the linked nature
of the syndrome; from its cellular connections to the deterioration of bone (osteopenia/osteoporosis), muscle (sarcopenia)
and excess adipose tissue (overweight/obesity, including the redistribution of fat into the visceral area and adipogenesis in
bone and muscle tissues) L. Osteopenia/osteoporosis, sarcopenia and overweight/obesity were once considered as
separate conditions and were rarely studied together. The combination of two conditions, namely, osteoporosis and
sarcopenia =8 or sarcopenia and obesity LEIE has been discussed. Earlier however, it was rarely a case that all three
conditions (referring to a full blown OSA) were linked together, apart from some preliminary suggestions 19 Recently,
the research on this issue exploded and is briefly reviewed below, followed with the appraisal of the updated diagnostics
criteria.

| 2. The State of the Current Knowledge

OSA is progressive, and it can begin with any one of the three conditions: osteopenia/osteoporosis, sarcopenia or
obesity/visceral adiposity, and/or adipose tissue infiltration, each originating on cellular and endocrine levels. The
processes most likely start from the stem cell lineage commitment deregulation, involving bone, muscle and adipose
tissue cross talk and alterations in osteokines, myokines and adipokines concentrations, respectively [4; each process is
exacerbated by the presence of LGCI [4. Any of the conditions, if untreated can culminate into the triad of bone, muscle
and fat deterioration, or OSA syndrome B! |eading to the elevated risks for immobility, frailty, falls, and disability as

well as to the lower quality of life, and probably to an array of other chronic diseases that have yet to be recognized and
linked to it LARBIAAALSI4]IS|IE)L1E]1920] (see Figure 1).
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Figure 1. The progress of osteosarcopenic adiposity (OSA) from cellular changes to clinical manifestations. Adapted from
references [LI[21[21[4][12][13]{14][15][16][17][18][19][20] MSC, mesenchymal stem cells.

4 COVID-19 & other
infections

Nursing home placement

A detailed review evaluating the studies on OSA/OSO was published in 2019 &, For an update, a quick search in
November 2021 on PubMed using “osteosarcopenic obesity/adiposity” as a key phrase, returned 79 articles in humans
and animals. This seems to be an underestimated reflection of the overall number of published articles, since the search
with various other key words/phrases including three body composition compartments, returned hundreds of hits.
Evaluation of these hits revealed that osteopenia/sarcopenia/adiposity were addressed simultaneously in many of them,
but the condition was not specified as OSA/OSO. Some other studies had databases from which OSA/OSO could have
been identified, but the objectives were different, or the authors were simply unaware of or did not use the term. The
following brief review has been modified from recent papers Bl41929 ang also addresses the most relevant recently
published papers in humans.

2.1. Physical Functioning and OSA

After the proof of concept has been established in 2014 [, among the first published original studies was the one in
Caucasian overweight/obese postmenopausal women. The study depicted a significant inferior functionality (handgrip
strength, walking speed, balance) in women with OSA, compared to their counterparts who were obese only 12,
Subsequently, many other studies reported similar findings in which OSA was associated with multiple inferior functional
performance measures [21[2223124125] gnq higher frailty scores 2] in older individuals with OSA compared to those with
only one or two impaired body composition outcomes. These studies suggest that individuals with OSA do have lower
functional abilities and may be at increased risks of falls and fractures (although not always confirmed for the latter two
23y as well as other disabilities, all resulting in poorer quality of life, Figure 1.

2.2. Metabolic Disorders and OSA

A recently published study in almost 3,000 middle-age and older Taiwan community-dwelling residents (evaluated in a
hospital setting) reported that those with metabolic syndrome had about 2.5 times higher risk for developing full-blown
OSA, compared to those without metabolic syndrome 28, Other researchers reported that individuals with OSA (both men
and women) compared to those without OSA, had poorer cardiometabolic disease markers [&: higher prevalence of
hypertension even after adjusting for possible confounders [28: worsened lipid profile [22; and lower serum vitamin D 4
(9, The results of these studies indicate possible elevated metabolic disorders in individuals with OSA or these disorders
worsening body composition components resulting in OSA. However, the cause and effect have yet to be elucidated; it is
also possible that the conditions create a viscious cycle, especially accompanied by LGCI, the feature known to hasten all
of the above conditions.

2.3. Chronic Diseases and OSA

Evaluation of body composition in patients with other chronic diseases was also conducted in a few studies. For example,
in a sample of ~40-year-old women with rheumatoid arthritis, about 42% were identified as having OSO/OSA 31, possibly
indicating impaired overall body composition status. In the study among older men with and without HIV, those identified
as having OSA (although such term was not used, but patients’ characteristics clearly pointed to its existence; low bone



and muscle mass, increased body fat) had significantly higher fragility scores, compared to men without OSA, regardless
of the HIV status B2, Evaluating the patients (>50 years) with non-alcoholic liver disease (NAFLD), a recent study
reported the prevalence of OSA of about 9% in women and its significant association with NAFLD 23],

Carsote et al., conducted a mini review evaluating some 40 studies in patients with various malignancies, concluding that
OSA may worsen the oncology outcomes 24, Considering the increased proinflammatory state and catabolic features of
cancers, as well as the consequences of cancer therapy, it is obvious that muscle, bones and adipose tissue are
impacted, although not specifically named in each article of that review. It seems likely that all three tissues when impaired
(the OSA syndrome), could worsen the cancer prognosis while malignancy itself may either contribute to or exacerbate
the OSA, perpetuating the vicious cycle. A recent pilot study evaluated body composition in breast cancer survivors
(mostly stage | and at least 5 years into survivorship) comparing them with their age-matched healthy counterparts 3.
About 94% of women in each group (survivors/controls) were obese and the prevalence of OSA in breast cancer survivors
was 5.9% compared to 0% in control group. This study needs to be taken with caution because of the small number of
participants (n=35 total), however some other studies reported compromised body composition in breast cancer survivors,
although not explicitly determining the prevalence of OSA [B8IB7IE8] These studies indicate that OSA may propagate other
chronic diseases or the catabolic state of the disease itself might be a cause for the body composition deregulation.

2.4. Nutrition and OSA

At the time of this writing, we are not aware of any published clinical trials with nutritional intervention to assess their
effects on OSA. A few of the published studies were observational or retrospective, utilizing post-hoc analyzes or cross-
sectionally comparing the intake of individuals with OSA to those with normal or milder body composition impairments.
Among these studies, the most frequently addressed nutrients were macronutrients and rarely micronutrients. For
example, de Franca et al., reported that protein intake as g/kg body weight (but not as a percent of energy intake) was
significantly lower in individuals with OSA 23], |n that study, n=218 participants (both males and females age 59-69 years)
were divided into 8 groups: from normal body composition to OSA. None of the other nutrients examined (including
calcium and vitamin D) were significantly different among the groups. Although the categorization of participants into 8
groups based on the body composition status was commendable as it included all possible variations, the study was
probably underpowered. Some groups had only 6, 11, or 14 participants and dietary intake was not separated for men
and women.

Choi and Bae, utilizing the database from the Korean National Health and Nutrition Examination Survey (KNHANES),
reported that men (>50 years) with OSA had lower plant-based and overall protein intake compared to control men B2,
Other Korean researchers utilizing the same database but collected in different years, showed poorer diet quality reflected
probably in lower vitamin D status Y, higher dietary inflammatory index 2% and lower fruit intake # in OSA individuals
compared to those with less impaired body composition. Regarding the relationship between selected micronutrients
(minerals and vitamins), LGCI and OSA, a recent review examined their roles in general and relevant to the COVID-19
pandemic 9. Briefly, the most influential micronutrients are calcium, magnesium, and vitamin D which have profound
impact on OSA and its components, and the latter two also on LGCI. Potassium and vitamin K are vital in bone, muscle
functioning and possibly adipose tissue modification. Both, but particularly vitamin D, surfaced as important modulators of
immune system with application in COVID-19 infections. While both P and Na have important roles in bone, muscle, and
can impact adiposity, due to their abundance in food their intake should be curbed to prevent possible damaging effects
(29 obviously, more studies and clinical trials are needed to bring insight into the influence of overall diet, as well as
specific nutrients, on OSA. Further refinement in personalized nutrition may bring a needed breakthrough in this area.

2.5. Physical Activity and OSA

There are a few randomized clinical trials which evaluated the exercise intervention (as possible therapy) specifically in
the OSA patients and the subsequent outcomes in body composition and other related biomarkers. For example, the
Iranian group conducted a series of studies in older women with OSA and intervention with the elastic band resistance
training. They reported that during the 12 weeks of intervention there was an improvement in body composition and some
other biomarkers ( e.g., serum lipids) in those who completed the intervention, compared to those who did not 42431,
Similarly, Cunha et. al., reported the dose response-improvement in body composition and ultimately in OSA after a 12-
week resistance training in OSA patients (three set produced better benefits than a single set) #4l. |t seems that the above
are the first randomized clinical trials evaluating specifically the OSA patients and implementing some interventional
measures to investigate possible improvements in body composition or other related biomarkers. Obviously, more needs
to be done in that area.



2.6. Complexity of OSA

A recent paper addressed various influences on OSA and LGCI, as well as their mutual action on each other, and
provided nutritional and behavioral recommendations which could be personalized to help with either preventing or
managing OSA and LGCI in general, and specifically in the time of the COVID-19 pandemic 12, Detailed also were
nutritional recommendations for and roles of macro- and micronutrients and bioactive food components; the microbiome;
and optimal physical activity regimens. Other issues, such as food insecurity and nutritional inadequacy, circadian
misalignment in shift workers (or by choice) were addressed as well. Since there is still a lack of longer-term primary
studies in COVID-19 patients (either acute or recovered) and interventions for OSA improvement, the discussion was
based on the existing knowledge, scientific hypotheses and observations derived from similar conditions or studies just
being published. Overall, based on the presented evidence from numerous studies, it could be said that the health
consequences of OSA with comorbidities are greater than the sum of its individual components. In other words, each
individual condition (osteopenia/osteoporosis, sarcopenia, adiposity) may promote development of other comorbidities
resulting in a new illness contributing to OSA and vice versa; each compounding the overall consequences and making
them worse than just the sum of individual conditions [El[4],

Addressing the complexity of the OSA syndrome, Figure 2 presents biological, behavioral and environmental factors
contributing to bone, muscle, and adipose tissues deterioration and probable development of OSA. Some of the
influencing factors are innevitable (like aging and genetics), others could possibly be modified (stress, inflammation), and
others could be mitigated even to a fuller extent (nutrition, lifestyle) 4IL120],
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Figure 2. Major contributors to bone and body composition impairments. Adapted from [2I[19120],
2.7. Prevalence of OSA

A very important point is that the studies identifying/diagnosing OSA used different methodologies and criteria to diagnose
not just the full OSA, but also its components (osteopenic adiposity, sarcopenia, sarcopenic adiposity, or adiposity/obesity
itself), which resulted in mismatched diagnoses and wide range of OSA prevalence. While the consensus on diagnosing
osteopenia/osteoporosis has been established many years ago and followed worldwide “SI48] that is not true for other
body composition components within OSA BI4ILA20] However, the biggest and persisting problem in standardization of
OSA diagnosis and thus determining its overall prevalence, or prevalence in specific groups, is a lack of consensus for
cutoffs in determining body adiposity and identifying ectopic fat in each of the tissues 4. Additionally, the studies reporting
the prevalence of OSA were conducted in populations of different age, ethnicities, diseased state, as well as in different
geographic regions. Therefore, it is of no surprise that the overall prevalence of OSA is hard to infer and that it has such a
wide range: ~3% to ~42% 3123 typically (but not always) lower in men than in women. However, the most alarming
findings were published just recently with the OSA prevalence among nursing home residents of ~53% for both men and
women 4. n that study, all body compartments for OSA diagnosis (including bone mass) were assessed via bioelectrical
impedance analysis (BIA) technology.

Obviously, more studies around the world are needed to determine the prevalence of OSA in women and men of specific
ages, diseased states, and its possible ethnic/geographic burden. However, the studies in patients with other chronic
diseases and in the nursing homes residents both comprising the most vulnerable populations for this (and many other



related problems, for tha matter) are particularly encouraged and they will probably render quite different results than
those in community dwelling individuals.

| 3. Persisting Difficulties in the Identification of OSA and its Components

The current physical (body composition) diagnostic criteria render OSA identification when the clinically relevant stages of
bone loss, muscle mass/strength loss, and body fat gain have been reached. Briefly, in our earlier study &, we outlined
two most suitable ways for diagnosing OSA: 1) by physical measurements of bone and body composition via dual energy
x-ray absorptiometry (DXA) using the established cutoffs criteria for each body composition compartment; 2) by
functionality measures (namely, handgrip strngth, one leg stance, gait speed and sit-to-stand chair test) as a proxy for
bone and body composition assessments when DXA is not available (also using established cutoffs for each of the
measure); or 3) by combination of both. Obviously, if both measurements (DXA-bone/body composition and functional
performance) are available, a more comprehensive way to grade the extent of the physical and functional deterioration
and diagnosis of OSA syndrome could be obtained 2. However, our previous criteria were only for women and did not
fully consider the role of ectopic fat in bone and muscle (and in OSA) and these criteria were subsequently updated and
include those for men as well Bl. Furthermore, the steady development of alternative technologies (using not just DXA, but
new BIA instruments and possibly other technologies) could make the OSA identification even easier, as reviewed below.

3.1. Bone and Muscle

The definitions and cutoffs for osteopenia and osteoporosis are well established and are based on the T-scores (< -1
standard deviation, SD) for the measured bone mineral density (BMD) in hip and lumbar spine; and compared to young,
normal, reference population #3148l Although not perfect, they are based on the extensive research in the last several
decades and are widely used in the medical community. Additionally, the position statement from the National Bone Health
Alliance Working Group 48 suggests that the diagnosis of osteoporosis should consist of a low T-score combined with a
high risk of fracture, assessed by the Fracture Risk Assessment Tool (FRAX®). The limitations of DXA for the mass
screening and diagnosing osteoporosis are its relatively restricted availability and resource needs. A promissing new tool
is a BIA technology (all portable, non invasive, relatively cheap) instrument BIA-ACC® (BioTekna srl, Marcon-Venice, Italy)
which, unlike other BIA technologies, assesses bone mass (kg in the whole body). This instrument was used to detect
OSA in young obese men and women 2 and in the nursing home residents 24, and has been validated against DXA 59,
However, unlike DXA, it cannot distinguish among different skeletal sites because it depicts only the total bone mass in
the body. The bone status (like with DXA measurements) is determined based on a normal reference population (which
may be instrument specific); therefore, a T-score of < -1 SD would indicate a lower bone mass (osteopenia/osteoporosis).
Regardless of the instruments used, current clinical approaches to defining osteopenia/osteoporosis remain rooted in
determining the quantity of bone mass and do not account for bone marrow fat, trabecular changes 21 or ectopic fat in
bone 22, in other words, they do not assess the quality of bone.

Regarding the muscle/lean tissue, Baumgartner and colleagues were one of the first groups to propose a criterion for
sarcopenia using DXA in normal-weight individuals to detect the muscle mass, using the appendicular (arms and legs)
lean mass as a proxy 23!, Although both DXA and BIA may be used to measure lean mass (either kg or % of body weight),
the caveat is that neither technology identifies muscle itself. These technologies assess the total lean mass (sum of
muscle, total body water and organs). This limitation is offset by including only the appendicular lean tissue which mostly
comprises muscle 4. However, in order to diagnose sarcopenia which includes both deteriorated muscle quantity
(muscle mass) and quality (muscle strength), more comprehensive approach needs to be added, most often also
including the battery of physical performance measures 23, In this case too, the presence of the surrounding body fat
and ectopic fat in muscle may make this approach more difficult. To address this issue, Baumgartner et al. suggested that
one reliable and accurate instrument (e.g. DXA or BIA), should be used for the simultaneous assessment of sarcopenia
and obesity 28] suggesting a single device is better than two or more to determine the ultimate combination of the
impaired muscle (sarcopenia) and obesity. This subsequently led to the identification (and naming) of sarcopenic obesity
as a separate entity B7[E8] although not immediately and not always labeled as such.

While sarcopenia itself has been studied extensively and the well-developed criteria for its diagnosis are in place (using
both muscle mass quantity and quality assessment, the latter via functional performance) 23, that is not the case with
sarcopenic obesity for which the criteria are not uniformly defined. Identifying the skeletal mass index (SMI; derived from
appendicular lean mass (ALM) and adjusted for squared height) seems to be the most common method, however, the
different cutoff points are used by different researchers. They range from <7.2-8.8 kg/m? for men and <4.7-7.4 kg/m? for
women B9, Similar case is with the functional performance measures (and the choice of which ones to use) BI56I571(58][59]
(91 mportantly, sarcopenic obesity for overweight/obese women could be determined from the Domiciano et al. (2012)



equation 1 derived from the negative residuals of the linear regression model in which appendicular lean mass (ALM) is
adjusted for fat mass and height and in which the 20th percentile was defined as the cutoff point for sarcopenic obesity &
(61 This has not been tested for men and even the original Baumgartner et al., (23] definition for sarcopenia, was found to
underreport sarcopenic obesity in men €2,

3.2. Obesity Classification and Adipose Tissue

One of the still most-debated aspects in body composition evaluation, in general and in the physiological sense as it
relates to OSA, is the assessment of obesity/adiposity 8364l The difficulties arise from the heterogenic nature of adipose
tissue which encompasses visceral fat (around inner organs and abdomen), subcutaneous fat (underneath the skin) and
ectopic fat (infitrated in bone, muscle and other tissues). Additionally, there are several types of fat cells (white, brown,
beige), manifesting different metabolic pathways and functions 1. These issues are discussed in more detailed below.

3.2.1 Whole Body Obesity/Adiposity Identification

The most common approach in classifying overweight/obesity in the clinical setting is still by calculating body mass index
(BMI), using the values of > 30 kg/m? as a cutoff for obesity. Despite its shortfalls 63681 some studies still support its
utility for these purposes 4. Probably the most important point to note here is that BMI may be useful if the outcome is
the change in BMI, which is actually the change in weight. Nevertheless, a low BMI (underweight) is associated with
sarcopenia (especially in older adults) (€8], osteopenia/osteoporosis A and frailty (22, the latter exhibiting reverse
epidemiology with body weight 3, This supports the notion of normal-weight/BMI obesity /4 and suggests that the
location of fat mass and the overall volume of bone/lean/muscle mass are more important than body weight. Therefore, in
the context of OSA, where visceral and/or infiltrated fat is important, weight or BMI are not useful for identifying the
obesity/adiposity status. It becomes obvious that a more unified definition of obesity is required to reflect the impact of
excess fat mass on metabolic and tissue health, which still might not be available technologically, especially not for a
wider use.

Regarding the use of some "popular" and relatively available technologies (e.g., DXA or BIA), the reported cutoffs for
determining obesity based on the total body fat have a wide range: from = 20% to 28% body fat for men and = 32% to
43% body fat for women B2, For example, the Framingham Study used obesity cutoffs of = 30% for men and = 40% of
body fat for women 22l while the cutoffs from the American Council on Exercise for body fat percentage are 25% and
32% for men and women, respectively [78] the latter also used in our recent assessments B, The American College of
Sports Medicine have obesity cutoffs differentiated not just by sex, but by age as well. For example, the > 60 years old
men and women have 28.5% and 36.6% cutoffs, respectively 2.

3.2.2. Visceral Adiposity and its Identification

In addition to the different cutoffs and the lack of a consensus as to which one to use, no measures or cutoffs reviewed
above consider the inevitable redistribution of fat into the visceral area (well known to secrete proinflammatory molecules)
and its infiltration into bone and muscle, particularly accelerated with age (when they cause more metabolic disorders and
other chronic problems than subcutaneous fat) 8. Therefore, despite of all uncertainties and very new area of this
research, the biggest problem might be due to the heterogenic nature of adipose tissue 4 and inability of current
technology to assess it. Briefly, visceral fat surrounding the organs (mostly in abdominal area) and infiltrated/ectopic fat in
bone and muscle can be accurately detected only with limited technologies (e.g., MRI or CT), thus, not widely available. In
fact, the heterogeneity of adipose tissue was the main reason why the original term osteosarcopenic “obesity” was
changed into osteosarcopenic “adiposity”; in view that obesity typically referrs to the overt overweight-phenotype and
adiposity, in addition to the overweight-phenotype, also reflects the complexity of fat tissue 2. Additionally, the term
osteosarcopenic adiposity also aligns better with our original definition of the syndrome 2, However, since the term
OSO was depicted in the earlier studies and since some authors are still using it, both terms, OSO and OSA, reflect the
same condition and are currently in use.

It is worth noting that another alternative to measuring visceral fat is to calculate android and gynoid fat, made possible by
newer DXA instruments which measure/analyze the android (abdominal) and gynoid (hip) fat regions of the body [,
Visceral fat correlates better with android than with gynoid fat, and this is evident by the much lower presence of gynoid
fat in males [l However, the android to gynoid fat ratio (A/G ratio) is also a useful measure as it is a good predictor of
metabolic deregulation and cardiovascular disease in adults 2183l and children 84! similar to visceral fat. An A/G ratio of <
1.0 is a recommended cutoff for both males and females. In cases when DXA is not available, a proxy for the A/G ratio
could be waist and hip circumferences or the waist-to-hip-circumference ratio (see Table 1).

3.2.3. Ectopic Fat Identification and Assessment of Bone and Muscle Quality



The unique material properties of bone regarding its strength and quality could not be measured in-vivo (other than with
some invasive technologies, like CT or expensive MRI) until recently. The introduction of impact micro-indentation (IMI)
technology offers the evaluation of in vivo tissue-level properties of bone in humans. The meta-analysis evaluating studies
using this technology, focusing on the OsteoProbe® (ActiveLife Scientific Inc, Santa Barbara, CA, USA), has recently been
published B3, Briefly, the IMI measures the reference point micro-indentation and bone’s ability to resist the separation of
mineralized collagen fibrils after the probe insertion. The final output is a calculated bone material strength index (BMSi), a
ratio of the indentation distance in bone versus a reference material; in cases of compromised bone strength a deeper
probe indentation occurs, resulting in the lower BMSi. However, the OsteoProbe® technology is somewhat invasive as it
requires application of local anesthetic at a mid-shaft tibia where the probe is inserted through the skin. Nevertheless, this
is a promising technology for the in vivo bone material properties and bone quality and fragility evaluation, especially
when complemented with other technologies (e.g., DXA) 2],

The instruments which enable assessment of volumetric, as opposed to areal BMD (obtained by DXA), in both humans
and animals are based on quantitative computed tomography (QCT). Those used in humans, peripheral, pQCT, measure
bone parameters in appendicular skeleton (e.g., radius, tibia, femur) and can separate between trabecular and cortical
bone. Additionally, these instruments also analyze bone geometric properties, such as marrow and cortical cross-sectional
area, cortical thickness, as well as biomechanical parameters, like cross-sectional moment of inertia (indicating bone
strength in torsion). These instruments enable the analysis of fat and muscle composition in extremities; thus providing
some information about the bone and muscle quality. Due to their low radiation exposure, lower costs and ability to
characterize appendicular bone geometry, compartmental density and strength, they can also be used to monitor changes
during drug therapies, diet and exercise, as well as the disease outcomes on bone health. The biggest drawback for the
longitudinal assessment is the need for very precise and consistent repositioning during follow-up. Also the cutoffs of
various measured parameters are not well established and not officially used to diagnose osteoporosis. For more
information see review (€8],

Another non-invasive method for bone evaluation and screening for low bone mass is quantitative ultrasound (QUS)
technology, generally applied to peripheral skeletal sites (e.g., phalanx, calcaneus, radius, tibia); however, the only
validated measurement site for osteoporosis management is the heel. The most commonly used QUS measures include
speed of sound (SoS) and broadband ultrasound attenuation (BUA), both correlated well with DXA derived BMD at lumbar
spine and femoral neck. Some in vitro studies indicated that QUS indices reflect two principal constituents of bone; the
bone quantity and quality (microarchitecture and strength). Nevertheless, most of the QUS application in humans is used
for fracture prediction and not bone quality assessment. The cutoffs are based on T-scores (like with DXA), but they might
be specific for each instrument. Additionally, the commercially available devices show technological diversity and employ
different methods for calibration, thus precluding the results from different devices to be directly compared. For more
information see review &7,

One of the newer devices (BIA-ACC® BioTekna, Marcon-Venice, Italy), based on multi-frequency bioelectrical impedance
enables quantitative and qualitative body composition assessment and it has been validated against DXA B9, This
instrument detects total bone mass in the body (kg), along with minerals, calcium, magnesium and phosphorus; although
it cannot distinguish between different skeletal sites or types of bone. The determination of bone status is based on the T-
scores of normal reference population, just as in case with DXA measurements, but the T-scores may be instrument
specific. This technology does not assess the ectopic fat in bone or changes in bone marrow fat; in other words, it does
not address the quality of bone, but it gives a more comprehensive picture about the minerals and protein in the bone.

In addition, BIA-ACC® assesses the skeletal muscle mass (kg and % fat free mass), as well as intramuscular adipose
tissue (IMAT). It also yields the amount of fat mass (kg and % body weight), total body water, and extracellular and
intracellular water. The BIA-ACC® may be complemented by another portable device, the PPG-StressFlow® (BioTekna,
Marcon-Venice, Italy), which assesses the autonomic nervous system, heart rate and heart rate variability, providing the
information on chronic stress, systemic inflammation, oxidative stress and insulin resistance 8889, Therefore, in addition
to their portability and ease of use, the synergy of BIA-ACC® and PPG-StressFlow® provides body composition
assessment enabling the diagnosis of OSA, and at the same time shows underlying metabolic derangements such as
low-grade chronic inflammation and stress, offering a thorough assessment about overall health.

Regarding other assessments of muscle quality, the easiest way would be to calculate the phase-angle from the BIA data
by finding the arc-tangent of the reactance/resistance ratio [29. Although this methodology does not directly measure the
infiltrated fat in muscle, it could serve as a proxy for muscle tissue quality. Similarly, some researchers are using the knee
extension measurements to assess muscle quality, as well as the lower body strength, where one repetition maximum in



kg from the knee extension is divided by the leg lean mass in kg (mostly measured by DXA or BIA) B, The BIA-ACC®
instrument conveniently provides the analysis of phase angle, in addition with other muscle and body composition
properties mentioned above (e.g., IMAT).

Recent attention has been given to the advanced assessment of muscle tissue via ultrasound technology, particularly in
view of its ability to distinguish among different properties of the muscle. For example, the high-frequency ultrasound
measures the skeletal muscle mass, muscle length and density and can even track muscle atrophy 22. Additionally, an
ultrasound probe can evaluate the quality of skeletal muscle, such as the quadriceps, by finding the echo intensity using
gray scale analysis with software such as Adobe Photoshop 23l Echo intensity is negatively correlated with muscle

strength, muscle thickness and age and may be useful in identifying infiltrated fat (myosteatosis) and the aging muscle
[93]

| 4. Updated OSA Identification

Based on the reviewed data and available technology, we expand on our previously proposed criteria & to identify
OSA, including the criteria for both men and women, presented in Table 1. The criteria for osteopenia/osteoporosis are
well-established “3146148] \jith a T-score of < —1 standard deviation (SD) with respect to the reference values and include
both osteopenia and osteoporosis (the latter defined as < -2.5 SD of reference values), using DXA. Using the bioelectrical
impedance to measure whole body bone mass (currently possible only with BIA-ACC®, see above), a T-score of < -1 SD
is a cutoff and the reference is specific for that instrument BI#959 For muscle mass and sarcopenia, the criteria with
cutoff values include skeletal muscle index (SMI) B2l and the 20™ percentile of appendicular lean mass (ALM) 6162 hoth
obtained by DXA or BIA. Another criterion, but specific only to BIA-ACC® instrument, includes the S-Score with cutoff of <
-1.0 SD with respect to the reference BI#59 For total body fat, the percentage cutoffs and the fat mass index for
obesity are included B4, we also include the cutoffs for the visceral adipose tissue to account for the fat redistribution
into the abdominal area (occurring inevitably with age), when CT and/or MRI measurements are availble . When DXA
measurements are available, the visceral/subcutaneous or android/gynoid fat ratios could be used, while intramuscular
adipose tissue (IMAT) cutoffs are available by BIA-ACC®, and were used to previously identify OSO/OSA 449l ajthough
there may be other specific reference values for different bioelectrical impedance instruments. The basic anthropometric
measurements cutoffs of waist, hip and their ratios are included as well (Table 1). As a final point, in addition to CT and
MRI to measure visceral fat, DXA technology has been shown to correlate well with CT data [R4BSIB6I97 which expands
the role of DXA in identifying OSA.

Table 1. Physical diagnostic criteria for osteosarcopenic adiposity in males and females using commonly available
technologies with the corresponding cutoffs.

OSAI/OSO
Components

Males Females



T-score for BMD < - 1.0 SD T-score for BMD < - 1.0 SD

(by DXA) (by DXA)
-Femoral neck OR -Femoral neck OR
-Proximal femur OR -Proximal femur OR
BONE . :
-Lumbar spine -Lumbar spine
-Calcaneus (by QUS) --Calcaneus (by QUS)
T-score, total bone mass < - 1.0 SD T-score, total bone mass < - 1.0 SD
(by BIA-ACC®) (by BIA-ACC®)
SMI £ 5.5 (kg/m?) SMI = 7.3 (kg/m?)
(by DXA, BIA) (by DXA, BIA)
ALM -- Not studied ALM = 20th percentile
MUSCLE
(by DXA, BIA)
S-Score <-1.0 SD S-Score <-1.0 SD
(by BIA-ACC®) (by BIA-ACC®)
Total body fat = 25% Total body fat = 32%
(by DXA, BIA) (by DXA, BIA)
TOTAL BODY FAT
Fat Mass Index = 9 (kg/m?) Fat Mass Index = (13 kg/m?)
(by anthropometrics) (by anthropometrics)
VISCERAL FAT Visceral fat = 130 (cm?) Visceral fat = 100 (cm?)
(by CT, MRI) (by CT, MRI)
Visceral/Subcutaneous ratio = 1 Visceral/Subcutaneous ratio = 1
(by DXA) (by DXA)
Android/Gynoid fat ratio < 1.0 Android/Gynoid fat ratio < 1.0
(by DXA) (by DXA)
ECTOPIC FAT IMAT = 2.0% (by BIA-ACC®) IMAT = 2.0% (by BIA-ACC®)
Waist circumference = 102 (cm) Waist circumference = 88 (cm)
CENTRAL FAT
(40 inches) (35 inches)
(anthropometrics)
Waist/hip ratio > 0.90 Waist/hip ratio > 0.85

OSA/OSO, Osteosarcopenic Adiposity/Obesity; BMD, bone mineral density; DXA, dual-energy x-ray absorptiometry; BIA,
Bioelectrical Impedance Analysis; BIA-ACC® (device by BioTekna, Marcon, Italy), measuring the total body bone mass;
SMI, Skeletal mass index (ALM/height2); ALM, Appendicular lean mass; CT, Computerized Tomography; MRI, Magnetic
Resonance Imaging, IMAT, intramuscular adipose tissue.

In this physical diagnostic criteria, we did not include BMI as a preferred method to define obesity in the context of
OSA/OSO for two reasons: 1) it does not differentiate between body composition compartments (bone, muscle and fat),
creating one of its major flaws [83I88l: and 2) it excludes individuals with normal-weight obesity, who nevertheless may be



at risk for OSA because of redistributed/infiltrated fat (see discussion above). However, in the absence of other measures,
BMI, with appropriate ethnic cutoffs, may suffice to obtain an initial diagnosis of obesity, if that is the research area of
interest. It is important to measure visceral fat and other body composition parameters in order to assess the metabolic
burden of obesity (systemic and/or on bone and muscle). Although the preference is to use DXA, BIA and, whenever
possible, CT or MRI to measure ectopic fat and to identify OSA, we have included proxy measures of ectopic fat for
clinical setting. Finally, we have utilized broadly established cutoffs or those of European origin; however, we encourage
adjustments to the criteria for various other ethnic groups. We envision a grading method based on some of these
measures in the future; however, not enough data on OSA are available currently, and more research is needed.

Regarding the assessment based on the functional performace to complement physical criteria, our originally proposed
scoring @ could be revised just for the older men. This revision stems from the recently changed criteria for handgrip
strength to diagnose sarcopenia in older men 2. Based on the European Working Group on Sarcopenia in Older People
2 (EWGSOP?2), the newest cutoffs for handgrip strength for men and women are < 27 kg (lowered from < 30 kg) and < 16
kg (stayed the same), respectively. Moreover, the whole battery of functionality measures could be used, depending on
the facility and the preference, as each one has the established cutoffs 23, In our earlier paper [, besides the handgrip
strength, we also proposed one-leg stance, gait speed, and sit-to-stand chair test. Other possible combinations include
Short Physical Performance Battery (SPPB), Timed-Up-and Go (TUG) and 400-m walk tests, as proposed recently to
assess the severity of sarcopenia 5.

| 5. Summary and Future Needs in OSA Research

This entry reviewed the basic characteristics of OSA, its possible causes and consequences (Figure 1), as well as the
most relevant research findings across the world related to its various characteristics and concerns. We have shown that
research in OSA and its detection is being conducted in many populations globally, including even young
overweight/obese males and females. Most often, OSA has been associated with a reduced functionality but also frailty in
older individuals, metabolic deregulation, possible worsened prognosis if present with chronic diseases and malignancy
(or vice versa), poor diet and a sedentary lifestyle (Figure 2). We presented measures and cutoff values for the physical
diagnosis of OSA, as well as of each of its components or combination of two (Table 1). There, we incorporated visceral
adipose tissue (and when possible ectopic fat), to account for the fat redistribution into the abdominal area and fat
infiltration, both characteristic of ageing. We also expanded the criteria to include males and briefly discussed the
complementary diagnosis employing functionality measures. Some of these measures/criteria will require validation in the
context of OSA identification, but most notably those regarding the adipose tissue assessment.

Presently, there are technologies available that could be utilized and further developed for the diagnosis of OSA and its
components. However, there needs to be a concerted effort to develop devices that can be used in the field/clinic as well
as in a research setting to accurately assess visceral/ectopic fat and other body composition compartments, so that more
studies could be done to refine the diagnostic criteria for bone and muscle loss and fat mass gain/redistribution.
Therefore, future research is urgently needed to facilitate the improvements in diagnosis of OSA and its separate
components (e.g., osteopenic adiposity, sarcopenic adiposity). Of particular importance is to establish the consensus for
the overall obesity classification, in addition to the criteria for visceral/ectopic fat and marrow fat abnormalities. Regarding
other possible advances in OSA identification, some preliminary research has been done in identifying potential serum
biomarkers specific to each tissue (bone, muscle, fat) 28], to complement the diagnosis and also to evaluate the systemic
effects of OSA. However, this area is in its hascent stage and needs supplementary research and evaluation.

We have previously summarized and outlined the nutritional and exercise interventions in the form of an algorithm B! with
the ensuing update and expansion 422129 iy order to aid with the treatment and management of OSA. More elaborate
and specific recommendations will be available in the future issues and as more research evolves.

Overall, it could be concluded that OSA encompasses more serious and more detrimental outcomes than the sum of its
components B4, Regarding its identification, despite several options that are available for diagnosing OSA (see Table 1),
there is a need to establish the scientific group on osteosarcopenic adiposity to guide researchers in its diagnosis and
identification toward the uniform criteria, as currently exists for sarcopenia 25, In view that defining and classifying
adiposity is still such a difficult and problematic task, many researchers will need to come together, in addition for the
development of more advanced and approachable technology to be used and in some cases, newly developed.

This entry has been adapted from 10.1155/2016/7325973; 10.3390/nul1040747; 10.3390/nu12123898;
10.1017/S0029665121000586
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