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The objectives were to examine if there is a causal relationship between osteosarcopenic adiposity (OSA) syn-
drome (coexistence of osteopenia/osteoporosis, sarcopenia, and excess adiposity) and cardiometabolic disorders
or if these disorders initiate the development of OSA and its worsening. The search was conducted in PubMed,
Scopus, and Web of Science to include articles up to the end of 2023. Of n=539 articles retrieved, n=15 met the
eligibility criteria. Only studies conducted in adults and with all three body composition compartments (bone,
muscle/lean, adipose) measured were considered. The results revealed that several cardiometabolic disorders,
namely, hypertension, dyslipidemia (elevated total and LDL-cholesterol, lower HDL-cholesterol), insulin resis-
tance, hyperglycemia, lower serum vitamin D, and some inflammatory markers were accompanied by OSA. In
most cases, the OSA phenotype was associated with worse outcomes than cases with healthy or less impaired
body composition. Our initial questions about the reciprocal cause-and-effect relationships could be surmised
with more certainty for the OSA and some cardiovascular risks (hypertension, dyslipidemia) and some metabolic
abnormalities (several inflammatory markers). The results of this review underscore the importance of body
composition in health and from a clinical perspective, all three body composition compartments should be
measured by standardized technologies using regulated diagnostic criteria to identify OSA. Randomized trials
and prospective studies in diverse groups of older and younger individuals are necessary to determine if the
relationships between OSA and clinical endpoints are causal and reversible through intervention and to uncover
the mechanisms.

1. Introduction

The main body composition compartments, including bone, muscle/
lean, and adipose tissues, play a significant role not just in physical
fitness but in overall health (Genton et al., 2011; JafariNasabian et al.,
2017), and to some extent in chronic diseases risks (Wells and Shirley,
2016). Bone, muscle, and adipose are endocrine organs that secrete
molecules (osteokines, myokines, and adipokines, respectively) that
exert endocrine, paracrine, and local influences enabling a homeostatic
crosstalk amongst themselves as well as with other tissues and organs
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(Ilich et al., 2020, 2014a; Moser and van der Eerden, 2018; Severinsen
and Pedersen, 2020). This homeostatic crosstalk is critical for the
healthy development and maintenance of each tissue. However, many
factors influence and alter these homeostatic processes, the most sig-
nificant being aging (inevitable), low-grade inflammation, and chronic
diseases, including cardiometabolic disorders (CMD). The latter may be
in a perpetual cycle: CMD contribute to the impairment of body
composition and then compromised body composition contributes to
CMD.

Eventually, the deterioration of each tissue leads to osteoporosis,
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sarcopenia, and adiposity (increased/redistributed body fat). In the past,
these impairments used to be studied separately and in isolation, and
while this approach is necessary to provide insight into the underlying
mechanisms, a more integrated approach (person-as-a-whole) may
improve treatment outcomes. In this context and bearing in mind the
decline in quality and quantity of the three primary body composition
tissues (bone, muscle/lean, and adipose), the osteosarcopenic adiposity
syndrome (OSA) gets its full connotation. The elaborated proof-of-
concept and identification of OSA (initially coined “osteosarcopenic
obesity”) was published in 2014 (llich et al., 2014a). Briefly, it is a
condition where osteopenia/osteoporosis, sarcopenia, and excessive
and/or redistributed/infiltrated adipose tissue coexist.

The interconnectedness of bone, muscle, and adipose has been
recognized, and some evidence suggests that each body composition
impairment worsens the other, eventually leading to OSA (Ghavipour
et al., 2017; Hu et al., 2023; Ilich et al., 2020; Kelly et al., 2019). The
most recent bi-directional Mendelian randomization analysis provided a
cause-and-effect relationship between osteoporosis and sarcopenia; pa-
tients with osteoporosis were more susceptible to developing sarcope-
nia, which then further worsened bone status, indicating a perpetual
causal relationship (Liu et al., 2022). Although this analysis did not
directly incorporate the state of obesity and the influence of adipose
tissue (there may have been infiltrated fat in bone and muscle tissues),
the interdependence cannot be overlooked and supports the
cause-and-effect relationships between tissues in the progression to
OSA. This provides evidence that the dysfunction in one tissue could
result in the deterioration of another. Consequently, it could be hy-
pothesized that individuals with OSA might be more vulnerable to
chronic poor health and that chronic disease may lead to further im-
pairments of body composition (or OSA) through positive feedback
loops. This could be particularly true for cardiometabolic disorders
characterized by a cluster of metabolic abnormalities (e.g., systemic
inflammation, insulin resistance, diabetes, dyslipidemia, hypertension)
all increasing the risks for cardiovascular diseases (Kirk and Klein,
2009).

Although a wealth of research investigating OSA and various other
disorders has been conducted across the world and in various pop-
ulations; see recent reviews (Hu et al., 2023; Ilich et al., 2020; Vucic
et al., 2023), the original studies reported inconsistent findings and
sometimes even controversial conclusions about OSA and some cardio-
vascular and/or metabolic diseases. For example, having OSA syndrome
was associated with greater cardiometabolic disturbances, such as hy-
pertension (Chen et al., 2019) and dyslipidemia (Mo et al., 2018) in
Chinese but not in Iranian (Ahmadinezhad et al., 2023) studies. Other
researchers reported worse outcomes in rheumatoid arthritis (Yatsyshyn
and Stoika, 2018) and different results in some malignancies (see review
by (Carsote et al., 2016)), in patients with OSA compared to those with
only one or two body composition impairments. The inferior outcomes
in individuals with OSA were particularly apparent regarding some, but
not all, of the functional performance measures, including markedly
poorer balance, and walking abilities, higher disability and frailty
scores, and morbidity and mortality (Ilich et al., 2015; Ma et al., 2020;
Szlejf et al., 2017). There are various reasons for the controversy and
they are addressed in relation to each study in the Discussion (Sections
4.1 and 4.2). Furthermore, the research field of body composition in
clinical and health outcomes is still in its early stages. Despite that
obesity, defined by body mass index (BMI), is already rooted in
healthcare, muscle mass is becoming of particular interest in clinical
research as it correlates with mortality and may explain the obesity
paradox (Abramowitz et al., 2018). However, neither fat mass nor
muscle mass are adequately assessed by BMI. Additionally, the deteri-
oration of all three tissues is linked to inflammation (Aaron et al., 2022;
Hu et al., 2023; Ilich et al., 2014b) as are other CMD parameters.
Consequently, low-grade chronic inflammation might as well be the
underlying common cause for both OSA and CMD and both could be
considered inflammatory diseases.
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Since it is reasonable to assume that dysfunction in one tissue/organ
could worsen and speed up the deterioration in another, it could be
speculated that individuals with OSA might be more vulnerable to
chronic poor health as the metabolic health of all three body composi-
tion tissues is affected, or vice versa. Therefore, our objective was to
review studies investigating the association of OSA with car-
diometabolic disorders (e.g., hypertension, dyslipidemia, type 2 dia-
betes, inflammation) and to ascertain whether the outcomes were worse
in individuals with OSA compared to those with healthy body compo-
sition, or those with only one, or two tissue impairments.

Based on the objective, our research questions are:

1) Could OSA promote the development of other comorbidities result-
ing in new illness and could a chronic illness worsen the body
composition leading to OSA? In other words, is there a perpetual
downward spiral in the relationships between OSA and car-
diometabolic disorders?

2) Is it possible to determine the cause-and-effect between OSA and
cardiometabolic disorders?

3) Additionally, we wanted to identify possible gaps in the research on
OSA syndrome and to provide recommendations for future studies.

Of note is that the terms “adiposity” and “obesity” are used inter-
changeably in the literature and thus in this manuscript. There is no
conventionally accepted term, although “adiposity” would be more
appropriate as the term encompasses more than overt excess subcu-
taneous body fat (Hu et al., 2023; Ilich et al., 2020). Similarly, “muscle
mass” and “lean tissue” are sometimes used interchangeably, although
in most cases muscle mass, not lean tissue, is associated with
health-related outcomes. The indication for all three body composition
components within the normal range is referred to either as “normal” or
“healthy”.

2. Methods
2.1. Search strategy

The initial search, to examine relevant articles published up to
October 2023, was performed in PubMed (Medline) and was then
adapted for use in other databases, namely, Scopus, and Web of Science
with sensitive relevant keywords and MeSH terms (osteosarcopenic
obesity OR osteosarcopenic adiposity, OR osteoporotic, OR osteosarco-
penia, OR osteopenia, OR osteoporosis, OR bone mineral density, AND
sarcopenia, OR sarcopenic, OR dynapenia, and obesity, OR adiposity,
OR body fat). These were combined with the outcome terms: cardio-
vascular diseases, OR coronary artery disease, OR diabetes OR dyslipi-
demia, OR heart disease, OR heart failure, OR hyperlipidemia, OR
hypertension, OR insulin resistance, OR metabolic abnormalities/
metabolic syndrome, OR NAFLD, OR non-alcohol fatty liver disease, OR
stroke. To avoid overlooking applicable articles, we also reviewed the
reference lists of relevant articles and reviews, as well as the applicable
articles that were in print or published after the search was completed
extending to the end of 2023.

The eligibility criteria were as follows: 1) Participants aged > 18
years; 2) Studies with a clear definition of osteosarcopenic adiposity/
obesity (OSA/0SO); 3) Studies in which all three tissues (bone, muscle/
lean, adipose) were assessed, although OSA prevalence was not required
to be reported (but could be estimated); 4) All kinds of studies, including
cross-sectional, retrospective, and prospective with an observational or
experimental design; 5) Adverse outcomes were defined as any of the
conditions within the cardiometabolic cluster of diseases (as listed above
in Introduction and Search strategy).

Articles with unusable information and studies conducted on preg-
nant women, children and adolescents, and animals were excluded, as
was the “gray literature” (conference abstracts or abstracts only, letters,
etc). The screening was performed independently by four authors (D.R.
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M., A.A., S.P., V.V.). Based on the predefined inclusion and exclusion
criteria, the authors selected potentially eligible articles, with a 10%
double-checking. In addition, studies in which participants did not have
all three components of body composition (bone, muscle/lean, and fat)
measured to identify OSA, or in which all three components of body
composition could not be related to the outcome/exposure variables,
were excluded. The final selection of articles was made (by J.Z.I., V.V,
and 0.J.K.) in compliance with the inclusion/exclusion criteria listed
above.

2.2. Data extraction

Two independent authors (J.Z.1., B.P.) extracted the data from the
included articles (Tables 1 and 2). Assessment tools for the identification
of OSA/0SO, various questionnaires, and/or lab analyses were evalu-
ated as well. The participants with OSA/OSO having any of the condi-
tions listed above were compared with those having the same condition
and none, one, or more body composition impairments (osteoporosis,
sarcopenia, obesity-only, osteopenic adiposity, sarcopenic adiposity). In
some studies, the healthy participants were used for comparison and
such studies were included in this review as well.

3. Results

The PRISMA flowchart illustrating the study selection process is
shown in Fig. 1. Briefly, upon review of the literature, 539 articles from
three databases were recognized. After removing duplicates and
excluding abstracts, review papers, commentaries, and letters, 154 ar-
ticles were identified. Of these, 132 articles were excluded as having no
relevant outcome, upon the title and abstract screening. Twenty-two
articles underwent a full review, of which 10 were excluded as being
ineligible. Finally, 15 articles (12 from the original search and three,
either published after the search was completed or found from reference
lists), met the eligibility criteria and were evaluated in this review.

The evaluated articles were divided into two groups based on the
type of disease that was investigated in relation to OSA. These included:
1) OSA and cardiovascular disease (CVD) and its risk factors with six
articles evaluated (Table 1); 2) OSA and metabolic abnormalities with
nine articles evaluated (Table 2). Overall, three articles did not directly
report the OSA prevalence (Ilich et al., 2022; Sa et al., 2023; Stefanaki
et al., 2016) but based on the included measurements of bone, lean, and
adipose tissue, a full assessment could be performed and thus, these
studies were included as well.

Table 1 presents the characteristics and results of studies with OSA/
0OSO and CVD and/or its risk factors. Despite an intensive literature
search and numerous articles published examining the relationship be-
tween individual body composition compartments and CVD and/or CVD
risk factors, only six studies were found with all three body composition
components to allow for an estimate of OSA phenotype. The studies
included two conducted in China (Chen et al., 2019; Mo et al., 2018) and
one study each in the population of Iran, the USA, Brazil, and Japan
(Ahmadinezhad et al., 2023; Ilich et al., 2022; Sa et al., 2023; Sasaki
et al., 2020), and were published between 2018 and 2023. Altogether,
studies included 7178 participants, (~78%) women. The age range was
wide, particularly in the Chinese samples (20-95 years), with a mean
age in most of the studies between 55 and 70 years. All studies were
cross-sectional, except the Ilich et al., (Ilich et al., 2022) study which was
a randomized clinical trial conducted over 6 months.

Table 2 presents an overview of the results and characteristics of nine
studies with impaired metabolic health (including inflammation, albu-
min levels, insulin resistance, components of metabolic syndrome, hy-
perglycemia, hypertension, and non-alcohol fatty liver disease (NAFLD))
and its potential relationship with OSA/OSO phenotype. Three of these
studies were conducted in Italy (Moroni et al., 2023; Perna et al., 2018;
Stefanaki et al., 2016), one each in Japan, South Korea, China, and
Taiwan (Kashiwagi et al., 2021; Lee, 2020; Nie et al., 2022; Su et al.,
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2021), and two in Croatia (Cvijetic et al., 2023; Keser et al., 2021) and
were published between 2016 and 2023. Altogether, the studies
included 14064 participants (~60% women), ranging in mean age from
19.5 to 95 years.

4. Discussion
4.1. Cardiovascular diseases (CVD)/cardiovascular risk factors and OSA

The results are presented in Table 1. Both Chinese studies (Chen
et al., 2019; Mo et al., 2018) included several indigenous ethnic groups
(Maonan, Mulam, Yao, Hmong, and Jing) from the Guangxi Province
with significant differences in their genetic and morphological back-
ground. Mo et al. included only women stratified into younger and older
cohorts (<60 and >60 years) and examined the association of OSA with
dyslipidemia, while Chen et al., (Chen et al., 2019) included both
women and men over 50 years and examined the association between
OSA and hypertension. Although the OSA prevalence was generally low
in both studies, it was comparable to that in some other studies (Kim
et al., 2017; Szlejf et al., 2017) and as expected, higher in older than
younger participants.

The main findings of the Mo et al., (Mo et al., 2018) study revealed
the ethnic-specific differences in the prevalence of both dyslipidemia
and OSA. Additionally, dyslipidemia was strongly associated with
multiple adverse body composition outcomes, especially for those par-
ticipants with OSA, regardless of age. There are several proposed
mechanisms as to how dyslipidemia may affect bone, muscle, and adi-
pose tissues. For example, oxidized circulating low-density lipoproteins
(LDL) may shift the mesenchymal stem cell differentiation to the
adipocyte lineage, away from osteoblasts and myocytes. This would
promote adipocyte infiltration into bone and muscle with the resultant
weakening of both tissues (Ilich et al., 2014a; Yamaguchi, 2011).
Increased adiposity (local and systemic) elevates the levels of inflam-
matory cytokines such as interleukin (IL-6) and tumor necrosis factor
(TNF-a), which may induce further lipid infiltration into the bone and
muscle (Petersen et al., 2007). This suggests that fat infiltration of bone
and muscle negatively affects homeostasis and at the whole-body level
may induce insulin resistance (IR). Additionally, the loss of muscle mass
results in decreased muscle-glycogen synthesis, possibly due to reduced
type 1 fibers, mitochondrial dysfunction, and inflammation accelerating
IR in skeletal muscle (Liu and Zhu, 2023). Since there is a storage limit of
muscle glycogen, the remaining extra glucose may be diverted to the
liver where it is converted to fat stimulating hepatic de-nuovo lipogen-
esis and increasing systemic inflammation.

The results from the Chen et al., (Chen et al., 2019) study showed
various levels of osteoporosis, sarcopenia, and obesity and significantly
different prevalence of hypertension among the ethnic groups, the latter
higher in men than women and also higher than in the overall Chinese
population (Lu et al., 2017) or some other minority populations (Li and
Yu, 2012). As indicated by the authors, these minority groups live in
poverty-stricken mountainous areas typified by the lack of healthcare
access and low general knowledge about healthy lifestyles, which could
help explain the differences with the general Chinese population.
Although systolic and diastolic blood pressure was the highest in both
women and men with OSA, hypertension was significantly higher only
in women with OSA but not in men with OSA, compared to those
without OSA (possibly due to the low number of participants in each
group and lack of statistical power). The positive relationship between
OSA and hypertension is expected considering that each of the deteri-
orated body composition components is independently associated with
elevated blood pressure. Such relationships are well established in the
obesogenic states, even in very young individuals (Kim et al., 2016) or in
adults, even when adjusted for comorbidities (Movahed et al., 2016).
Moreover, a study in postmenopausal women showed that over 60% of
those with osteoporosis had hypertension (Rasic¢ and Tasi¢, 2009) while
Yang and colleagues (Yang et al., 2014) demonstrated that high blood
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Table 1

Characteristics and results of studies with osteosarcopenic adiposity/obesity (0SA/0SO)" and cardiovascular disease (CVD) and risks in ascending order of publishing year.

Reference, Country, Study Diagnostic criteria & Instruments Sample size,n ~ Age OSA/0SO Assessment Compared to” Outcomes in OSA
Studied topic Setting Design Bone Lean/Muscle Adipose (%)/ (years) Prevalence” Tools group (or others if
Intervention n (%) indicated)
Mo et al. Guangxi C-S T-score <-1 to ASM/ Ht% BF%: Total, Overall: Younger group: BIA TANITA; Ethnicities; -Signif. higher rates
(2018), OSA Province, Inclusion/ include Ethnic two upper n=2315; Range Maonan, n=1 SONOT3000; Age and of OSA in older
and China: Exclusion osteopenia/ specific quintiles; Maonan, 20-95; (0.4), Ultrasound bone presence of groups vs younger of
dyslipidemia Maonan, Criteria applied osteopor; cutoff With BIA n=446 Mean Mulam, n=1 densitometer; Routine dyslipidemia in Maonan, Mulam,
Mulam, Yao (both parents of With UBD values; (younger, Maonan: 0.4), lab equipment (for each ethnicity; and Hmong
and Hmong same ethnicity) With BIA n=264, older, Younger, Hmong, n=3 blood analyses) Body ethnicities;
ethnic groups; n=182); 40.1, (0.6), composition -No OSA in Yao
All Women Mulam, Older, Yao (0) (OSA/two/ women, thus,
n=437 67.1; Older group: one/zero prevalence of OSA is
(younger, Mulam: Maonan, n=9 components) ethnic-specific;
n=255, older, Younger, (4.9), -Signif. positive
n=182); 46.8; Mulam, n=23 association with
Yao, n=672 Older, (12.6), dyslipidemia and
(younger, 67.8 Hmong, n=31 OSA in both younger
n=458, older, Yao: (11.5) and older women in
n=214); Younger, Yao (0) ethnic groups
Hmong, 45.0,
n=760 Older,
(younger, 67.8
n=491, older, Hmong:
n=269) Younger,
44.7
Older,
69.3
Chen et al. Guangxi C-S T-score <-1 to ASM/ Ht% BF%: Total, n=1939 Mean: Overall F, n=26 BIA TANITA, MC-180 Ethnicities; M -Signif. ethnic
(2019), OSA Province, Inclusion/ include Ethnic- F>32; (59.7% F); F, 65.4; (2.3); body; Achilles Express vs. F in each differences in
and China: Exclusion osteopenia/ specific M>25 Jing, n=459; M, 66.8 M, n=7 (0.9); Ultrasound bone ethnicity; hypertension
hypertension Jing, Maonan, Criteria applied osteopor; cutoff With BIA Maonan, Jing F (0.7), densitometer; OMRON (OSA, two/one/  prevalence;
Yaoand Hmong  (parents mostly of ~ With UBD values, n=514; Maonan F (3.2); HEM-1000 Zero -Higher prevalence
ethnic groups, same ethnicity/ With BIA Hmong Yao F (0.4); electronic component); of hypertension in M
M and F (91% group) n=>535; Hmong F (3.5); sphygmomanometer; Participants than in F in 3 groups
postmeno- Yao, n=431 Jing M (0), Demographic with (Hmong,
pausal) Maonan M (0.9); and health status hypertension Maonan, Yao);
Yao M (0), questionnaires vs. normal -Signif. higher

Hmong M (2.3)

prevalence of
hypertension in F
with OSA than
without OSA;

-No higher
Hypertension
prevalence in M
with OSA than
without OSA;
-Highest SBP and
DBP in OSA
participants in all
four ethnicities;
-Higher prevalence
of sarcopenia in M
than F in Maonan
group, and lower in
M than in F in

(continued on next page)

™3P YN ZT

9zZEZ0I (FZOT) 86 SMA11Y Y2153y Sutasy



Table 1 (continued)

of total needs)
to all
participants

o Reference, Country, Study Diagnostic criteria & Instruments Sample size,n  Age OSA/0SO ) Assessment Compared to” Outcomes in OSA
2 Studied topic Setting Design Bone Lean/Muscle Adipose %)/ (years) Prevalence” Tools group (or others if
g% Intervention n (%) indicated)
% ;‘:‘ Hmong, Jing and
83 Ya'o groups;
N ; -Higher prevalence
] of osteoporosis and
E a obesity in F than M
z8 in all four groups
.§ Z Sasaki et al. Kurume, Japan; C-S; T-score <-1 to SMI: BF%: Total, n=390 CD, 68 CVD patients, BIA; Achilles UBD; CVD vs CD -Signif. higher
3 é“. (2020), OSA Community Inclusion/ include F<5.7 kg/ F>38; CD, n=230; (range: n=7 (4.4); Motor function/ AND prevalence of OSA,
% 8 and patients dwelling (CD) Exclusion osteopenia/ m? M>27; F, n=177; 61-74); CD adults, n=2 physical performance; F vs M within sarcopenia and
. E with CVD adults; CVD criteria applied; osteopor; M<7.0 kg/ With BIA M, n=53; CVD, 67 (0.9) dynamometer; and between osteosarcopenia in
é'g patients CD adults assessed ~ With UBD m% CVD patients, (range: Routine lab equipment ~ groups; CVD than in CD;
E' 2 admitted to during regular With BIA; n=160; 62-73) (for 25(OH)D and No comparison -Signif. higher
5 § University check-up; AND F, n=60; TRACP-5b) with all body prevalence of
[ E hospital CVD patients low M, n=100 composition sarcopenia in F CVD
82 measured within 5 handgrip components in than in M;
g g days after strength: healthy range -Signif. higher
23 admittance and F<18 kg; prevalence of
B % stable M<26 kg; osteosarcopenia in F
5_ 5‘ or low gait CVD than F CD;
§ ® speed -Lower BMC and T-
g"g <0.8 m/sec score in F CVD than
g F CD;
é g -Lower grip strength
;.\J and gait speed in all
S5 o CVD;
% g -Lower serum 25
<2 é‘ (OH)D and zinc in
3= CVD than in CD in
g g. both F and M;
95 -Higher body and
26 visceral fat in M CVD
;ﬁ? E than M CD;
= 3_; -Lower serum
S E albumin and Ca in F
Ra CVD than F CD;
=% -Higher TRACP-5b
zz in F CVD
é' » NoPlich et al. United States, Inclusion/ T-score <-1 for Total lean BF%: At baseline: Mean Not reported; iDXA; Baseline values; -All participants
;»L § (2022), OSA CD; White, Exclusion hip and/or mass (kg); Average at n=135 (dairy, 55.8 at All three body Routine lab equipment Groups after 6 improved (due to
© 5 and CVD risk healthy criteria applied; spine to Android baseline 45.9; n=64, Ca/vit base-line; composition and ELISA (for blood months of weight loss) in:
g & factors; postmeno- 6-month include lean (kg) With iDXA D, n=62, 6.6 years components and urine samples); intervention cardiometabolic
20 Secondary pausal women intervention with osteopenia (no Gynoid placebo, since were measured 3-day dietary records; indices (BP, TC,
g "ET analysis to with three randomized women with lean (kg); n=62); meno- and evaluated at  Activity records triglycerides,
& 8 Ilich et al. overweight/ groups (dairy, osteoporos With iDXA At 6-month: pause baseline and insulin, leptin,
§ § (2019) obesity Ca+vitamin D were n=97 (dairy, after 6 months of adiponectin, ApoAl,
g E supplements, recruited); n=32, Ca/vit intervention ApoB)
33 placebo); With iDXA D, n=37, -Dairy group: Signif.
é a All samples placebo, decrease in BP, TC,
£ blinded for n=30); LDL-C, TC/HDL-C,
2= analysis Energy (85% ApoB, leptin; signif.
g

increase in

adiponectin, ApoAl;

Supplement group:
(continued on next page)
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Table 1 (continued)

Reference, Country, Study Diagnostic criteria & Instruments Sample size, n Age OSA/0SO Assessment Compared to’ Outcomes in OSA
Studied topic Setting Design Bone Lean/Muscle Adipose %)/ (years) Prevalence” Tools group (or others if
Intervention n (%) indicated)
Dropout: -Signif. decrease in
28.2% BP, triglycerides,
Imputed LDL-C, ApoB, leptin;
analyses for signif. increase in
missing data HDL-C, adiponectin,
ApoAl
NoPg4 et al. Recife, Brazil, C-S; Inclusion/ BMD, 1.13 g/ Lean mass, BF%, Mean Total, n=60; Mean Not reported; DXA; Standard Degree of - Signif. positive
(2023), OSA University Exclusion criteria cm?; 45.0%; 46.6; F, n=47 (78); 38.9; Commor- anthropo-metry; obesity; association of
and CVD risk hospital; applied; Patients BMC, 2.3 kg; Lean Mass Abdominal fat M, n=13 (22) Range, bidities, n=52 Standard biochemical Volume of abdominal fat with
factors Patients in with II, III, IV and Z-score, 0.03; Index, %, Mean, 47.9; 22-59 (86.7); analyses; abdominal fat CVD risk;
preope-rative V degrees of With DXA 20.4 kg/ With DXA; 25(0OH)D Insuffi-  Lifestyle -Signif. negative
assessment for obesity, but less m? BMI, Mean ciency, n=42.8 questionnaires correlation of LM
bariatric than 158 kg due to With DXA 47.3 kg/mz; (71.4) with BMI, WC, FM,
surgery DXA limitation Range, abdominal fat,
(2018-2019) 36.8-66.2 kg/ fasting glucose;

m? -Negative
association of
alcohol intake and
physical activity
with CVD risk

Ahmadi- Bushehr, C-S; Inclusion/ T-score <-1 SMI: BF %, Total, Mean: Total, n=464 DXA; Standard OSA vs non- - Signif. negative
nezhad et al. Iran, Bushehr Exclusion criteria for hip and/or F<5.7 kg/ F>32; n=2339; OSA (19.8) anthropo-metry; OSA, in both F association of
(2023), OSA Elderly Health applied; (cancer spine to m?% M>25; F, n=1202 F, 71.7; F, n=266 (22.1); Standard biochemical and M hypertriglyceri-
and CVD risk (BEH) Program patients excluded) include M<7.0 kg/ With DXA (51); M, 74.8; M, n=198 analyses; demia and
factors osteopenia/ m?; OR M, n=1136 Non-OSA (17.4); 24-h dietary recall; hypertension with
osteopor; With DXA; BMI>30 kg/ (49) F, 68.3; Physical activity OSAinF
With DXA AND m? M, 68.4 questionnaire -Signif. positive
low association of
handgrip diabetes with OSA in
strength: M;
F<18 kg; -Signif. positive
M<26 kg; association of age
or low gait with OSA in both M
speed and F;
<0.8 m/sec -Signif. negative
association of
education,
physical activity,
and protein intake
with OSA in M & F
Abbreviations:

25(0H)D: 25 hydroxyvitamin D; ApoAl: apolipoprotein A1l; ApoB: apolipoprotein B; ASM/Ht appendicular skeletal muscle adjusted for height; BF: body fat; BIA: bioelectrical impedance analysis; BMC: bone mineral
content; BMD: bone mineral density; BMI: body mass index; BP: blood pressure; Ca: calcium; CD: community dwelling; C-S: cross-sectional; CVD: cardiovascular disease; DBP: diastolic blood pressure; DXA: dual energy
absorptiometry; ELISA: enzyme-linked immunosorbent assay; F: females; FM: fat mass; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; M: males; SBP: systolic blood pressure; SMI:
skeletal muscle index; TC: total cholesterol; TRACP-5b: tartrate-resistant acid phosphatase 5b (marker of bone resorption); T-score: for identification of osteopenia/osteoporosis; UBD: ultrasound bone densitometer; WC:
waist circumference.

1 0SA/0SO terms are used interchangeably.

2 prevalence includes both pre- (with osteopenia and/or pre-sarcopenia) and full OSA/OSO.

3 OSA/0SO participants compared to those with one or more body composition impairments (e.g., osteopenia/osteoporosis, osteosarcopenia, sarcopenia, sarcopenic obesity, obesity/adiposity alone), or normal.
NoPStudies not reporting/calculating the prevalence of OSA/OSO, but still analyzing three body composition compartments from which OSA/OSO prevalence and/or its relation to exposure variables could be derived.
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Table 2

Characteristics and results of studies with osteosarcopenic adiposity/obesity (OSA/OSO)" and metabolic abnormalities in ascending order of publishing year.

Reference, Country, Study Diagnostic criteria & Instruments Sample size,n  Age OSA/0SO Assessment Compared to” Outcomes in OSA/
Studied topic Setting Design Bone Lean/Muscle Adipose (%) (years) Prevalence” Tools 0SO group (others if
n (%) indicated)
NoPgtefanaki et al. Venice, Italy; Nested case- NR; NR; Skeletal BF%: Total, Mean NoP; BIA-ACC Healthy weight, Overweight Group:
(2016), OSA in Young, healthy control; Total bone mass muscle F >32; n=2551; ~19.5 for  Overweight/ BioTekna®; age- and gender- -Signif. higher FM,
young adults and participants Inclusion/ ranged from 3.6 to  ranged from M >25; Overweight/ each obese group Nephelo-meter (BN matched IMAT, CRP, evening
inflamma-tion from medical Exclusion 4.6 kg; 35.7% to With BIA-ACC obese, group and  had lower 100); counterparts salivary cortisol;
centers (derived Criteria With BIA-ACC 41.1%; n=1479; sex values for Automatic creatinine;
from a larger applied With BIA- M, n=74 (5); bone and electrochemilumi- -Signif. lower FFM,
sample), both M ACC F, n=1405 muscle when nescence analyzer skeletal muscles (kg),
and F (95); adjusted for SMI, bones (kg),
Normal weight, phase angle, total
weight, compared to body water, basal
n=1072; lean group metabolic rate;
M, n=900 -Signif. higher ECW
(84); (%) in F;
F,n=172 (16) -Signif. lower ECW
(L) in M;
Total sample
-Signif. correlation of
bone mass (kg) &
muscle mass (kg)
Perna et al. Pavia, Italy; C-S; T-score <-1(to SMI: BF%: Total, n=801; Mean OSA, n=55 DXA; 8 groups: OSVAT:
(2018), OSA Patients in the Inclusion/ include F <5.5 kg/ F >38; Healthy body ~80; (6.8); CT; HPLGC; Healthy body -Signf. higher risk of
(including post-acute Exclusion osteopenia/ m?% M >27; comp, Varied OSSAT, Automatic comp., OSVAT, fracture (by FRAX
visceral and geriatric care Criteria Osteopor); M <7.2kg/ VAT & SAT in n=41 (5.1); from 75.9 n=17 (2.1); biochemical OSSAT, Other assessment),
subcuta-neous unit, both M and applied With DXA; m? android region; Obese, n=57 for OSVAT, analyzer; combination of -Trends to worse
fat) and F FRAX index for 10- ~ With DXA With DXA; (7.1); healthy to  n=38 (4.7) Dynamo-meter; OSA components metabolic profile
metabolic profile year fracture risk Transfor-med Sarcopenic, 82.4 for Bioelectrical OSVAT & OSSAT:
and fracture risk assessment to CT to n=16 (2); OSVAT impedance vector -Trends to higher
generate VAT/ Osteopenic/ analysis with single- CRP and
SAT ratio (>1 osteopor., frequency bioimpe- inflammation;
visceral n=452 (56.4); dance (hydration -Trends to lower
obesity, <1 Sarcopenic assessment) albumin
subcutan-eous obese, n=27
obesity (3.3);
Osteopenic
obese, n=63
(7.9);
Osteo-
sarcopenic,
n=90 (11.2);
Overall OSA,
n=55 (6.9)
Lee et al. (2020), South Korea; C-S; T-score <-1 for hip SMI: BF%: Total, Mean, Based on BF DXA; Normal; -For obesity defined
OSA and insulin KNHANES Inclusion/ and/or spine (to F <5.7 kg/ F >35; n=4500; 62.9 % calorimetry One or two by BF%, odds ratio
resistance (2008-2011); Exclusion include m? M >25; F, n=2433 (HOMA- M, n=119 (glucose); IRMA components for for IR were: groups
Men and Criteria osteopenia/ M <7.2 kg/ With DXA (54.1%); IR <2.5); (5.8); (insulin) 0SA; with obesity and
postmeno-pausal  applied; osteopor); m? (Asian Or BMI M, n=2067 63.3 F, n=175 Divided in groups osteopenic obesity >
women Participants With DXA reference); >25 kg/m2 (45.9) (HOMA- (7.2); by HOMA-IR sarcopenic obesity
with diabetes With DXA IR >2.5) Based on levels and OSA
excluded 62.5 BMI >osteopenia and
M, n=8 sarcopenia > OSA;
(0.4); -For obesity defined

by BMI, odds ratio

(continued on next page)
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Table 2 (continued)

Reference, Country, Study Diagnostic criteria & Instruments Sample size,n  Age OSA/0SO Assessment Compared to” Outcomes in OSA/
Studied topic Setting Design Bone Lean/Muscle Adipose (%) (years) Prevalence” Tools 0SO group (others if
n (%) indicated)
F, n=17 for IR were: obesity
0.7) co-existent groups >
obesity non-
coexistent groups;
-No difference within
obesity co-existent
groups
Su et al. (2021), Taiwan; C-S; T-score <-1 to Grip BF%: Total, Mean, Total, DXA; Controls -Signif. positive
OSA components Urban areas; Inclusion/ include strength: F >35; n=2991; 58.6; n=141 (4.7); Dynamo-meter OSA-0, no relationship between
and metabolic From Health Exclusion osteopenia/ F <18kgM M >25; F, n=1258 Control F, n=68 (TKK-5401); impairment; OSA- metabolic syndrome
syndrome Management Criteria osteopor; <28 kg With DXA (42.1) 55.6; (5.4); Biochemical 1 (osteoporosis, or ~ with OSA-2 and OSA-
Center data base applied; With DXA From Asian M, n=1733 OSA 64.7 M, n=73 analyzer sarcopenia or 3 (not with OSA-0 or
(2016-2018 Metabolic Working (57.9) (4.2); adiposity); OSA-2 0SA-1);
syndrome Group on Metabolic (osteosarco-penia,  -Other factors
diagnosed by Sarco- Syndrome or osteopenic influencing OSA-2
WG, blood penia; prevalence: adiposity, or and OSA-3:
pressure, With Total, n=672 sarcopenic Older age, F sex, lack
serum Dynamo- (22.5); adiposity); of exercise, full-time
glucose, and meter OSA, n=40 OSA-3 (all) employment
lipids (6)
Kashiwagi et al. University Retro-spective; BMD at spine ASM/Ht: BF%: Total, n=614; Mean, 66.9; Total, DXA; 3 groups: -Signif. association of
(2021), OSA and Hospital Inclusion/ and femoral F <54 kg/mz; F >30; F, n=337 F, 66.7; n=36 Ultrasound (for fatty =~ -No NAFLD; OSA with non-obese
NAFLD Tokyo, Japan Exclusion neck; M <7.0 kg/m2 M >25; (55); M, 67.1 (6); liver diagnosis); -Obese NAFLD; NAFLD in females,
criteria applied to For osteopenia  (Asian With DXA M, n=277 F, n=32 Medical records for -Non-obese after controlling for
include NAFLD 70-89% of references); (45) 9); clinical data; NAFLD confounders;
patients and YAM; With DXA M, n=4 Lifestyle questio- -Males were not
matched healthy For osteopor 1) nnaires examined due to low
controls <70% of prevalence of OSA
YAM;
With DXA
Keser et al. Zagreb, Croatia; C-S; T-score <-1 S-score <-1 BF%: Total, n=84; Mean, 83.5; Total, BIA-ACC BioTekna® Osteopenic -Signif. higher ECW,
(2021), OSA and Nursing Home Inclusion/ for total bone With BIA- ACC F >32; F, n=69 (82); Range n=45 24-h dietary recall; adiposity; (indicating higher
inflamma-tion in Exclusion mass M >25 M, n=15 (18) 65.3-95.2 (53.6); Other questio- Adiposity only; inflammation);
nursing home criteria applied With BIA-ACC With BIA- F, n=37 nnaires No normal body -Signif. lower phase
residents ACC (53.6); comp. angle (indicating
M, n=8 lower cell integrity
(53.3) and muscle quality)
Nie et al. (2022), Harbin Medical C-S; T-score <-1 ASM/Ht?: BF%: Total, n=648; Mean, 0SA-3, DXA; Controls OSA-3 (adjusted for
OSA and systemic University Inclusion/ for femoral F <5.4 kg/m?; F >32; F, n=416 67.2; n=107 Dynamo-meter; 0SA-0, no confounders):
inflamma-tion China; Exclusion neck, hip, and M <7.0 kg/m2 M >25; (64.2); 0SA-3, 69; (16.5); 4 m walk test; impairment; OSA- -Signif. positive
Older adults (> criteria applied lumbar spine (Asian With DXA M, n=232 Healthy OSA-2, Standard 1 (osteoporosis, or  association with
60 y) (excluded those (to include references); (35.8) controls n=292 biochemical sarcopenia or systemic
with serious osteopenia/ With DXA (OSA-0), 64.0 (45.1); analyses; adiposity); OSA-2 inflammation
metabolic, osteopor); AND 0SA-1 Standard anthropo- (osteosarco-penia, response-index,
endocrine With DXA Grip strength: n=196 metries; Activity or osteopenic neutrophil-to-
diseases, or F<18.0 kg; (30.25); and lifestyle questio-  adiposity, or lymphocyte ratio,
fractures, and use M<28.0 kg; OSA-0 nnaires sarcopenic platelet-to-
of medications With Dynamo- adiposity); lymphocyte ratio,
affecting bone meter OSA-3 (all) aggregate
metabolism) and/or low gait inflammation
speed systemic index;
(<1.0 m/s) -Signif. inverse

correlation with

(continued on next page)
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Table 2 (continued)

cholesterol, albumin,
and calcium;
Sarcopenia:

-Signif. positively
associated with age
ESR and CRP;

Signif. negatively
with BMI, serum
cholesterol, iron,
albumin

o Reference, Country, Study Diagnostic criteria & Instruments Sample size,n  Age OSA/0SO Assessment Compared to” Outcomes in OSA/
2 Studied topic Setting Design Bone Lean/Muscle Adipose (%) (years) Prevalence” Tools 0SO group (others if
e n (%) indicated)
58
& lymphocyte-to-
Y monocyte ratio
IS35] L ™
N -Signif. positive
] correlation with
E g age, coronary heart
I3 g disease, BF%, total
.§ Z cholesterol and LDL;
8o Sienif .
2 e ignif. negative
% 8 correlation with
- alcohol
é g consumption,
ZR=R regular exercise,
< Z .
5 = sunlight exposure
[ E Cvijeticet al. Zagreb, Croatia; C-S; T-score <-1 S-score <-1 BF%: Total, n=365; Mean, 83.7 Total, BIA-ACC Osteopor and/or -No difference in
82 (2023), OSA and Six Nursing Inclusion/ for total bone With BIA- ACC F >32; F, n=296 F, 84.3 n=242 BioTekna®; sarcopenia and/or  OSA prevalence or
g g inflamma-tion Homes Exclusion mass; M >25; (81); M, 83.1 (66.3); MNA; obesity alone; nutritional status in
F2sY during COVID in criteria applied With BIA-ACC With BIA- M, n=69 F, Other questio- No normal body those with or
3 g nursing homes ACC (18.9) n=209 nnaires comp. without COVID;
5_ g‘ residents (70.8); No COVID; COVID -Signif. higher ECW;
§ ® M, n=33 survivors -Signif. lower phase
?; Ué (47.8) angle;
g -Lower total bone
Z 8 mass;
23 .
i -Higher IMAT
E' =1 © Moroni et al. Pavia, Italy; C-S; T-score <-1 SMI: BF%: Total, Mean, 75.9; Total, DXA; Biochemical Sarcopenia; OSA:
g, % (2023), OSA and Patients in Inclusion/ for femoral F <5.5 kg/m?% F >32; n=1510; Adult n= 29 analyzer Sarcopenic -Signif. positively
= é‘ metabolic metabolic Exclusion neck to M <7.3 kg/mz; M >25; F, n=1100 (<65y); (1.9); obesity; associated with
5_ =X abnormal-lities rehabilitation Not indicated include With DXA VAT: (72.8); F, 50.2; Adult Osteosarco-penia; glycemia and gGT;
S‘ E unit, University osteopenia/ F>1134 g; M, n=410 M,49.9; F, n=0; Sarcopenic Obesity:
95 of Pavia; osteopor; M>1859 g; (27.2) Oldest M,n= 2 -Signif. positively
g ° both M and F With DXA With DXA; (66-84 y); (4.3); associated with age,
& E F, 77.2; Oldest ESR; serum ferritin,
=8 M, 76.6; F,n=8 and CRP;
@ =3 Oldest-old (1.1); Signif. negativel
=3 8! 8 y
Ra (>84y); M, n= with BMI, serum
=% F, 89.5; 14 (4.5); albumin, and iron;
z % M, 88.8 Oldest- Osteosarcopenia:
é' » old -Signif. positively
= o
=g F,n=4 associated with age
gE 1.7); and ESR;
—< Lo .
g & M, n=1 Signif. negatively
2 o) (1.9) with BMI, serum
ZE
=]
5
go
im
D »
Qo
g 2.
T8
a
=]

Abbreviations:

ASM/Ht*: appendicular skeletal muscle adjusted for height; BF: body fat; BIA-ACC: bioelectrical impedance analysis with BioTekna®; BMD: bone mineral density; COVID: coronavirus disease; CRP: C- reactive protein; C-S:
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cross-sectional; CT: computerized tomography; DXA: dual-energy absorptiometry; ECW: extracellular water; ESR: erythrocyte sedimentation rate; F: females; FFM: fat-free mass; FM: fat mass; FRAX: fracture risk

assessment tool; gGT: gamma-glutamyl transferase; HPLC: high-performance liquid chromatography; HOMA-IR: homeostatic model assessment for insulin resistance; IMAT: intermuscular adipose tissue; IR: insulin

resistance; IRMA: immunoradiometric assay; KNHANES; Korea National Health and Nutrition Examination Survey; M: males; MNA: mini nutritional assessment; NAFLD: nonalcoholic fatty liver disease; NR: not reported;

OSSAT: osteosarcopenic subcutaneous tissue; OSVAT: osteosarcopenic visceral adipose tissue; SAT: subcutaneous adipose tissue; SMI: skeletal muscle index; S-score for identification of sarcopenia; T-score for identi-

fication of osteopenia/osteoporosis; VAT: visceral adipose tissue; WC: waist circumference; YAM: young adult mean.

1 OSA/0SO terms are used interchangeably.

2 Pprevalence includes both pre- (with osteopenia and/or presarcopenia) and full-blown OSA/OSO.

3 OSA/0SO participants compared to those with one or more body composition impairments (e.g., osteopenia/osteoporosis, osteosarcopenia, sarcopenia, sarcopenic obesity, obesity/adiposity alone), or normal.

NoPStudies not reporting/calculating the prevalence of OSA/0SO, but still analyzing three body composition compartments from which OSA/OSO prevalence and/or its relation to exposure variables could be derived/

estimated.

10

Ageing Research Reviews 98 (2024) 102326

pressure was a risk factor for osteoporosis and fragility fractures. This
could be attributed to the hypertension-induced loss of calcium (and
other minerals) in urine and/or hyperparathyroidism, all leading to
increased bone resorption (Canoy et al., 2022; Cappuccio et al., 2000,
1999). Similarly, sarcopenia and sarcopenic obesity have also been
linked with hypertension. A study conducted by Park and colleagues
(Park et al., 2013) revealed that the risk of hypertension was 2.5 times
higher in Korean women with sarcopenia and more than 6 times higher
in those with sarcopenic obesity than in the control group. This suggests
that hypertension-induced arterial stiffness, as well as the presence of
obesity, either leads to or worsens sarcopenia and sarcopenic obesity.
There are numerous mechanisms of action for these relationships and
these are out of scope for this review.

Both (Chen et al., 2019; Mo et al., 2018) studies, despite the limi-
tations and complex analyses, show a higher presence of dyslipidemia
and hypertension in women with OSA compared to those without OSA,
indicating higher risks for CVD in women with OSA. In both studies,
body composition indices were assessed by BIA which is a well-validated
method. Bone mineral density (BMD) was estimated by an ultrasound
bone densitometer which may have underestimated the prevalence of
osteoporosis (Lewiecki and Lane, 2008). The ethnic differences held for
the OSA prevalence as well (see Table 1). The minority groups in both
studies were reported to have significant differences in their genetic and
morphological background, providing the justification for studying
them. However, since not much is known about the genetic, environ-
mental, and other demographic characteristics of these specific ethnic
groups, the overall relevance is hard to appreciate. Conversely, the
mechanisms leading to positive relationships with OSA could hold for
other ethnicities and populations.

The Sasaki et al., (Sasaki et al., 2020) study, to our knowledge, is the
only one performed in Japan to determine the OSA phenotype and its
components in hospitalized patients with CVD. They were compared to
community-dwelling adults with medical data from their regular clinical
check-ups. Not surprisingly, the hospitalized patients (clinically stable)
with CVD presented with significantly more comorbidities (hyperten-
sion, dyslipidemia, type 2 diabetes) compared to the
community-dwelling adults. Other markers of CVD risk factors were also
more pronounced in patients, including those potentially linked to body
composition, such as lower serum calcium, vitamin D, zinc, albumin,
and higher bone resorption markers. The components of body compo-
sition as well as measures of functional performance were also lower in
patients with CVD. The authors used non-standard terminology in
naming the components of body composition; sarcopenic obesity,
osteosarcopenia, and OSA were all referred to as subtypes of sarcopenia.
The OSA prevalence was 4.4% in patients with CVD compared to 0.9% in
community-dwelling adults. The overall prevalence of sarcopenia was
16.9% and 4.3% for patients with CVD and community-dwelling adults,
respectively. The prevalence of sarcopenic obesity, osteosarcopenia, and
OSA was also higher in the CVD patients, compared to
community-dwelling adults (0.6% vs. 0.4%; 8.8% vs. 2.6%; and 4.4% vs.
0.9%, respectively). Notabl, the prevalence rates in Sasaki et al., study
were lower than that reported in other studies in Japan (Takayama et al.,
2018) or in the general population of similar age (Batsis et al., 2014).
Some of the reasons could be due to the diagnostic tools (e.g., the heel
ultrasound was used for bone assessment) and/or cut-offs (too high for
body fat), see (Kelly et al., 2019) which excluded many participants
resulting in a lower OSA prevalence. Overall, numerous variables were
presented in this study with two distinct groups of participants (hospital
patients vs. community-dwelling adults), each consisting of males and
females. Therefore, it was sometimes hard to interpret all the measured
variables and associated outcomes. Despite the evident disparities in
health outcomes among patients with CVD, it was not possible to
determine whether those with OSA fared worse compared to those with
other body composition impairments. There was also no asses-
sment/comparison with the group with all body composition compo-
nents in the healthy range.

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en
julio 04, 2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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Articles identified from three
databases, n=539

Ageing Research Reviews 98 (2024) 102326

Excluded reviews, book chapters,

Articles from three databases,
n=267

abstracts, letters, n=272

Title and abstract screening,
n=154

Duplicate articles removed, n=113

Articles excluded (no relevant

Full text review,
n=22

outcome), n=132

Articles excluded (not eligible),

Articles included,
n=12

n=10

Additional search and newly

Articles included in the review,
n=15

published articles, n=3

Fig. 1. Flowchart of the search process.

In both Ilich, et al., (Ilich et al., 2022) and Sa et al., (Sa et al., 2023)
studies, OSA prevalences were not reported, and the studies were con-
ducted in relatively healthy individuals, as opposed to other studies in
this review where patients were included. However, since all three body
composition components were reported, this enabled estimates of OSA,
which showed some significant relationships with certain CVD risk
factors. Additionally, the study by Ilich et al. was the only randomized

clinical trial found during this search. This study was a secondary
analysis of the original six-month randomized clinical trial of weight loss
with either 4-5 servings/day of low-fat dairy foods or calcium-+vitamin
D supplements, or placebo pills (control group), investigating their ef-
fects on weight and bone health in postmenopausal women with over-
weight/obesity (Ilich et al., 2019). The primary results showed that all
participants achieved weight loss (although moderate), but those in the

Descargado para Biblioteca Medica Hospital México (bibliomexico@gmail.com) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en
julio 04, 2024. Para uso personal exclusivamente. No se permiten otros usos sin autorizacion. Copyright ©2024. Elsevier Inc. Todos los derechos reservados.
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dairy group experienced greater loss of body fat and a slighter loss in
lean mass (in some regions) compared to the control group or the group
taking supplements. The group with calcium/vitamin D supplements
showed the best improvements in BMD compared to dairy or control
groups (Ilich et al., 2019). The secondary analysis revealed the
remarkable effects of this moderate weight loss on improvement in CVD
risk factors, namely, blood pressure, serum triglycerides, total and
LDL-cholesterol, and several other cardiometabolic risk factors (each
known for increasing oxidative stress and chronic inflammation). Such
effects were noted in all participants but were significantly better in the
dairy and/or calcium+vitamin D-supplemented groups compared to
control. It is important to note that a full-blown OSA was not present in
this population (as per inclusion criteria), however, it could be said that
the participants had pre-OSA (osteopenia only and pre-sarcopenia, in
addition to obesity). Although the participants were relatively healthy
early postmenopausal women with overweight/obesity they experi-
enced remarkable improvements in CVD risk factors after six months of
intervention.

The relationship between dairy foods and CVD risk factors has been
investigated, and both older (German et al., 2009) and recent (Giosue
et al., 2022) reviews indicated no adverse effects (some positive),
despite the presence of saturated fatty acids in dairy foods. In this
context, in the Ilich et al., (Ilich et al., 2022) study, only low-fat dairy
foods were used in the intervention and resulted in positive outcomes,
both in weight and other CVD risk factors (as noted above). The data
examining the role of dietary or supplemental calcium intake on CVD
are still controversial, although the negative relationship between cal-
cium and blood pressure is well documented (Villa-Etchegoyen et al.,
2019). For example, Larsson et al., (Larsson et al., 2013) reported a
negative relationship between dietary calcium and the risk of stroke in
participants with a low/moderate calcium intake and a positive in those
with a high calcium intake, possibly indicating a “U” curve relationship.
Other studies reported a lowering blood pressure effect of calcium
supplements, while others showed that deposition of calcium in the
vascular walls (associated with supplements) may be a cause of vascular
disease and predictive of adverse cardiovascular events, see review
(Reid et al., 2017). A recent meta-analysis evaluating the double-blind,
placebo-controlled randomized clinical trials with calcium supplements
found a 15% increased risk for CVD in healthy postmenopausal women
(Myung et al., 2021). However, in the studies where calcium supple-
ments were used with vitamin D (Hsia et al., 2007; Shah et al., 2010) as
was also the case in the Ilich et al., (Ilich et al., 2022) study, no adverse
effects were observed. Overall, although this was a secondary analysis,
and in addition to other limitations (e.g., high attrition rate, missing
data points counteracted by statistical manipulations), the data are
valuable as they reveal possible causal relationships between body
composition and CVD risk factors which can be modified by cal-
cium+vitamin D and dairy foods. Based on these results, it can be
concluded that the dietary supplementation, and accompanied weight
loss, improved all three tissues (bone, muscle/lean, adipose) which in
turn resulted in reduced risk of cardiovascular disease.

The Sa et al., (Sa et al., 2023) study conducted on Brazilian younger
(age range 22-59 years) patients awaiting bariatric surgery describes the
association between abdominal fat and CVD risks. The study was
cross-sectional and was conducted in 60 patients, predominantly
women, with ~72% having grade II and III obesity (no distinction be-
tween male and female cases was made). DXA was utilized for body
composition measurements and Framingham Risk Score for CVD
assessment. The patients in general, presented with elevated CVD risk
factors such as total cholesterol (>190 mg/dL), high-density lipoprotein
(HDL)-cholesterol (<50 mg/dL), fasting glucose (>100 mg/dL), and
serum vitamin D (<30 ng/mL). Additionally, the results showed that
patients with more abdominal fat also had even higher values for CVD
risks (including higher total and LDL-cholesterol, and fasting glucose,
but lower HDL-cholesterol, and serum vitamin D levels), as was reported
in other studies/reviews (Kelles et al., 2015; Sjostrom, 2013). These
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measures were also associated with lower bone and muscle indices. This
study highlights the importance of body fat distribution or fat allocation
when assessing associated health outcomes in young individuals with
severe obesity. Although the values for the measured bone and lean mass
appeared in the normal range (possibly overestimated due to weight),
their total body fat, including the abdominal fat, was extremely high
(>46%). This high percentage of body fat, in addition to increasing risks
for several chronic diseases and poor metabolic profile (Forte et al.,
2023), may also predispose these individuals to the development of OSA
syndrome by fat infiltration into bone and muscle; OSA is probably
inevitable in these cases (Ilich et al., 2020, 2014a). Unfortunately, the
infiltrated fat was not assessed and there was no distinction between
visceral and subcutaneous fat in the abdominal region.

As reported recently, obesity rates are increasing worldwide in
younger people. For example, from 2009 to 2020 in the USA obesity
rates increased by ~8% among the 20-44 years old individuals,
accompanied by an increase in diabetes and some other cardiovascular
risks (Aggarwal et al., 2023). This means that younger adults will pre-
sent with a growing proportion of chronic diseases associated with
obesity, including the OSA syndrome earlier, and that early detection of
risk factors is of the utmost importance. For example, the Stefanaki et al.,
(Stefanaki et al., 2016) study conducted on over 2500 apparently
healthy, young individuals, reported that those who were over-
weight/obese also had lower bone and muscle mass. In other words,
these young individuals were presenting with the OSA phenotype which
was accompanied by some unfavorable metabolic consequences (please
see the details of Stefanaki et al., study in Table 2 and the accompanied
text in the Discussion, Section 2). Although Sd et al., (Sa et al., 2023) did
not provide a direct association between OSA and CVD risk factors, it
supports the notion of OSA being designated as an “adiposity-based
chronic disease” (ABCD), described earlier (Mechanick et al., 2017).
ABCD reflects the true nature of the effects of adiposity (both adipose
tissue expansion and redistribution) on whole-body complications and
overall health (Garvey, 2022). These aspects of adiposity may often be
overlooked or may not be assessed in younger individuals. Therefore, it
is necessary to pay more attention to body composition in younger,
apparently healthy adults, as well as to develop better technology for
assessing the “hidden” fat as it can have profound negative effects.

In the Iranian study (Ahmadinezhad et al., 2023), the prevalence of
OSA and its association with adverse CVD risks was evaluated in over
2000 participants (>60 years) from the Elderly Health Program. The
overall mean OSA prevalence was 19.8% (slightly higher in women than
men) and similar to that in other studies (De Lorenzo et al., 2024). The
results showed almost a linear increase in OSA prevalence with age,
particularly in women. For example, in the age groups of 60-64 years,
65-69 years, and 70-74 years, the OSA prevalence was almost double in
women than in men. However, in the age group of >75 years in-
dividuals, the prevalence increased in men to 42.4%, compared to that
of women at 38.9%. This could be explained by the higher rate of bone
and muscle loss with very advanced age in men, as well as the higher
number of comorbidities in older men compared to older women
(Mitchell et al., 2012). The findings about the inverse relationship be-
tween OSA and hypertension, and OSA and hypertriglyceridemia, as
reported (Ahmadinezhad et al., 2023), are quite puzzling and contra-
dictory to other studies, including those discussed above (Chen et al.,
2019; Mo et al., 2018). However, upon closer examination, the partici-
pants with hypertension comprised of those taking antihypertensive
medications whereas the dyslipidemia was based on lab measurements.
Therefore, the identification of participants classified as hypertensive
may have been muddled by self-reporting use of medications and the
participants with OSA may have been more compliant with antihyper-
tensive and blood lipid-lowering medications. Furthermore, because the
participants without OSA were not seen/recorded as overweight/obese,
there may have been some bias in their clinical management; they were
assumed to have normal body composition in the absence of a high body
weight. Yet, fat mass (g/kg) was not significantly different either in
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women or men, with or without OSA.

Some studies (although rare) have shown an inverse relationship
between some individual components of body composition, e.g., sarco-
penia and hypertension. Two Japanese studies (Endo et al., 2021; Kurose
et al., 2020), reported an inverse relationship between hypertension and
pre-sarcopenia in individuals >60 years old on a rural Japanese island.
However, these two studies are unique due to the isolated and special-
ized population. Regarding the inverse relationship between hyper-
triglyceridemia and OSA, the findings could possibly be explained based
on the serum lipids-bone paradox, addressed earlier (Brownbill and
Ilich, 2006), again, only to the single body composition component;
bone, but the mechanisms are out of scope for this review. Other find-
ings from (Ahmadinezhad et al., 2023) included a positive relationship
between OSA and diabetes in men, while education, protein intake, and
physical activity were negatively associated with OSA in both women
and men. The negative associations of OSA with protein intake and
physical activity were corroborated earlier (Ilich, 2021; Vucic et al.,
2023).

4.2. Metabolic abnormalities and OSA

The results are presented in Table 2. Stefanaki et al., (Stefanaki et al.,
2016) were the first (to our knowledge) to report the existence of the
OSA phenotype in young and healthy adults with overweight/obesity
and relate it to some metabolic abnormalities. Since the OSA phenotype
was originally identified and described as a condition of aging (Ilich
et al., 2020, 2014a) and associated in younger individuals only with
some chronic diseases (Guarnotta et al., 2020), the relevance of this
study is considerable. This was a nested case-control study conducted on
over 2550 participants (age range 18-21 years), who were stratified
based on their BMI and percentage of body fat into lean/control group
(16% females) and overweight/obese groups (95% females). All body
composition parameters (including body water, phase angle, and
intramuscular fat) were measured by the bioelectrical impedance
analyzer (BIA). The surprising results were that participants with over-
weight/obesity presented with significantly lower muscle and bone
mass compared to lean controls. Although the values of both parameters
were within the normal range (masked by weight), they indicated the
emergence of the OSA phenotype in this young population. In addition,
participants with overweight/obesity had increased serum C-reactive
protein (CRP) and evening salivary cortisol concentrations, and a lower
phase angle. The greater proinflammatory state due to significantly
higher levels of circulating CRP and increased evening salivary cortisol
concentrations are known contributors to chronic stress-promoting
obesity state and body composition derangements (Ilich et al., 2020).
Phase angle, an indicator of cellular health and integrity, was also
compromised in this population, implying either increased cell death or
a breakdown in the cell membrane permeability, all indicating meta-
bolic derangements during the genesis of OSA. Other results presented in
this study were not as clear/convincing. For example, the extracellular
water (ECW) (an indicator of inflammation), when expressed as a
percent of total body water was higher, while when expressed in liters
(volume), was lower in the overweight/obese female group. This rela-
tionship could be due to the high discrepancy in the number of partic-
ipants with regard to both body composition and sex. For example, of a
total of 2551 participants, more than half were with overweight/-
obesity. Of those, only 5% were males. Consequently, only 16% of fe-
males had a normal weight (see Table 2).

Similarly, the developing OSA phenotype was observed in other
studies of younger populations with chronic stress, including children
with obesity (Corbalan-Tutau et al., 2015). The Stefanaki et al., (Stefa-
naki et al., 2016) study shows for the first time, that the OSA phenotype
may exist even in very young, apparently healthy adults with over-
weight/obesity and that its presence is associated with worsened
metabolic characteristics. This study highlights the importance of body
composition analysis in medical practice and in young populations to
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improve prevention and management and alleviate subsequent health
and economic burdens. However, little effort is made in both clinical and
research settings to identify OSA development and/or presence in
younger age groups.

Describing the OSA syndrome in a more complex way, Perna et al.,
(Perna et al., 2018) specified two distinct phenotypes based on fat mass
location in the body: osteosarcopenic visceral adipose tissue (OSVAT)
obesity and osteosarcopenic subcutaneous adipose tissue (OSSAT)
obesity. This study was conducted on about 800 elderly subjects (mean
age ~80 years, ~69% women). The body fat components were initially
identified via DXA measurements of the android region and transformed
to the computed tomography fat mass analysis to derive the VAT/SAT
ratio. The ratio above 1 was used to identify visceral adiposity and below
1 for subcutaneous adiposity and subsequent OSVAT and OSSAT
obesity, respectively. The study revealed a significantly higher risk of
fracture (by FRAX assessment) in the OSVAT group and trends to higher
levels of inflammation and altered metabolic profile (albumin values
below the normal range, higher level of azotemia, and reduced glycemic
control), compared to OSSAT. This study highlights the importance of
these fat-originated locations within the body in relation to metabolic
abnormalities. Such findings are supported by other studies which have
shown that visceral adiposity (through the secretion of
pro-inflammatory adipokines) is associated with negative effects on
both bone and muscle, leading to bone resorption, muscle atrophy, and
mitochondrial dysfunction and subsequently causing decreased func-
tional performance and increased fracture risk (Abbatecola et al., 2011;
Szlejf et al., 2017).

Interestingly, Perna et al., (Perna et al., 2018) refer to OSA as a
“sarcopenia phenotype,” although OSA also includes bone loss (osteo-
penia/osteoporosis) in the presence of adiposity. One of the strengths of
the study is that numerous body composition and biochemical param-
eters were assessed/analyzed, although data for males and females were
presented together. It could only be assumed that the authors performed
separate analyses for each sex, as the criteria for diagnosing each of the
conditions and thus, OSA, are somewhat different for men and women.
Additionally, the group that was denoted as “healthy” and presumably
used as a control was not explained (in which sense was the group
“healthy”). That group consisted of relatively younger participants
(mean age 78 years) compared to, for example, the group with OSVAT
(mean age 82.4 years); age is a strong risk factor for OSA. Although this
study had a small sample size (when participants were stratified into
several cohorts), it was the first one to distinguish between two OSA
phenotypes by adipose location. Accordingly, it is important to
detect/consider the location of adipose tissue, with an emphasis on
managing visceral adiposity. More studies like this will help create
cut-off values, for examining further characteristics of osteosarcopenic
visceral adiposity and its association with other chronic conditions.

The study by Lee (Lee, 2020) is one of many conducted in South
Korea using the Korean National Health and Nutrition Survey
(KNHANES) database to investigate various aspects of OSA. The
KNHANES is similar to the U.S. NHANES, with a large number of
generally healthy responders of various ages, thus providing a large
database with the possibility of different parameters to be analyzed. The
objective was to examine the associations of insulin resistance with
different components of body composition, namely osteoporosis-only,
sarcopenia-only, or obesity-only, or their combinations (osteopenic
obesity, sarcopenic obesity, and ultimately, OSA). The study included
4500 participants (~50% women) with a mean age of ~63 years. The
authors used either body fat% (BF%) or BMI to define obesity and the
results showed that adiposity was the main factor driving IR, but the
relationships depended on the level of adjustments with other factors.
Briefly, with BF% classification and no BMI adjustment, the highest
association of IR was with obesity and osteopenic obesity, followed by
sarcopenic obesity and OSA, followed by osteopenia and sarcopenia,
followed by osteosarcopenia (all significantly different). When BMI was
used for the classification of obesity, the obesity-coexistent groups also
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had stronger associations with IR than non-obesity-coexistent groups,
although the associations were not significantly different among the
groups. It is clear that IR presents a transitional state between obesity
and type 2 diabetes, and it is increasingly recognized as an underlying
cause of metabolic syndrome, as well as a risk factor for CVD, nonal-
coholic fatty liver disease, and other metabolic abnormalities (Shanik
et al., 2008). Although some studies have reported the associations of IR
with either bone, muscle, and/or fat tissues (Conte et al., 2018; Kim and
Park, 2018), the Lee (Lee, 2020) study is the first one examining that
association with OSA. Considering the paucity of previous studies on
associations between IR and clinical outcomes, this study provides evi-
dence that obesity is a driving force for IR. Overall, although the OSA
phenotype was not characterized by the significantly higher presence of
IR, compared to other groups with obesity, this study suggests that IR
may be a metabolic abnormality associated with OSA and driven by
adiposity, either overt subcutaneous or hidden (ectopic/ fat infiltration).
In a cross-sectional study by Su et al., (Su et al., 2021), the rela-
tionship between metabolic syndrome and OSA was examined in almost
3000 middle-aged adults (>50 years) who were screened in the Health
Management Center in Taiwan. The participants were stratified into four
groups according to the severity of body composition impairment:
OSA-0 (control group or no impairment); OSA-1 (the presence of one
impairment, either osteoporosis, or sarcopenia or adiposity); OSA-2 (the
presence of two impairments, osteopenic adiposity, or sarcopenic
adiposity); and OSA-3 (the presence of all three impairments, or OSA).
Metabolic syndrome was determined by the National Cholesterol Edu-
cation Program Adult Treatment Panel III guidelines (NCEP ATP III)
(Huang, 2009) based on five factors (waist circumference, blood pres-
sure, serum glucose, triglycerides, and HDL-cholesterol levels). DXA was
used for osteopenia/osteoporosis diagnosis and BF% determination, and
grip strength for the diagnosis of sarcopenia. The self-reported data
about health issues, supplement intake, physical activity, and other
lifestyle characteristics were collected as well. After adjustment for
various confounders, the results demonstrated a significant positive
relationship between metabolic syndrome and OSA-2 and OSA-3. This is
the first study showing that the combination of body composition im-
pairments and particularly OSA, is related to metabolic syndrome.
Previous studies investigating metabolic syndrome showed positive re-
lationships only with individual impaired body composition conditions;
for example, with osteoporosis (Wani et al., 2019), sarcopenia (Park
et al., 2019), or obesity and age (Dominguez and Barbagallo, 2016).
Other research on this topic is mixed and, in most cases, also includes
employment type in relation to individual body composition impair-
ments and metabolic syndrome. For example, Bertoni et al., (Bertoni
et al., 2018) showed that retired individuals with metabolic syndrome
had diminished muscle strength. This is somewhat expected as these
individuals are older and less active. On the contrary, another study
reported that retired or those individuals working part-time (with
metabolic syndrome) had a lower likelihood of having some of the body
composition impairments (Dominguez and Barbagallo, 2016),
compared to those working full-time. Such opposing outcomes probably
depend on the type of work. While the type of work was not assessed in
the Su et al., (Su et al., 2021) study, future studies are needed to
investigate how employment type and retirement duration, with or
without metabolic syndrome, affect OSA phenotype. The Su et al., (Su
et al., 2021) study is informative but due to the way the groups were
formed and analyzed, it was not possible to distinguish which specific
body composition impairments were present in "OSA-1" and "OSA-2"
groups, and more importantly how different body composition compo-
nents, individually and/or in combination, were associated with meta-
bolic syndrome. Further studies are needed to investigate the
relationship between metabolic syndrome and the OSA phenotype.
The study by Kashiwagi et al., (Kashiwagi et al., 2021) included 614
patients (mean age ~67 years, 55% females) with non-alcohol fatty liver
disease (NAFLD) who came for a health checkup at the University
Hospital in Japan. Different body composition phenotypes were
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identified, and several groups of patients were compared, including
those with non-obese (BMI<25 kg/mz) NAFLD and obese
(BMI>25 kg/m?) NAFLD. The identification of osteopenia/osteoporosis
followed the Japanese criteria, using the young adults’ mean BMD
values (%YAM) as cutoffs (Soen et al., 2013). The authors also used the
Asian Working Group for Sarcopenia (AWGS) criteria for sarcopenia
diagnosis (Chen et al., 2014). Both are more appropriate for this popu-
lation, although they are not always followed in studies with Asian
participants. The results are interesting because they revealed that the
prevalence of OSA (although generally low) for both females and males
was the highest in those with non-obese NAFLD (9% and 1%, respec-
tively). The proportion of obese NAFLD was the highest in the
obesity-alone group in both sexes, yet there were no cases of OSA in that
group (that finding was not discussed by the authors). It could reflect the
“U” curve relationship between obesity and bone/muscle components
and even more so the hidden fat which is harder to uncover. The results
may also be confounded by the obesity paradox (Amundson et al., 2010)
where those with obesity fared better on various outcomes compared to
those who were leaner. Additionally, this might signify yet another in-
dicator of BMI's inadequacy as a measure of obesity (Hu et al., 2023;
Ilich et al., 2020). Although the incidence of non-obese NAFLD did not
change with age, the prevalence of OSA gradually increased with age,
suggesting that non-obese NAFLD could be a risk factor for OSA, or vice
versa. Possibly, the unfavorable body composition influenced the
emergence of NAFLD as a metabolic disease (Ristic-Medic et al., 2022),
but a cause or consequence here is very hard to establish. Although the
sample size was relatively large, the statistical power might have not
been reached for some analyses due to the eight groups being compared.
Therefore, the overall conclusions of the study need to be taken
cautiously. Nevertheless, this is the first study to examine the associa-
tions between OSA and NAFLD and especially the non-obese NAFLD in
middle-aged and older individuals. Besides the previously reported
strong association between NAFLD and metabolic syndrome, other
studies reported the association with either sarcopenia, sarcopenic
obesity, and/or obesity only (Bhanji et al., 2017; Kim and Choi, 2019;
Wijarnpreecha et al., 2019), all indicating a strong connection between
NAFLD and body composition. Since approximately 10-20% of in-
dividuals are diagnosed (also based on BMI<25 kg/mz) with non-obese
NAFLD and their metabolic risk levels are between healthy individuals
and those with obese NAFLD (Wattacheril and Sanyal, 2016), this
segment of the population should get more attention in clinical care,
despite the lack of the overt overweight/obesity presence. In other
words, this is another study that highlights the importance of fat loca-
tion in the deterioration of bone and muscle. In this case, fat in the liver
would be considered ectopic fat, however, obesity in this study was
determined by BMIL

Both Cvijeti¢ et al., and Keser et al., (Cvijetic et al., 2023; Keser et al.,
2021) studies are similar yet very important as the researchers assessed
body composition, nutritional status, and other health outcomes in
residents of several nursing homes. All three body composition com-
ponents were measured by BIA and both studies revealed a high prev-
alence of OSA. The Keser et al., study was smaller (n=69 women, n=15
men, age 65-95 years) and was conducted in only one nursing home (it
started at the beginning of 2020 and was halted due to the COVID-19
pandemic). The results showed that dietary intake and nutritional sta-
tus were below both European and U.S. recommendations (European
Food Safety Authority. Nutrient Recommendations: Dietary Reference
Values DRV n.d.) in all participants. The residents with OSA (>50%
prevalence both in women and men) had significantly higher ECW,
indicating a heightened inflammatory state, as well as lower phase
angle, indicating lower cell integrity and muscle quality. It has been
shown that there is a significant difference in phase angle between
healthy and diseased states and that it decreases with worsened clinical
conditions (Bellido et al., 2023; Kang et al., 2022; Shin et al., 2022).
Similarly, intracellular water loss and the resulting increase in ECW
disturbs muscle function and may result in sarcopenia, which was
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confirmed in other studies that reported higher ECW% and/or lower
phase angle (Bian et al., 2017; Doumit et al., 2014; Tanaka et al., 2020).
One of the advantages of BIA (over BMI alone, for example) is that BIA
can differentiate between the degree of body fat and body cell mass, and
it can also be used for prognostic purposes for some chronic diseases,
malnutrition, and inflammation (Gupta et al., 2004). However, the
protocol for the measurements must be strictly followed (e.g., room
temperature, electrode placement, exercise level, food intake, and hy-
dration status of participants) (Kushner et al., 1996). Non-adherence to
any of the protocol measures may lead to inaccuracies and subsequent
inconsistent results.

The Cvijeti¢ et al., (Cvijetic¢ et al., 2023) study was conducted in six
nursing homes just after COVID-19 pandemic restrictions were lifted,
therefore, it was possible to assess the COVID-19 survivors as well. The
study included 296 women and 69 men, aged >80 years. There was no
difference in OSA prevalence (overall ~70%) or nutritional status in
those who had COVID-19 compared to those who did not. However, a
significantly higher ECW and lower phase angle were confirmed among
the residents with OSA compared to those without. Additionally, a lower
bone mass, and a higher intramuscular adipose tissue, were noted in
residents with OSA phenotype compared to those with less severe body
composition impairments. Surprisingly, the results from Cvijetic et al.,
(Cvijetic et al., 2023) study did not show any impact of COVID-19
infection on OSA prevalence or weight/body composition. This is in
contrast to the study in French nursing homes (Ngadiarti et al., 2022),
where those infected with COVID-19 experienced significant weight
loss. Other studies also revealed worsened health in nursing homes in
different countries during the COVID-19 pandemic (Courtois-Amiot
et al., 2023). Despite the limitations of both studies (Cvijetic et al., 202.3;
Keser et al., 2021) (e.g., cross-sectional nature, limited number of par-
ticipants), they revealed significantly poorer health status and higher
inflammatory state in nursing home residents with OSA phenotype.
More studies conducted in critical populations (like nursing home resi-
dents), where full body composition, as a contributor to poor health is
assessed, are needed.

The Nie et al., (Nie et al., 2022) study is another one investigating
some of the inflammatory markers in patients with body composition
impairments, including OSA. Namely, the complete blood cell-derived
inflammatory indices, including white blood cells (WBC), systemic
inflammation response index (SIRI), neutrophil-to-lymphocyte ratio
(NLR), aggregate inflammation  systemic  index  (AISD),
platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte ratio
(LMR), were measured in apparently healthy men and women receiving
annual check-ups at Harbin Medical University, China. Participants
were divided into four groups based on the body composition impair-
ments, including OSO-0 (no impairments), OSO-1 (either osteoporosis,
or sarcopenia or adiposity), OSO-2 (either osteosarcopenia or osteopenic
adiposity or sarcopenic adiposity), and OSO-3 (all three conditions or
OSA). The results are well presented and revealed statistically signifi-
cant differences (by paired analyses) in WBC, SIRI, AISI, NLR, PLR, and
LMR among the four groups, where the higher number of body
composition impairments resulted in worse outcomes, with the OSO-3
group being the worst. Such relationships were also confirmed in the
logistic regression, where the values in the OSO-0 group were used as a
normal reference. After adjustment for numerous confounders, SIRI,
AISI, NLR, and PLR were positively correlated with impairments in each
group and negatively with LMR. In this analysis too, the OSO-3 group
fared the worst. This is a relevant study, showing that blood cell
count-derived inflammatory parameters could serve as possible markers
for OSA, as well as for other body composition impairments. The
advantage of these indices is that they can be easily measured in most
clinical settings and indicate low-grade chronic inflammation (Zinellu
et al., 2020). So far, these markers have been typically used to evaluate
inflammatory processes in some chronic diseases (e.g., during cancer
therapy), and their use for osteoporosis, sarcopenia, and/or obesity is
limited (Tuttle et al., 2020; Yilmaz et al., 2014), but could be promising
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for OSA, based on the results from the Nie et al., study (Nie et al., 2022).
Obviously, more research must be conducted before these markers can
be used for the evaluation of body composition impairments and before
they can be substituted for some other inflammatory markers (e.g.,
CRP). Unfortunately, the stratification of participants into groups in this
study precludes the distinction of the specific impairments in OSA-1 and
0SO0-2 groups, as was already discussed above in the study by (Su et al.,
2021), where a similar way of stratification was used. Importantly, these
results showed that the OSA group was associated with an elevated in-
flammatory state, compared to other groups and the healthy controls.

Moroni et al., (Moroni et al., 2023) investigated the association of
each of the OSA components with various metabolic and health risk
factors in a large pool of participants (n=1510, 72.9% females, >18
years) attending a rehabilitation unit at the University of Pavia, Italy.
Unfortunately, the participants’ health or demographic status was not
described and neither inclusion/exclusion criteria were listed. There-
fore, it is hard to compare various phenotypes, especially when partic-
ipants of a wide age range are included. Nevertheless, this study is worth
reviewing since numerous variables were measured and included in the
analyses. The participants were divided into three age subgroups
(“Adult” < 65 years; “Oldest” 66-84 years; “Oldest Old” > 84 years) and
the most prevalent body composition impairment for the entire popu-
lation was sarcopenia (17%), while the prevalence of OSA was 1.9%.
Furthermore, and in contrast to other studies, the OSA prevalence was
the highest in the “Adult” and “Oldest” males (4.3% and 4.5%, respec-
tively). Other surprising results, when compared to most other studies,
were that the OSA prevalence was lower in females than in males in each
age category. Gamma-glutamyl transferase (gGT, an indicator of hepatic
health) and hyperglycemia were the only serum biomarkers positively
associated with OSA. The meaning of this relationship was not discussed
in the article, but elevated levels of each could indicate an increased
inflammatory state or some other health problems. For example, gGT
may increase with high alcohol consumption and liver damage, leading
to free radical production and glutathione depletion, particularly in the
presence of higher serum iron (Whitfield, 2001). There are also some
indications that serum gGT is linked to the risk of coronary heart disease,
stroke, and type 2 diabetes. Hyperglycemia would also fit into this
model. However, since not much is known about the health status
and/or alcohol use of the participants in the Moroni et. al., (Moroni
et al., 2023) study, it is hard to speculate. Due to other limitations (e.g.,
mostly females, wide age range, and heterogenous age subgroups, as
well as a very low prevalence of OSA), the results need to be interpreted
with caution.

5. Limitations

Limitations of this review are contingent on the limitations of the
evaluated studies, which were discussed in Sections 4.1 and 4.2. Briefly,
most of the studies were observational, cross-sectional, or retrospective.
Randomized controlled trials were absent, except for one (Ilich et al.,
2022). The limited number of studies with measures of all three body
composition compartments was a major obstacle in including studies
with a specific cardiovascular disease, diabetes mellitus, or autoimmune
diseases (to name just a few) and their association with OSA. This was
somewhat contrary to our expectations (because the technology was
available in most cases) and made this review restricted. Additionally,
among the 15 studies reviewed, a few did not meet some of the common
methodological standards, such as listing the inclusion/exclusion
criteria for the recruitment, the participants’ demographics were not
described, or the sample size was too small to achieve adequate statis-
tical power. In several studies, the stratification of participants into
groups based on body composition impairments was such that it was not
possible to determine which impairments were present in each group.
Some studies did not have a control group for the comparisons. Still, the
biggest drawback was that different criteria and cut-offs were used for
the diagnosis of the impairment for each tissue (except bones), thus
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leading to a wide range of OSA prevalence. That was particularly true for
the level of obesity and the lack of measurements of visceral and infil-
trated fat. While studies have been done in both Americas continents,
Europe, the Middle East, and Asia and included the respective pop-
ulations, there were no studies conducted on the African continent and
in African American individuals.

6. Summary and implications for future research

This comprehensive review revealed that CVD and metabolic disor-
ders are accompanied by impaired body composition and that in most
cases, the presence of OSA was associated with worse disease outcomes,
compared to the conditions where only one or two impairments were
present or compared to the individuals with a healthy body composition
but the same disorder. Nevertheless, the initial questions we posed about
the cause-and-effect relationships between OSA and examined disorders
could be answered only partially, due to the limited research and most of
the studies being of a cross-sectional nature. However, the scientific
knowledge about numerous biochemical processes occurring in each
disorder and in the OSA phenotype manifestations leads us to believe
that some cardiometabolic disorders are worsened by OSA and vice
versa via a positive feedback loop. Specifically, that could be speculated
between OSA and hypertension, dyslipidemia, and several inflammatory
markers.

Briefly, the analysis of OSA and CVD risk factors (Table 1) revealed
the following: 1) Two Chinese studies reported worse cases of dyslipi-
demia and blood pressure/hypertension in patients with OSA compared
to those without, implying OSA as a possible trigger or vice versa; 2) In
contrast, hypertension was less common in participants with OSA in the
Iranian older population compared to those without OSA; 3) Japanese
patients hospitalized for various CVD issues had a higher prevalence of
OSA compared to their community-dwelling counterparts; 4) Among
Caucasian women with overweight/obesity, those with OSA phenotype
had significantly worse blood pressure, serum lipid profile and adipo-
kines compared to their counterparts with overweight/obesity-only; 5)
Younger Brazilian patients with severe obesity waiting for bariatric
surgery exhibited signs of rapid OSA development and those with higher
abdominal fat also had higher total and LDL-cholesterol and fasting
glucose, but lower HDL-cholesterol and serum vitamin D levels. This
highlights the importance of body fat distribution or fat allocation when
assessing associated health outcomes in young individuals with severe
obesity. Overall, the relatively strong associations between OSA and
some CVD risk factors suggest common mechanisms, although the data
do not show if OSA triggers CVD risk factors, or if CVD risk factors
trigger OSA. Nevertheless, these relationships could be bidirectional,
each reinforcing the other, but more work is needed to elucidate the
mechanisms.

Regarding OSA and metabolic abnormalities (Table 2), the following
was noted: 1) Increased inflammatory markers (CRP, ECW, phase angle)
were present in a very young Italian population with a developing OSA
phenotype; 2) Poor metabolic health and higher fracture risk was
observed in another Italian study with older adults having visceral OSA,
compared to those with subcutaneous OSA and those without OSA; 3)
Insulin resistance was related mostly to the presence of obesity and not
necessarily to the OSA phenotype in older Korean population; 4) A
significant positive association (in females only) was found between
OSA and NAFLD, suggesting that the latter could be a risk factor for OSA,
or possibly that the unfavorable body composition influenced the
emergence of NAFLD in Japanese older patients; 5) Two studies con-
ducted among Croatian nursing homes residents revealed a very high
prevalence of OSA and accompanying poorer health and metabolic
status (higher ECW, lower phase angle) in those with OSA; 6) The blood
cell count-derived inflammatory indices in apparently healthy Chinese
older adults indicated that those with the OSA phenotype had the
highest level of the examined markers, compared to those in other body
composition groups; 7) The results from the study in middle-aged and
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older Italian residents, although revealing the positive relationship be-
tween OSA and gGT and hyperglycemia, are inconclusive due to very
low OSA prevalence and other limitations. These results indicate that
OSA contributes to metabolic abnormalities and/or that the presence of
OSA may be a result of metabolic abnormalities already present in bone,
muscle, and adipose tissues. Overall, there is a great need for more
research about the metabolic processes during OSA phenotype devel-
opment, as well as how OSA affects metabolic pathways, as those re-
lationships may sustain each other in a vicious cycle.

This review also revealed several other important points regarding
OSA and identified the existing gaps, as well as uncovered the future
research directions (some of them addressed recently (Vucic et al.,
2023). These include:

1) The absence of consensus for the diagnostic criteria and officially

approved indications for the treatment and management of OSA still

remains the biggest obstacle in identifying individuals with OSA
phenotype.

e Unfortunately, the universal and regulated/approved guidelines
are also nonexistent for sarcopenia/sarcopenic obesity (Fielding,
2024), while the cut-offs for obesity diagnosis vary as well.

From a clinical point of view, all three body composition compart-

ments should be measured by standardized technologies using

regulated diagnostic criteria to identify OSA and confirm its rela-
tionship with chronic diseases in diverse groups of older and younger
individuals.

e In such scenarios, patients may be classified into smaller, more
homogeneous phenotypes with potential implications for thera-
peutic plans.

There should be multidisciplinary approaches for body composition

assessment in the management and treatment of cardiometabolic

diseases.

e In that context, the rapid advances in medicine and medical
technology may offer new opportunities, particularly in the
development of new or use of some existing blood or other bio-
markers for OSA identification.

The physiological mechanisms that link body composition with
clinical events are multi-factorial and further evidence-based
research, in the form of randomized clinical trials and large-scale
prospective studies, is needed to determine if the relations between
body composition and clinical endpoints are both causal and
reversible through intervention.

o Such research could determine the risks related to OSA syndrome
more comprehensively as well as confirm the efficacy of diagnostic
and treatment solutions.

2)

3
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