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Abstract

Sound bone health and the ability to respond effectively to unexpected mobility obstacles or environmental hazards that heighten falls risks
are crucial for mediating many life affirming activities at all ages, but may be impacted adversely over the course of time by multiple factors, such
as excess body weight and its link to type 2 diabetes. To better understand this issue which does not seem to be effectively addressed to date, the
PUBMED, PubMed Central, and GOOGLE SCHOLAR data bases were sourced for relevant data published between January 1, 2016 and October 1,
2026 on these topics. These data show while a pervasive idea has been that obesity may be beneficial in some respects to bone mineral density
attributes and fracture protection, several current publications tend to portray a negative impact of obesity on bone health via multiple proposed
mechanisms and that continued clinical vigilance of vulnerable individuals both young and old are those with pre diabetes or actual obesity linked
existing type 2 diabetes who may have a high risk of sustaining falls and bone fractures.
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Background

Bone fractures, as well as bone diseases such as osteoporosis,
a common age-related bone weakening condition with well-estab-
lished guidelines for its assessment and pharmacological treat-
ments is one that is often under-diagnosed and untreated. Those
whose bone mass deteriorates unduly are especially likely to go on
to incur one or more fragility fractures if they fall and that pose an
immense personal degree of suffering alongside immense public
health costs in all aging societies. At the same time the presence
of sarcopenia- denoting an age-related muscle mass decline- plus
an associated risk of osteoporosis, poses an enormous additional
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disabling public health challenge that prevails in many aging societ-
ies at increasing rather than decreasing rates especially in the case
of any prior bone fracture and a subsequent suboptimal surgical
repair trajectory in the face of an unintentional falls injury [1-5].
Contributing to this cycle of unwanted events is a possible primary
as well as secondary role for obesity, a term denoting the presence
of excess body fat, rather than being overweight due to the high
presiding volumes of muscle mass, bone mass, artificially height
to weight ratio status distortions, or water retention, and a health
state rapidly increasing in the United States and elsewhere, even if
tentatively modifiable at the outset. Adding to the burden of poor
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bone health and high risk for falling and fracturing a bone in ag-
ing overweight adults is the presence of an ensuing type 2 diabetes
health profile, that may lead to weight gain as well as bone attrition
and possibly other ensuing comorbid health conditions such as os-
teoarthritis [5].

In particular, the presence of co-occurring obesity and type 2
diabetes may induce a cycle of multiple adverse secondary bone
and muscle structural deficits, fat deposition and inflammation,
plus progressive fractures, despite the availability of advanced
pharmacologic, and surgery approaches. Moreover, the pervasive
false belief that obesity has little impact on fostering fractures and
negative bone attrition states may lead to irreversible function-
al deficits [3]. Indeed, while the presence of excess body weight
may arguably impact bone mineral density favourably, potentially
strengthening the bone, bone fractures and the multiple attributes
of bone destruction that preside in sizeable numbers of older adults
as well as youth occur quite often in those older adults and others
categorized as being obese, and that may be challenged to offset a
falls provoking encounter. They may duly sustain highly injurious
consequences, especially in those with co-occurring type 2 diabe-
tes, chronic diabetic pain, depression, poor cardiovascular health,
sarcopenia, and possible dizziness or deficient balance [4].

Moreover, if untreated or overlooked and not averted, when
viewed in both the context of global aging, as well as that of the
individual, this scenario is clearly highly disadvantageous and pos-
sibly predicts a rapid decline even in the relatively healthy aging
adult and one likely to persist and prove highly deleterious to their
well-being, as well as to their ability to function physically as well
as socially. This cumulative fracture risk that can manifest even in
cases suffering from excesses in body fat deposition may yet prove
highly injurious to the underlying bone if the forces falling on this
overwhelms the bone/s safety threshold. They may not only suffer
from extensive bone structural damage, regardless of its mineral
density, but may sustain considerable soft tissue damage includ-
ing muscle trauma and inflammation that does not abate readily,
plus multiple neurosensory deficits and pain in those with type 2
diabetes. Moreover, in the absence of medication checks, confusion,
as well as hypoglycaemia related declines in bone strength, as well
as an unfavourable muscle mass and balance declines may further
compound the oftentimes highly disabling outcome of a single falls
event experienced by an overweight diabetic older adult.

Methodology and Rationale

This current article drawn from the literature dating back to
2016 to the present 2026 time periods builds on our previous ef-
forts to better understand what has been observed in the above-
mentioned contexts as regards the possible linkage of obesity to
late life bone health and functional status in the context of obesity
and type 2 diabetes, and thereafter to possible secondary osteoar-
thritis at the fracture site that can possibly provoke its inflammato-
ry and adiposity linkages. The review specifically sought to better
understand whether mitigation options other than drugs and injec-
tions can postpone the onset of excess age derived disability due to
traumatic bone fractures. It sought to examine the strength of sup-
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port for additional options that might be pursued to heighten rates
of independence and life quality among the elderly population and
thereby possibly lower their risk for developing reactive osteoar-
thritis observed in sizeable numbers of hip fracture surgery cases.
It was felt this topic is especially timely given the failure of mod-
ern medicine to offset age related trauma incidents and others and
despite the widespread notion that obesity protects an older adult
and others from sustaining one or more bone fractures, especially
at the hip, along with possible bone micro fractures that underpin
painful disabling linked osteoarthritis as well as type 2 diabetes.

Since the risk factors for adult obesity of poor diet and physical
inactivity are well studied, as is the link between obesity and car-
diovascular diseases, such as type 2 diabetes, this present review
specifically sought to examine their potential theoretical or clini-
cally relevant association that may persist even though weight loss
medication strategies appear effective alongside those designed to
control glucose levels. The time period 2016-2026 was chosen as
the main focus, as it was felt this body of works may reflect some
past as well as updated issues and insights that have emerged in the
past decade and may have a bearing on health services allocation
and delivery needs in the future as well as healthy aging options
and resources at the individual, societal, and policy levels. In par-
ticular, this report investigates the recent evidence base broadly in
support of a preventive rather than a management perspective us-
ing various drugs or injections to eliminate obesity and/or insulin
resistance. The review does not examine some of the other leading
causes of bone impairments in older or younger adults and does
not examine the selected studies in depth for their possible flaws
or shortcomings. It was assumed that recent peer reviewed studies
housed in PUBMED, PubMed Central, and GOOGLE SCHOLAR data
bases using the key words: bone health, bone fragility, and adipos-
ity/obesity, type 2 diabetes, falls, and fractures would provide sa-
lient and valid points of current clinical interest and application.
The term obesity as used, denotes the presence of any degree of
excess body fat that could prove injurious to both a younger as well
as an older person and regardless of measurement tool. The term
bone health was used to refer to the ability of the skeleton to with-
stand stress, and provide for pain free functional independence and
optimal mobility and stability functions. The term sarcopenia re-
fers to a decline in muscle mass and an increase in muscle fat mass,
age or disease related, or both and that can engender debilitating
osteosarcopenia denoting the impact of sarcopenia on bone mass
attrition.

Research Questions

1. Do efforts to counter the combination of limited physical activ-
ity and poor nutrition at all life stages have a bearing on efforts
to deter the adverse impacts of excess body weight on muscle
and bone mass as well as type 2 diabetes and osteoarthritis?

2. Can periodic screening for possible bone and muscle deficits
be of assistance in fostering healthy aging outcomes in those at
risk or with definitive weight excess manifestations?

3. Are efforts to reduce body weight in chronically overweight
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older adult’s uniquely successful or limited if applied in iso-
lation?

4.  Are there indications more holistic systematic obesity target-
ed preventive efforts across the lifespan will prove fruitful and
valuable in countering excess late life disability and their incal-
culable costs?

Underlying Assumption

Aging, a state often considered as a downward declining one
and one associated with an increasing disease burden has yet
produced examples where aging adults thrive rather than simply
survive. They do this despite a possible biologically programmed
encroachment of sarcopenia, a health condition characterized by
an age-related decline in muscle mass and strength, and a replace-
ment of muscle tissue by fat and inevitable bone structural deficits.
This however, is not a given in all aging populations, although ac-
counting for a high number of adults who fall, and do sustain one or
more bone fractures. This is especially observable in the presence
of an obesity linked high muscle fat ratio that appears to reduce
bone protection and function and alter bone turnover negatively
[5]. At the same time, health conditions such as type 2 diabetes of-
ten induced by or co-occurring with obesity may well exacerbate
an emergent sarcopenic state as well as falls risk [6]. However, this
nonlinear interactive set of associations is often not approached
comprehensively or early enough to mitigate its impacts. Rather, a
sole reliance on anti-obesity strategies, while potentially helpful in
weight loss efforts may yet compromise overall health if muscle as
well as multiple bone-based mechanisms remain subverted by fat
mass ramifications that remain untreated or recognized [6-10].

This abovementioned argument is not just of theoretical inter-
est, but one of immense relevance as societies age because these
overlapping conditions of obesity and type 2 diabetes are both
strongly associated with bone fragility as well as being highly prev-
alent, as is osteoporosis that may predate their unwanted adverse
bone impacts [6]. Moreover, all may prove to be a strong fracture
risk determinants [9,11,12] alone or in combination especially in
those with clear vitamin D deficiencies [7]. A large percentage of
cases, especially women, may indeed fail to function optimally, and
are likely to experience decrements in overall life quality, possible
falls related soft tissue injuries, prolonged hospitalizations, car-
diometabolic complications, declining health, and premature mor-
tality [5].

Rationale and Hypothesis

This present effort was undertaken given the apparent lack
of attention to the impact of obesity and co-occurring diabetes on
musculoskeletal health status, when compared to physical weight
status and glycaemic control issues. It was hypothesized that adults
with both high fat mass deposits and type 2 diabetes would be at
higher risk for falls that lead to hip fractures and others, as well as
poorer health outcomes, including the onset of joint cartilage de-
generation, but that there would be few publications drawing at-
tention to the need for vigilance against this potentially debilitating
health cascade in the current literature compared to the numbers of
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pharmacologic related mitigation recommendations even though a
lifestyle modification approach appears quite compelling.

Selected Research Observations

In the past decade numerous publications have emerged
and attested to the key role of bone and bone health as a means
of protecting vital body organs, and affording static and dynamic
support to the human when upright. Its role in immune support,
as well as serving as strategic sites for muscle tendons, ligaments
and capsular attachments continue to show how these protective
mechanisms may fail in the presence of severe bone attrition and
structural damage and that predictably and significantly reduces
the wellbeing of the aging adult. Indeed, similar to other body or-
gans, bone, a living tissue, is one that is immune or impervious to
breakdown as a result of factors other than age, such as obesity,
a topic of increasing interest in this regard. Accordingly, the onset
of bone fragility and the overall failure of medications and related
options to avert bone associated declines and its possible impact
on fracture control in the elderly is of increasing relevance both
clinically as well as economically. Most noteworthy here is the in-
creasing observation that while helpful for weight loss, most phar-
macologic anti-obesity interventions may yet fail to offset falls that
lead to fractures for reasons other than those attributed to weight.

Other data speak to the persistent premise that the impact of
obesity on bone mineral density deposits is one favouring a bone
protective response against sustaining a fracture, rather than incit-
ing this possibility. A further body of data speak to the strong belief
in the efficacy of anti-obesity medications or injections to control
appetite and yield significant weight losses that thereby restore
health including bone health even if this does not accord with the
data wherein bone fragility may well be magnified in the face of
co-existing type 2 diabetes. Indeed, a diabetic state is a well-estab-
lished osteoporotic mediator in its own right and one where the
control of glucose via pharmacologic approaches may independent-
ly impact bone mass negatively and progressively even if anti-obe-
sity interventions do not harm bone [12]. Bone however, is now
considered important to protect since ample research shows bone
tissue houses important minerals and ions that can be released or
stored in a controlled manner to provide constant concentrations
in body fluids as required, and this relatively dynamic organ that
undergoes significant turnover compared to other organs in the
body may yet be affected negatively by multiple pathways including
having an obesity history, and its oftentimes dual association with
type 2 diabetes- a disabling condition that appears to be increasing
over time rather than decreasing.

There is also increasing evidence that the relationship between
obesity and bone may not be as protective against fractures as pre-
viously believed because not only may bone homeostasis in general
obese altered in multiple ways by the presence of excess body as
well as bone fat deposits, that can impair bone integrity and bone
remodelling long before efforts to control weight are implement-
ed and even after that [6]. The well observed high falls risk among
the obese compared to the non-obese may further imply obesity
related altered biomechanical factors may yet determine the de-
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gree to which obesity-fracture linkages prevail [6], especially in the
older vitamin D deficient inactive adult [7]. As a result, even if os-
teoporosis is not likely to be present in older overweight fracture
adult cases, its impact on bone metabolism and falls risk as well as
the onset and perpetuation of type 2 diabetes may be sufficient to
cause a fracture regardless of weight status or loss later on [8,9].
Those with a high muscle fat content, excess muscle weakness and
reduced muscle mass, and neurosensory disturbances may also
experience poor bone shock absorption, low reactive timely re-
sponses, and a limited endurance capacity that strongly predicts
bone damage even in the face of sub threshold mechanical impacts
[6] especially in those with a high degree of viscerally or centrally
located fat [10] where the muscles in this region and others may
be infiltrated by excess fat that exposes the bone to undue impact
and poor or deficient muscle reflex and suboptimal impact attenua-
tion capacities and responses. Moreover, those who also suffer from
obesity associated inflammatory responses and those who use di-
abetes medications that often induce confusion, may experience a
state of chronic repetitive joint injuries that may indirectly hasten
the onset of osteopenia as well as an altered trabecular bone struc-
ture and quality if sedentary behaviours become more entrenched
in response to heightened pain, unsteady gait, frequent falls, and
falling fears [11,12].

In addition, multiple obesogenic-associated metabolic distur-
bances may not only impact bone homeostasis negatively, but can
affect bone quality detrimentally over time if the obese person is
sedentary or less inclined to move than normal weight similar age
individuals. They may thus exhibit various degrees of bone fragil-
ity, as well as progressive bone cellular and metabolic alterations
that cannot withstand unanticipated impacts [7,12,13]. Hsu et al.
[14] propose persons having a high fat mass may not respond op-
timally to standard treatments alone because fat deposition could
impose a negative effect on bone mass that is different from that of
normal weight-bearing. While obese men may encounter beneficial
improvements in bone mineral density [15] postmenopausal wom-
en may show lower levels of bone formation markers than those
deemed to be of a healthy weight [17]. Other data indicate bone
quality in the obese case may not be sufficient to successfully avert
a fragility fracture because other factors are involved [16] such as
the quality of muscle and muscle sensory response changes [18].
Bone as well as various body systems may also serve as a ‘fat-depot’
that may mediate a range of obesity associated low-grade inflam-
matory responses that may not only alter the expression of multiple
life negating cellular processes, but may foster the release of harm-
ful molecules and chemicals that can adversely affect bone metabo-
lism and its ability to withstand excess attrition [19].

Another explanation is that since adipocytes and bone cells
known as osteoblasts are derived from the same stem cell source,
the presence of obesity may foster more adipocyte differentiation
than osteoblast differentiation thus creating immense bone phys-
iology alterations. Moreover, these numerical increases in bone
adipocytes found to release a number of pro-inflammatory and im-
mune-modulating molecules appear to up-regulate the formation
and activation of osteoclasts, a bone cell that removes excess bone,
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thus favouring bone fragility. As well, the persistent impact of ex-
cess body weight, while possibly favouring bone mineral density
increases and bone strength, may yet exceed the overall mechanical
threshold of the bone, especially in females if other obesity asso-
ciated health conditions prevail that heighten fracture risk, such
as dynapaenic abdominal obesity and/or altered bone blood flow
[20-22]. Rather, this potentially greater risk of an injurious fall and
chances of a bone fracture at one or more bone sites in the obese
subject may involve an array of complex metabolic as well as bio-
mechanical, neuromuscular, cognitive, and circulatory factors and
their interaction with bone viability as well as vulnerability and
may be acquired in the face of certain medications [24-26], poor
diets, and muscle suboptimal contractile protective responses in
adults exhibiting abdominal obesity [4,20,22,27].

In sum, many factors may explain the higher-than-expected
rate of sustaining a fracture injury at some sites even in an obese
older adult, for example, at the hip the most serious debilitating in-
jury associated with aging and one with a higher than desired post
fracture mortality rate [28] even in the face of successful bariatric
surgery [29] or various glucagon uptake inhibitors in those with
diabetes [34]. Moreover, this cycle of adverse events may persist
even in the face of semaglutide anti-obesity interventions factors as
aresult of the unaffected or altered biomechanical factors associat-
ed with a high falls risk including postural balance alterations and
body sway excesses [32], as well as possible hormonal factors, and
alterations in muscle force capacity and fat ratio especially in the
trunk and arm regions [30,32,34,35,38,41,45]. A regional excess of
abdominal fat may also disrupt any prevailing bone morphology via
its mechanically induced inflammatory impacts and others [33,34],
and may be especially accentuated in those categorized as being
morbidly obese [36,39].

Additional Findings

Crivelli et al. [37] note that when viewed as a whole, it seems
fair to conclude both visceral and subcutaneous fat may be detri-
mental to bone health in pre- and postmenopausal women, as well
as men and in both cases severe obesity may increase the risk for
incurring a fall and subsequent fracture as well as poor healing tra-
jectories thereafter, even in young adults. Moreover, in view of what
has been observed relative to the fat muscle ratio variable in elderly
persons arm and trunk muscles [38], the belief that obesity confers
protection against bone fractures must be challenged especially if
other conditions affecting people with obesity, such as type 2 diabe-
tes that can foster Oste sarcopenia- a debilitating condition charac-
terized by concurrent bone loss and muscle wasting, prevails [39].

Obesity is also associated with a possible vitamin D deficiency
[7], as well as impaired muscle function, and sarcopenic pheno-
types, and possibly thereby with a further fracture risk [41] and
damage to both the bone itself and/or the surrounding soft tissue
and its structures. Indeed, contrary to expectations, individuals di-
agnosed as being both obese and having a type 2 diabetes do ap-
pear to have a substantive risk of sustaining impaired bone quality
alterations and a possible elevated risk of fragility fractures, despite
their higher and/or unchanged bone mineral density [49] and often
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even in the face of efforts to alter bone cell metabolism [34].

In addition, although appearing site-specific and reducing the
risk for fractures in some locations, but not others, this may depend
on the degree to which body weight/body mass index is a risk fac-
tor for falling in the elderly especially those with age or diabetes
and obesity heightened higher sway areas and sway ranges, plus a
lower complexity of anterior-posterior center of pressure respons-
es that may impact dynamic balance adversely during locomotor
attempts [32] as well as muscle strength, and lower limb or gait
patterns, and/or the presence painful foot ulcers [40,47,50].

In this regard, Gkastaris et al. [2] conclude the interaction be-
tween obesity and bone metabolism even though complex and not
fully understood to date must take note of the possible effects of
obesity on the multiple skeletal attributes other than bone that
might lead to one or more bone fractures for neuromechanical
reasons, as well as possible increases in bone marrow fat content
[40], alongside subcutaneous fat and muscle fat increases, muscle
strength, mass and reactivity declines, especially in the presence of
one or more metabolic diseases such as chronic type 2 diabetes that
can impact bone metabolism, bone vascular and energy associated
mechanisms, pain, muscle endurance, and cognitions highly ad-
versely [41,45,54]. In particular, obesity correlates that are linked
to multiple chronic inflammation influences, excessive oxidative
stresses, as well as possible impaired glucose control and altered
bone metabolism and marrow adiposity, plus dizziness, may espe-
cially impair bone quality directly or indirectly regardless of bone
mineral density thus undermining bone micro architecture and en-
gendering an unwanted progressive state of bone fragility [33,45].
The role for muscle power and strength declines observed in type
2 obese diabetes sufferers [44] as well as the possible persistent
obesity associated gait abnormalities should thus be dealt with in a
timely manner and prioritized accordingly [8,47,54].

In addition, more attention to controlling triglyceride levels in
the context of type 2 diabetes as well as encouraging a favorable
active lifestyle as this may counter the generation of osteoporosis
and its progression in its own right, plus the probable adverse in-
fluences on bone health, and bone volume [8,51-53]. Moreover, at-
tention here may avert the additional impacts of failing to do this
on the presence of bone inflammation, altered muscle activation,
age related muscle strength losses, degraded joint biomechanics
and shock absorbing mechanisms and altered hormonal and im-
mune signalling, plus a related decline in the signalling power of
the Want transduction cell regulation pathway where diabetes may
remain poorly controlled [8,45,47]. In addition, the allied influence
on bone of continuous over nutrition, poor nutrition, possible fears
of falling, diabetic vision problems, and a resultant state of limited
mobility or biomechanical abnormalities may engender a perpetual
web of negative associations and debility including sensory distur-
bances, blood pressure disturbances, painful neuropathy, skeletal
muscle atrophy and dysfunction and pervasive cognitive manifes-
tations that can ensue in late life to a debilitating although possibly
preventable degree [8,44,48,53,54].

However, if untreated or ignored, it appears that even if the ex-
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cess obesity associated mechanical loading of the joints has posi-
tive effects on bone mineral content, this may not suffice to counter
fractures in the obese case who has fallen and where low-grade sys-
temic inflammation is probably present alongside a degraded de-
gree of dynamic stability and muscle reactivity [49,50] and possible
presence of extensive underlying osteoporosis and signs of frailty,
as may those deemed obese with a type 2 diagnosis and high rates
of sarcopenia, frequent bouts of dizziness, deficits in vision percep-
tion, and muscle-nerve communication processes [53,56,61,62,67],
regardless of the presence of adequate or excess mineral density
deposits [71]. In the meantime, it can be assumed obesity inde-
pendently increases the risk for falling in the older adult popula-
tion, and thereby pain and inactivity at higher rates than healthy
weight adults even if no fracture occurs [81-85]. Thus, a host of in-
terrelated factors can undoubtedly prove largely disadvantageous
to an older adult and is a situation that predicts an incrementally
costly and burgeoning public health issue of high concern in all ag-
ing societies in all likelihood [8,34,53,56,61].

Discussion

This mini review that focused on the health correlates of obe-
sity and type 2 diabetes in the context of their unique or combined
bone implications on late life wellbeing was undertaken despite the
apparent efficacy of novel anti-obesity drugs and injections as well
as passive or invasive glucose control methods. It asked why over-
weight adults are still subject to fractures and what the added risk
is as regards a dual type 2 diabetes diagnosis in fostering a probable
heightened falls risk in the obese older adult. Moreover, it sought to
establish if a state of osteogenic fragility can hasten or foster a state
of associated osteoarthritis joint damage at the fracture site as an
endpoint. Based on a wealth of data, but data largely challenging
to unify or unravel with regard to the extent obesity either builds
bone mass or fosters bone attrition and fractures, and jeopardizes
the repair of fractures that often predate the onset of osteoarthritis,
especially at the hip joint, the topic appeared of high relevance none
the less [86]. In this regard, one study [42] conducted in 2022 con-
cluded that whereas what is observed or not observed may depend
on the mode of measuring total body adiposity, abdominal subcuta-
neous adipose tissue, and visceral adipose tissue, all appear signifi-
cantly associated with bone mineral density in both men and wom-
en in some way, even if the strength and direction of this association
is not a given [38,39].

In particular, Chen et al. [43] conclude sarcopenic obesity, de-
fined by visceral adiposity is associated with the risk of osteopo-
rotic fracture and that a combination of a low skeletal muscle mass
and strength and visceral adiposity may independently predict the
presence of osteoporotic fractures in the obese, while perhaps ex-
cess weight asserts a mechanical signal that induces inflammatory
joint fragility responses that leads to bone destruction especially
in the morbidly overweight older adult [44]. Other data reveal a
trend to increasing hip fractures that are linked to the prevailing
degree of central obesity and possible excess bone marrow fat de-
posits [86]. In essence, even if weight is lost and medication used
to build bone, appear helpful, the combination of a chronic adap-
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togenic pro-inflammatory state, and thereby an increased risk of
sustaining a fall, some forms of pharmacotherapy associated with
obesity and diabetes care can contribute collectively to the patho-
physiology of one or more fragility fractures. In addition to im-
pacting function severely, the added problems of increasing bone
fat mass as well oxidative stress levels alongside muscle mass and
strength declines are likely to affect bone trabecular structure neg-
atively as well as mineral density in the face of unrelenting muscle
fat mass [46,48]. Adding to this probable adverse scenario are data
that point to counter evidence that the obese subject can be found
to have a lower bone quality rather than a higher one, regardless
of their obesity phenotype [91] and where bone mineral density
found to be higher on average in obese young women, may not
be beneficial later on in life in the face of any persistent vitamin
D deficiency [50]. Moreover, the lack of attention to the role of a
declining falls efficacy in the obese type 2 diabetic case alongside
the onset of pain related falls outcomes and mobility declines may
be especially relevant in heightening sedentary practices and oth-
ers that are challenging although not impossible to remediate [51-
55] including obesity linked postural control, gait, muscle strength,
contractility and balance alterations that may further hasten the
onset and perpetuation of unwanted bone attrition as well as in-
jurious falls [34,56,69,72,75]. Consequently, although not standard
practice, it appears the adoption of a more comprehensive thera-
peutic framework that combines pharmacotherapy with resistance
exercises, protein and micronutrient support [34,57] and possibly
falls prevention interventions [54,66,67] may obviate much dis-
ability among many elders as well as those who have fallen [85].
Additionally, a role for routine fracture risk assessments especial-
ly in adults with type 2 diabetes and chronic metabolic syndrome
plus abdominal obesity and those categorized as morbidly obese is
indicated [23], as well as in cases where the subject’s bone micro
architecture is found to be significantly lower compared to others
with less profound obesity as well as healthy weight comparable
controls [63]. In addition, obesity levels as well as malnutrition and
inflammatory factors that predict mortality in type 2 diabetes cases
warrant attention [76].

Clinical Implications

To better address the persistent obesity bone fracture rates
that are not well understood mechanistically [64] it appears more
efforts to reveal molecular pathways linking adiposity, hormonal
signalling, immune regulation, muscle, and bone metabolism with
cognitive health are desirable [8,68.] and should aim to identify the
most influential modifiable pathways of note that may differ from
those of age and other associated osteoporosis processes [92]. At-
tention to possible novel osteoporotic pharmacologic agents there-
after [62], and those that can explain the origins and mitigation
implications for sarcopenic obesity may also be helpful [65,91,92].

In the interim, it appears:

e Aninteractive negative role for obesity in mediating or moder-
ating injurious and non-injurious falls, bone fracture risk, and
integrity at all ages cannot be readily discounted.

e Fractures as well as fracture non-union increasingly recog-
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nized as an outcome of falls as well as metabolic disorders
such as obesity and type 2 diabetes and that can ultimately
induce an osteoarthritis joint state that further heightens in-
dependence losses, possible weight gain and muscle atrophy
and pain warrants insightful cogently counteractive upstream
rather than downstream action plans.

e  More attention to uncovering obesity linked falls mechanisms
plus the impact of excess adipose tissue mechanisms underly-
ing impaired muscle and bone function especially as related
to the role of osteosarcopenia sarcopenia may help minimize
a substantive degree of late life fracture risk and its disabling
impacts quite immeasurably [60,89].

e  Uniform universally agreed upon modes of valid bone and obe-
sity assessments may help advance the ability to more clearly
establish the import of this association and thereby the opti-
mal course of action for mitigating any associated bone trauma
in later life.

e Eliminating barriers to funding for well-defined advanced re-
search, including primary prevention multidimensional an-
ti-obesity lifestyle options and efforts to avert the related on-
set of type 2 diabetes will similarly help advance this field of
inquiry and practice favourably in all likelihood.

e  Atthe same time, more clinically focused and targeted studies
rather than laboratory studies that may not translate consis-
tently into clinical realms as far as fostering muscle mass or
muscle size and improvements in strength, mobility, and fa-
tigue and averting the onset and influence of type 2 diabetes
obesity associations are strongly indicated [68].

Concluding Remarks

Despite gaps in the literature, and possible research oriented
flaws, it appears safe to conclude obesity has a clearly and notable
negating cumulative influence on bone and muscle as well as gen-
eral health especially in later life where it may exacerbate the risk
of being sedentary, incurring serious falls and bone fractures, type
2 diabetes and a possible post hip fracture state of disabling hip
osteoarthritis, a condition that can significantly increase the risks
of single and recurrent falls or trips due to pain, weakness, instabil-
ity, poor balance, gait impairments, obesity, medication side effects,
depression, invasive surgery, and stiffness [95].

Indeed, although obesity has long been deemed to protect
against bone fractures, its impact as a fracture mediator in its own
right appears undeniable. In addition, its link to chronic type 2 di-
abetes appears to encourage an exaggerated form of sarcopenia or
osteosarcopenia and bone fragility despite various forms of weight
management.

As such, rather than assuming obesity is a bone protector and
that one can rely on pharmacologic solutions to reduce this un-
wanted health condition, this approach appears to surely fail to ac-
count for the multi-dimensional interactive impacts of excess body
fat on multiple body systems including bone and muscle structure
and their physiology, and associated body weight control and glu-
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cose homeostasis processes [93].

To advance this field and reduce the burden of failing to in-
tervene in a timely manner to counter much suffering, we believe
it is not only imperative to examine this issue more cogently but
to encourage more enlightened public health awareness options,
alongside more emphasis by clinicians and researchers on pos-
sible behavioural changes that may yet produce more favourable
body composition results versus the negative persistent impacts of
excess fat on multiple tissues and organs attributable to poor nu-
trition, inactivity, a lack of accurate timely information, and med-
ication linked disadvantageous on cognitions, in poorly controlled
type 2 diabetes that may predate joint attrition and its adverse
multidimensional ramifications quite predictably and adversely
[54,55,68,72,73,79,80].

Those older adults demonstrating progressive strength losses
and signs of muscle atrophy, central obesity, including those who
have experienced weight losses [72,73,87], have fallen recurrently,
and have a type 2 diabetes profile should be preferentially target-
ed and educated about their overall health risks and possible bone
macro and micro fracture risks, plus potentially acquiring a state of
chronicinflammation if they adopt a sedentary passive lifestyle [55]
with limited exposure to adequate calcium, protein, and vitamin D
as well as exercise participation opportunities [88]. In this respect,
rather than a total reliance on late life palliative interventions, ef-
forts to counter a long-held belief that obesity protects against bone
fractures, should be more pronounced even in healthy weight wom-
en [79] and especially those with high waist circumferences [90].

Of additional import here may be:

a) Diverse routine screening efforts, the adoption of favourable
lifelong health affirming lifestyle and behavioural efforts, peri-
odic medication checks and follow ups.

b) Attention to eliminating health access disparities, discrimi-
nation of the obese person, environmental mobility hazards,
health illiteracy, and food insecurity.

c¢) More public health and practitioner efforts to discourage sed-
entary lifestyles, the excess reliance on fast or processed foods,
excess screen time, advertising of non-nutritious foods, and
limited vitamin D exposure as this pertains to bone and muscle
health as well as cognitive health and sarcopenic obesity-falls
linked attributes [54,66,89].

d) Efforts to reconsider the importance of vitamin D sufficiency
as well as the specific role of uncontrolled diabetic on bone
health [78], as well calcium plus the adoption of more defini-
tive methods of establishing obesity and its associated appar-
ent bone based inflammatory and muscle function ramifica-
tions, may avert much suffering as well [68,73,74,94].

In addition, practitioners are encouraged to:

1. Actively inspire community leaders, health decision makers
and researchers as well as clients or at-risk clients to do all
they can to prevent obesity and that embodies a series of pro-
active options, opportunities, and environmental and sociolog-
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ical possibilities.

2. Help portray a less fatalistic stance or a state of denial that
nothing can be done when communicating with an aging client
or young at-risk person about body weight issues and its prob-
able impact on bone health as well as well-being.

3. Be willing to form collaborative long-term relationships with
clients in this regard as well as serving as a resource agent for
them as well as their families and community members.

4. Educate the public as well as youth and administrators about
what they can do to save costs and lives by remaining active
and controlling their food choices and intake.

5. Conduct regular pre-clinical screening tests for obesity and
osteoporosis risk on asymptomatic citizens likely to be at risk
for falls, motor as well as cognitive dysfunction, and type 2
diabetes including non-biological social factors, behavioural,
situational, gait mechanics, and environmental predisposing
factors.

6. Offer integrated life-style strategies to at risk or high-risk adult
subgroups [for example those exhibiting abdominal or central
obesity who may feel ashamed to exercise in groups] that are
tailored, goal directed, and embrace physical, mental, pain con-
trol, safety issues, socio-emotional and functional dimensions
of health, not only weight loss, diet and pharmacologic dimen-
sions.

By contrast, as opposed to early efforts to foster awareness
and care, it appears a predominant downstream tertiary preven-
tive view where weight loss alone in a previously obese case is the
sole target may yet exacerbate bone dysfunction and malformation
including cortical and trabecular bone losses, as well as having di-
rect trauma induced bone impacts even in the absence of discern-
ible bone attrition, a tendency to foster type 2 diabetes bone and
muscle degradation states, plus possible balance and gait associat-
ed impacts in those with abdominal or general obesity [65,70,72].
Likewise, poorly understood falls risks and safety issues, the need
for continuous muscle maintenance efforts in the face of obesity/
anti-obesity interventions, plus diabetes related impacts including
some medication regimens and their widespread cognitive and
neuromotor effects will remain impediments to desirable outcomes
if ignored even if drug based approaches appear favourable in ad-
vancing bone mineral density as a whole in our estimation and in-
creasingly supported by substantive diverse researchers [5, 69, 73,
74, 77].

Final Thoughts

By encouraging the early and continuous adoption of healthy
behaviours as the best choice for securing a life of high quality at all
ages it may be possible for individuals at risk for a late life fracture to
acquire a better sense of control over some factors that impact the
ability to age successfully and without a high osteoporotic linked
falls induced fracture risk. Insightful post fracture rehabilitation
strategies that are modified in light of the impact of an obesity and
diabetes history may further prevent an excess degree of emergent
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disability and recurrent traumatically induced joint vulnerability, a
shorter life expectancy, costly medical complications and resource
demands, plus possible secondary fractures.

Acknowledgement

None.

Conflict of Interest

No conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

Citation: Ray Marks*. Obesity and Type 2 Diabetes Collective Impacts on Late Life Bone Fragility Susceptibility, Falls, Fractures, and Hip
Osteoarthritis: a Clinical Overview and Narrative. Arch Rheum & Arthritis Res. 4(1): 2026. ARAR.MS.ID.000576.

Moraes Dantas RL, Sekar ], Thangarasu S, Renganathan G (202) Gaps
in osteoporosis management in a predominantly Hispanic population.
Cureus 17(11): e96704.

Gkastaris K, Goulis DG, Potoupnis M, Athanasios D Anastasilakis,
Georgios Kapetanos (2020) Obesity, osteoporosis and bone metabolism.
] Musculoskelet Neuronal Interact 20(3): 372-381.

Nasser MI, Grgnborg TK, Kristensen FPB, et al. (2026) Elevated fracture
risk in a Danish cohort with type 2 diabetes mellitus and microvascular
diseases. JBMR Plus 10(9): ziag102.

Fan 'Y, Wu H, Lau ESH, Shi M, Fan B, et al. (2026) Associations of general
adiposity, abdominal adiposity, and their changes with fracture risk in
Chinese individuals with type 2 diabetes: a population-based cohort
study in Hong Kong. Diabetes Care 49(7): 1246-1257.

Rodrigues F, Domingos C, Monteiro D, Morouco P (2022) Review on
aging, sarcopenia, falls, and resistance training in community-dwelling
older adults. Int ] Environ Res Publ Hlth 19(2): 874.

Oseni TIA, Ibharokhonre AO, Abdulgafar Lekan Olawumi, Esiemokhai
Samuel Iyalomhe, Caleb Udukhomoshi Adebayo, etal. (2025) Association
between obesity, physical activity and falls among elderly patients
attending the family medicine clinics of a teaching hospital in Southern
Nigeria. BMC Geriatr 25(1): 93.

Filippo LD, Terenzi U, Giustina A (2025) Vitamin D in the elderly: the
phil-rouge in preventing bone, muscle and adipose deterioration? Arch
Endocrinol Metab 70(Spe1l): e250281.

Liu H, Zhu ], Zhang Q, et al. (2026) Life course adiposity and risk of
incident osteoporosis: a prospective cohort study from the UK Biobank.
Front Endocrinol (Lausanne) 17: 1839419.

Shapses SA, McGuire BD (2026) Why do we lose bone during weight
loss: can it be prevented? Curr Osteoporos Rep 24(1): 38.

Pifiar-Gutierrez A, Garcia-Fontana C, Garcia-Fontana B, Manuel Mufioz-
Torres (2022) Obesity and bone health: a complex relationship. Int ] Mol
Sci 23(15): 8303.

Ahn TR, Kim HS, Cha DI, Yoon YC, Lee JH (2026) Visceral adiposity is
associated with low trabecular bone score in postmenopausal women
with osteopenia. Skeletal Radiol 55(11): 2759-2767.

Feng D, Liu ], Bai N, Chen S, Zhou L, et al. (2025) Weight-adjusted waist
index is associated with risk of poor bone quality rather than low bone
mass in patients with type 2 diabetes. Diabetol Metab Syndr 17(1): 177.

Ali D, Tencerova M, Figeac F, Moustapha Kassem, Abbas Jafari (2022)
The pathophysiology of osteoporosis in obesity and type 2 diabetes in
aging women and men: the mechanisms and roles of increased bone
marrow adiposity. Front Endocrinol (Lausanne) 13: 981487.

Hsu YH, Venners SA, Terwedow HA, Yan Feng, Tianhua Niu, et al. (2006)
Relation of body composition, fat mass, and serum lipids to osteoporotic
fractures and bone mineral density in Chinese men and women. Am ]
Clin Nutr 83(1): 146-154.

Lv F, Cai XL, Zhang XY, et al. (2025) Association between body mass
index and lumbar spine volumetric bone mineral density in diabetic and
non-diabetic patients. World ] Diabetes 16(2): 98085.

DOI: 10.33552/ARAR.2026.04.000576

16.

17

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

Turcotte AF, O’Connor S, Morin SN, Gibbs JC, Willie BM, et al. (2021)
Association between obesity and risk of fracture, bone mineral density
and bone quality in adults: a systematic review and meta-analysis. PLoS
One 16(6): e0252487.

. Lopez-Gémez J], Pérez-Castrilléon JL, Garcia de Santos I, et al. (2022)

Influence of obesity on bone turnover markers and fracture risk in
postmenopausal women. Nutrients 14(8): 1617.

Pal R, Prasad TN, Bhadada SK, Veenu Singla, Urmila Yaday, et al. (2024)
Association between bone microarchitecture and sarcopenia in
postmenopausal women with type 2 diabetes. Arch Osteoporos 19(1):
94.

Choi Y], Jeon JY, Ha KH, et al. (2026) Trabecular bone score differs
among prediabetes phenotypes: the potential mediating role of visceral
adiposity. Korean ] Intern Med 41(3): 501-513.

Chaksari HR, Ebrahimi P, Yavari T, Farshad Sharifi, Pedram Ramezai, et
al. (2025) Association between dynapenic abdominal obesity and fall
risk among older adults: a longitudinal study in Birjand. Aging Clin Exp
Res 37(1): 201.

Dirkes RK, Ortinau LC, Rector RS, T Dylan Olver, Pamela S Hinton (2017)
Insulin-stimulated bone blood flow and bone biomechanical properties
are compromised in obese, type 2 diabetic OLETF rats. JBMR Plus 1(2):
116-126.

Rinonapoli G, Pace V, Ruggiero C, Paolo Ceccarini, Michele Bisaccia, et al.
(2021) Obesity and bone: a complex relationship. Int ] Mol Sci 22(24):
13662.

Armutcu F, McCloskey E (2024) Insulin resistance, bone health, and
fracture risk. Osteoporos Int 35(11): 1909-1917.

Hou ], He C, He W, et al. (2020) Obesity and bone health: a complex link.
Front Cell Dev Biol 8: 600181.

Elam RE, Johnson KC, Xu H, Isales CM, Dong Y, et al. (2025) Predictors
of fracture in middle-aged and older adults with type 2 diabetes and
overweight or obesity. ] Clin Endocrinol Metab 110(6): e1911-e1933.

Li Y (2022) Association between obesity and bone mineral density in
middle-aged adults. ] Orthop Surg Res 17(1): 268.

Sun YL, Zhang L, Cao YH, Dai W, Gu TR (2025) Impact of high body
fat and low muscle mass on bone mineral density in postmenopausal
women with type 2 diabetes: A DXA-based cross-sectional study. Aging
Clin Exp Res 37(1): 266.

Rikkonen T, Sund R, Sirola ], Honkanen R, Poole KES, et al. (2021) Obesity
is associated with early hip fracture risk in postmenopausal women: a
25-year follow-up. Osteoporos Int 32(4): 769-777.

Sulimani R (2026) Obesity and bone health: reconciling the density-
fragility paradox. Front Endocrinol (Lausanne) 17: 1864169.

Lv D, Shen S, Chen X (2022) Association between dynapenic abdominal
obesity and fall risk in older adults. Clin Int Aging 17: 439-445.

Zhao X, YuJ, Hu F, Siyuan Chen, Nan Liu (2022) Association of body mass
index and waist circumference with falls in Chinese older adults. Geriatr
Nurs. (New York, NY) 44: 245-250.

Frames CW, Soangra R, Lockhart TE, John Lach, Dong Sam Ha, et al.
(2018) Dynamical properties of postural control in obese community-
dwelling older adults t. Sensors (Basel) 18(6): 1692.

Yang J, Liu ], Wei H, Wang W, Li X (2026) Association between weight-to-
waist ratio and total bone mineral density in US adults: a cross-sectional
study of the National Health and Nutrition Examination Survey 2011-
2018.] Int Med Res 54(6): 3000605261458670.

Legrand MA, Paccou ], Lecerf JM, Thierry Thomas, Roland Chapurlat,
et al. (2026) Bone health following lifestyle-induced weight loss in
individuals with overweight/obesity: a narrative review. Obesity (Silver
Spring) 34(1): 19-35.

Yang Q, Qin C, Lang Y, Yang W, Yang F, et al. (2025) Effectiveness of
sodium-glucose transporter 2 inhibitors and semaglutide on body

Page 8 of 10


http://dx.doi.org/10.33552/ARAR.2026.04.000576
https://pubmed.ncbi.nlm.nih.gov/41393738/
https://pubmed.ncbi.nlm.nih.gov/41393738/
https://pubmed.ncbi.nlm.nih.gov/41393738/
https://pubmed.ncbi.nlm.nih.gov/32877973/
https://pubmed.ncbi.nlm.nih.gov/32877973/
https://pubmed.ncbi.nlm.nih.gov/32877973/
https://pubmed.ncbi.nlm.nih.gov/42060378/
https://pubmed.ncbi.nlm.nih.gov/42060378/
https://pubmed.ncbi.nlm.nih.gov/42060378/
https://pubmed.ncbi.nlm.nih.gov/42060378/
https://pubmed.ncbi.nlm.nih.gov/35055695/
https://pubmed.ncbi.nlm.nih.gov/35055695/
https://pubmed.ncbi.nlm.nih.gov/35055695/
https://pubmed.ncbi.nlm.nih.gov/39939908/
https://pubmed.ncbi.nlm.nih.gov/39939908/
https://pubmed.ncbi.nlm.nih.gov/39939908/
https://pubmed.ncbi.nlm.nih.gov/39939908/
https://pubmed.ncbi.nlm.nih.gov/39939908/
https://pubmed.ncbi.nlm.nih.gov/41337665/
https://pubmed.ncbi.nlm.nih.gov/41337665/
https://pubmed.ncbi.nlm.nih.gov/41337665/
https://pubmed.ncbi.nlm.nih.gov/42714789/
https://pubmed.ncbi.nlm.nih.gov/42714789/
https://pubmed.ncbi.nlm.nih.gov/35955431/
https://pubmed.ncbi.nlm.nih.gov/35955431/
https://pubmed.ncbi.nlm.nih.gov/35955431/
https://link.springer.com/article/10.1007/s00256-026-05299-9
https://link.springer.com/article/10.1007/s00256-026-05299-9
https://link.springer.com/article/10.1007/s00256-026-05299-9
https://pubmed.ncbi.nlm.nih.gov/40442819/
https://pubmed.ncbi.nlm.nih.gov/40442819/
https://pubmed.ncbi.nlm.nih.gov/40442819/
https://pubmed.ncbi.nlm.nih.gov/36187112/
https://pubmed.ncbi.nlm.nih.gov/36187112/
https://pubmed.ncbi.nlm.nih.gov/36187112/
https://pubmed.ncbi.nlm.nih.gov/36187112/
https://pubmed.ncbi.nlm.nih.gov/16400063/
https://pubmed.ncbi.nlm.nih.gov/16400063/
https://pubmed.ncbi.nlm.nih.gov/16400063/
https://pubmed.ncbi.nlm.nih.gov/16400063/
https://pubmed.ncbi.nlm.nih.gov/34101735/
https://pubmed.ncbi.nlm.nih.gov/34101735/
https://pubmed.ncbi.nlm.nih.gov/34101735/
https://pubmed.ncbi.nlm.nih.gov/34101735/
https://pubmed.ncbi.nlm.nih.gov/35458178/
https://pubmed.ncbi.nlm.nih.gov/35458178/
https://pubmed.ncbi.nlm.nih.gov/35458178/
https://link.springer.com/article/10.1007/s11657-024-01450-y
https://link.springer.com/article/10.1007/s11657-024-01450-y
https://link.springer.com/article/10.1007/s11657-024-01450-y
https://link.springer.com/article/10.1007/s11657-024-01450-y
https://pubmed.ncbi.nlm.nih.gov/40580265/
https://pubmed.ncbi.nlm.nih.gov/40580265/
https://pubmed.ncbi.nlm.nih.gov/40580265/
https://pubmed.ncbi.nlm.nih.gov/40580265/
https://pubmed.ncbi.nlm.nih.gov/30283885/
https://pubmed.ncbi.nlm.nih.gov/30283885/
https://pubmed.ncbi.nlm.nih.gov/30283885/
https://pubmed.ncbi.nlm.nih.gov/30283885/
https://pubmed.ncbi.nlm.nih.gov/34948466/
https://pubmed.ncbi.nlm.nih.gov/34948466/
https://pubmed.ncbi.nlm.nih.gov/34948466/
https://pubmed.ncbi.nlm.nih.gov/39264439/
https://pubmed.ncbi.nlm.nih.gov/39264439/
https://pubmed.ncbi.nlm.nih.gov/39259653/
https://pubmed.ncbi.nlm.nih.gov/39259653/
https://pubmed.ncbi.nlm.nih.gov/39259653/
https://pubmed.ncbi.nlm.nih.gov/35568921/
https://pubmed.ncbi.nlm.nih.gov/35568921/
https://pubmed.ncbi.nlm.nih.gov/40886247/
https://pubmed.ncbi.nlm.nih.gov/40886247/
https://pubmed.ncbi.nlm.nih.gov/40886247/
https://pubmed.ncbi.nlm.nih.gov/40886247/
https://pubmed.ncbi.nlm.nih.gov/33095419/
https://pubmed.ncbi.nlm.nih.gov/33095419/
https://pubmed.ncbi.nlm.nih.gov/33095419/
https://pubmed.ncbi.nlm.nih.gov/42500129/
https://pubmed.ncbi.nlm.nih.gov/42500129/
https://pubmed.ncbi.nlm.nih.gov/35248838/
https://pubmed.ncbi.nlm.nih.gov/35248838/
https://pubmed.ncbi.nlm.nih.gov/35248838/
https://pubmed.ncbi.nlm.nih.gov/29794998/
https://pubmed.ncbi.nlm.nih.gov/29794998/
https://pubmed.ncbi.nlm.nih.gov/29794998/
https://journals.sagepub.com/doi/10.1177/03000605261458670
https://journals.sagepub.com/doi/10.1177/03000605261458670
https://journals.sagepub.com/doi/10.1177/03000605261458670
https://journals.sagepub.com/doi/10.1177/03000605261458670
http://pubmed.ncbi.nlm.nih.gov/41070756/
http://pubmed.ncbi.nlm.nih.gov/41070756/
http://pubmed.ncbi.nlm.nih.gov/41070756/
http://pubmed.ncbi.nlm.nih.gov/41070756/
https://pubmed.ncbi.nlm.nih.gov/40837607/
https://pubmed.ncbi.nlm.nih.gov/40837607/

Archives of Rheumatology & Arthritis Research Volume 4-Issue 1

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Citation: Ray Marks*. Obesity and Type 2 Diabetes Collective Impacts on Late Life Bone Fragility Susceptibility, Falls, Fractures, and Hip
Osteoarthritis: a Clinical Overview and Narrative. Arch Rheum & Arthritis Res. 4(1): 2026. ARAR.MS.ID.000576.

composition in type 2 diabetes mellitus and chronic kidney disease: a
real-world cohort study with bioelectrical impedance analysis. Diabetes
Metab Syndr Obes 18: 2885-2897.

Jose A, Cherian KE, Nandyal MB, Jiwanmall SA, Kattula D, et al. (2021)
Trabecular bone score and bone mineral density in postmenopausal
women with morbid obesity-a clinical paradox. Med Sci (Basel) 9(4): 69.

Crivelli M, Chain A, Da Silva ITF, Amin M Waked, Flavia F Bezerra (2021)
Association of visceral and subcutaneous fat mass with bone density and
vertebral fractures in women with severe obesity. ] Clin Densitom 24(3):
397-405.

Guo K, Zhang R, Zhang X, et al. (2026) Associations between total and
regional fat-to-muscle mass ratio and fracture risk in elderly population:
a prospective cohort study in UK Biobank. Front Med (Lausanne) 13:
1830114.

Sotiriadi-Vlachou S (2017) Obesity and its relationship with falls,
fracture site and bone mineral density in postmenopausal women. ]
Frailty Sarcopenia Falls 2(2): 28-32.

Yin H, Ma Y, Liu X, Liu C, Dong T, et al. (2026) Diabetes-related foot
disease and sarcopenia-related traits: evidence from US and Chinese
cohorts and Mendelian randomization. Aging Clin Exp Res 38(1): 92.

PiY, LiY, Ye X, Mei M, Liao K, et al. (2025) Dynapenic abdominal obesity:
an important hallmark of metabaging in patients with type 2 diabetes.
Endocrine 90(3): 1177-1186.

Bland VL, Klimentidis YC, Bea JW, Roe DJ, Funk JL, et al. (2022) Cross-
sectional associations between adipose tissue depots and areal bone
mineral density in the UK Biobank imaging study. Osteoporos Int 33(2):
391-402.

Chen H, Yi YY, Zhang SB, Hao-Wei Xu, Xin-Yue Fang, et al. (2022)
Sarcopenic obesity defined by visceral adiposity was associated with
osteoporotic vertebral fracture. Arch Osteoporos 17(1): 1-0.

Glavas C, Mesinovic ], Ebeling PR, Surbhi Sood, Elena S George, et al.
(2026) Comparing bone and muscle parameters in community-dwelling
older adults with obesity, with or without type 2 diabetes mellitus. Bone
202:117680.

Leanza G, Faraj M, Cannata F, Viola Viola, Niccolo Pellegrini, et al. (2026)
Bone inflammation in postmenopausal women with type 2 diabetes or
obesity in relation to Wnt signaling and bone strength. Metabolism 177:
156492.

Mirkovi¢ M, Veki¢ ], Bogavac-Stanojevi¢ N, Jelena Kotur-Stevuljevi¢,
Neda Milinkovi¢, et al. (2026) Effect of oxidative stress intensity on
inflammatory, bone turnover, and haemostasis biomarkers in patients
with spinal osteoarthritis. Life (Basel) 16(2): 321.

Manupibul U, Jarumethitanont W, Tanthuwapathom R, Weerawat
Limroongreungrat, Warakorn Charoensuk (2026) Evaluation of the
biomechanics of lower limbs in normal, overweight, and obese people
using the SMART F-IMU system. Sci Rep 16(1): 28533.

Chain A, Faerstein E, Wahrlich V, Bezerra FF (2021) Obesity, dynapenia,
and their combination: Implications for bone mineral density in
Brazilian adults-the Pré-Satde study. Nutrition 81: 110898.

Kim SY, Kim MS, Sim S, Bumjung Park, Hyo Geun Choi (2016) Association
between obesity and falls among Korean adults: a population-based
cross-sectional study. Medicine (Baltimore) 95(12): e3130.

De Tejada-Romero MJG, Saavedra-Santana P, De la Rosa-Fernandez F, F de
la Rosa-Fernandez, N Suarez-Ramirez, et al. (2022) Effect of obesity on
fragility fractures, BMD and vitamin D levels in postmenopausal women.
Influence of type 2 diabetes mellitus. Acta Diabetol 59(9): 1201-1208.

Huang B, Xu F, Yang J], et al. (2026) Association of triglyceride glucose
index and volumetric bone mineral density in T2DM: fat distribution as
a potential indirect link. Front Cell Dev Biol 14: 1811476.

Yerlikaya FH, Eryavuz Onmaz D (2022) Inflammation and bone turnover
marKers in adult obesity. ] Clin Densitom 25(4): 470-474.

DOI: 10.33552/ARAR.2026.04.000576

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Lei S, Wang M, Lei X, et al. (2026) Lifestyle clusters and bone mineral
density in Chinese adults: a cross-sectional study with cluster analysis.
Front Endocrinol (Lausanne) 17: 1904158.

Jeon BJ (2013) The effects of obesity on fall efficacy in elderly people. ]
Phys Ther Sci 25(11): 1485-1489.

Rouach V, Regev O, Gortler H, Yona Greenman, Gabriel Chodick, et al.
(2026) Fracture and mortality outcomes by osteoporosis treatment
route in patients with type 2 diabetes and obesity: a propensity-matched
registry study. Front Endocrinol (Lausanne) 17: 1688669.

Park CH, Jeon JH, Kim M] (2026) Metabolic sarcopenia in the era
of incretin-based therapy: a narrative review of mitochondrial
determinants of muscle quality and emerging therapeutic strategies. ]
Yeungnam Med Sci 43: 61.

ZhangY,LinL, ZhengL, Lin X, Xu Z, et al. (2026) Waist-to-body mass index
ratio and risk of musculoskeletal disease in type 2 diabetes: a cohort and
phip-seq analysis. ] Cachexia Sarcopenia Muscle 17(4): e70336.

He JH, Oyeka CP, Ma ], et al. (2026) Weight loss lifestyle intervention and
bone health hormonal markers in type 2 diabetes: analysis from look
AHEAD study. ] Endocr Soc 10(5): bvag089.

Scarborough OM, Kennedy C, Morris O, Mokshin A, Ghadimi SAB, et
al. (2025) Risk factors for trimalleolar ankle fracture: a single-centre
retrospective analysis. Cureus 17(11): e98158.

Castillo IMP, Argilés M, Rueda R, Ramirez M, Pedrosa JMP (2025)
Skeletal muscle atrophy and dysfunction in obesity and type-2 diabetes
mellitus: myocellular mechanisms involved. Rev Endocr Metab Disord
26(5): 815-836.

Pu S, Liu Y, Wu W, Sun F, Lu H, et al. (2024) Aging related obesity and
type 2 diabetes mellitus suppress neuromuscular communication and
aggravate skeletal muscle dysfunction in rhesus monkeys. Heliyon
10(7): e28549.

Jose A, Cherian KE, Nandyal MB, Stephen A Jiwanmall, Dheeraj Kattula,
et al. (2021) Trabecular bone score and bone mineral density in
postmenopausal women with morbid obesity-a clinical paradox. Med
Sci (Basel) 9(4): 69.

Bathina S, Armamento-Villareal R (2023) The complex pathophysiology
of bone fragility in obesity and type 2 diabetes mellitus: therapeutic
targets to promote osteogenesis. Front Endocrinol (Lausanne) 14:
1168687.

Candido LM, Bae JH, Kim DY, Munkh-Erdene Bayartai, Laura Abbruzzese,
et al. (2025) Identifying key predictors of sarcopenic obesity in italian
severely obese older adults: deep learning approach. J Clin Med 14(9):
3069.

Follis S, Cook A, Bea JW, Going SB, Laddu D, et al. (2018) Association
between sarcopenic obesity and falls in a multiethnic cohort of
postmenopausal women. ] Am Geriatr Soc 66(12): 2314-2320.

Corna S, Aspesi V, Cau N, Federica Scarpina, Natalia Gattini Valdés, et
al. (2017) Dizziness and falls in obese inpatients undergoing metabolic
rehabilitation. PLoS One 12(1): e0169322.

Roberts BM (2026) Targeting skeletal muscle wasting: emerging
therapeutics and translational challenges. Biochim Biophys Acta Gen
Subj 1870(12): 131001.

Wang C, Chan JS, Ren L, Yan JH (2016) Obesity reduces cognitive and
motor functions across the lifespan. Neural Plast 2016: 2473081.

Qi W, Yu W, Pang Q, Chen L, Tang S, et al. (2026) Associations between
abdominal obesity and the prevalence of fractures among Chinese adults:
insights from a nationwide cross-sectional study. Front Endocrinol
(Lausanne) 17: 1759573.

Cesanelli L, Degens H, Minderis P, D Satkunskiene (2026) From twitch
to relaxation: Obesity dysregulates muscle contractile function. Physiol
Rep 14(4): e70731.

Page 9 of 10


http://dx.doi.org/10.33552/ARAR.2026.04.000576
https://pubmed.ncbi.nlm.nih.gov/40837607/
https://pubmed.ncbi.nlm.nih.gov/40837607/
https://pubmed.ncbi.nlm.nih.gov/40837607/
https://pubmed.ncbi.nlm.nih.gov/34842748/
https://pubmed.ncbi.nlm.nih.gov/34842748/
https://pubmed.ncbi.nlm.nih.gov/34842748/
http://pubmed.ncbi.nlm.nih.gov/33109469/
http://pubmed.ncbi.nlm.nih.gov/33109469/
http://pubmed.ncbi.nlm.nih.gov/33109469/
http://pubmed.ncbi.nlm.nih.gov/33109469/
https://pubmed.ncbi.nlm.nih.gov/32300680/
https://pubmed.ncbi.nlm.nih.gov/32300680/
https://pubmed.ncbi.nlm.nih.gov/32300680/
https://pubmed.ncbi.nlm.nih.gov/41787204/
https://pubmed.ncbi.nlm.nih.gov/41787204/
https://pubmed.ncbi.nlm.nih.gov/41787204/
https://pubmed.ncbi.nlm.nih.gov/40908392/
https://pubmed.ncbi.nlm.nih.gov/40908392/
https://pubmed.ncbi.nlm.nih.gov/40908392/
https://pubmed.ncbi.nlm.nih.gov/34490505/
https://pubmed.ncbi.nlm.nih.gov/34490505/
https://pubmed.ncbi.nlm.nih.gov/34490505/
https://pubmed.ncbi.nlm.nih.gov/34490505/
https://pubmed.ncbi.nlm.nih.gov/35249182/
https://pubmed.ncbi.nlm.nih.gov/35249182/
https://pubmed.ncbi.nlm.nih.gov/35249182/
https://pubmed.ncbi.nlm.nih.gov/41083135/
https://pubmed.ncbi.nlm.nih.gov/41083135/
https://pubmed.ncbi.nlm.nih.gov/41083135/
https://pubmed.ncbi.nlm.nih.gov/41083135/
https://pubmed.ncbi.nlm.nih.gov/41519225/
https://pubmed.ncbi.nlm.nih.gov/41519225/
https://pubmed.ncbi.nlm.nih.gov/41519225/
https://pubmed.ncbi.nlm.nih.gov/41519225/
https://pubmed.ncbi.nlm.nih.gov/41752957/
https://pubmed.ncbi.nlm.nih.gov/41752957/
https://pubmed.ncbi.nlm.nih.gov/41752957/
https://pubmed.ncbi.nlm.nih.gov/41752957/
https://pubmed.ncbi.nlm.nih.gov/42331987/
https://pubmed.ncbi.nlm.nih.gov/42331987/
https://pubmed.ncbi.nlm.nih.gov/42331987/
https://pubmed.ncbi.nlm.nih.gov/42331987/
https://pubmed.ncbi.nlm.nih.gov/32739661/
https://pubmed.ncbi.nlm.nih.gov/32739661/
https://pubmed.ncbi.nlm.nih.gov/32739661/
https://pubmed.ncbi.nlm.nih.gov/27015190/
https://pubmed.ncbi.nlm.nih.gov/27015190/
https://pubmed.ncbi.nlm.nih.gov/27015190/
https://pubmed.ncbi.nlm.nih.gov/35789433/
https://pubmed.ncbi.nlm.nih.gov/35789433/
https://pubmed.ncbi.nlm.nih.gov/35789433/
https://pubmed.ncbi.nlm.nih.gov/35789433/
https://pubmed.ncbi.nlm.nih.gov/36057471/
https://pubmed.ncbi.nlm.nih.gov/36057471/
https://pubmed.ncbi.nlm.nih.gov/24396217/
https://pubmed.ncbi.nlm.nih.gov/24396217/
https://pubmed.ncbi.nlm.nih.gov/41710403/
https://pubmed.ncbi.nlm.nih.gov/41710403/
https://pubmed.ncbi.nlm.nih.gov/41710403/
https://pubmed.ncbi.nlm.nih.gov/41710403/
https://pubmed.ncbi.nlm.nih.gov/42680135/
https://pubmed.ncbi.nlm.nih.gov/42680135/
https://pubmed.ncbi.nlm.nih.gov/42680135/
https://pubmed.ncbi.nlm.nih.gov/42680135/
https://pubmed.ncbi.nlm.nih.gov/42563592/
https://pubmed.ncbi.nlm.nih.gov/42563592/
https://pubmed.ncbi.nlm.nih.gov/42563592/
https://pubmed.ncbi.nlm.nih.gov/41346915/
https://pubmed.ncbi.nlm.nih.gov/41346915/
https://pubmed.ncbi.nlm.nih.gov/41346915/
https://pubmed.ncbi.nlm.nih.gov/40064750/
https://pubmed.ncbi.nlm.nih.gov/40064750/
https://pubmed.ncbi.nlm.nih.gov/40064750/
https://pubmed.ncbi.nlm.nih.gov/40064750/
https://www.sciencedirect.com/science/article/pii/S2405844024045808
https://www.sciencedirect.com/science/article/pii/S2405844024045808
https://www.sciencedirect.com/science/article/pii/S2405844024045808
https://www.sciencedirect.com/science/article/pii/S2405844024045808
https://pubmed.ncbi.nlm.nih.gov/34842748/
https://pubmed.ncbi.nlm.nih.gov/34842748/
https://pubmed.ncbi.nlm.nih.gov/34842748/
https://pubmed.ncbi.nlm.nih.gov/34842748/
https://pubmed.ncbi.nlm.nih.gov/37576965/
https://pubmed.ncbi.nlm.nih.gov/37576965/
https://pubmed.ncbi.nlm.nih.gov/37576965/
https://pubmed.ncbi.nlm.nih.gov/37576965/
https://pubmed.ncbi.nlm.nih.gov/40364101/
https://pubmed.ncbi.nlm.nih.gov/40364101/
https://pubmed.ncbi.nlm.nih.gov/40364101/
https://pubmed.ncbi.nlm.nih.gov/40364101/
https://pubmed.ncbi.nlm.nih.gov/30375641/
https://pubmed.ncbi.nlm.nih.gov/30375641/
https://pubmed.ncbi.nlm.nih.gov/30375641/
https://pubmed.ncbi.nlm.nih.gov/28076370/
https://pubmed.ncbi.nlm.nih.gov/28076370/
https://pubmed.ncbi.nlm.nih.gov/28076370/
https://www.sciencedirect.com/science/article/abs/pii/S0304416526001017
https://www.sciencedirect.com/science/article/abs/pii/S0304416526001017
https://www.sciencedirect.com/science/article/abs/pii/S0304416526001017
https://pubmed.ncbi.nlm.nih.gov/26881095/
https://pubmed.ncbi.nlm.nih.gov/26881095/
https://pubmed.ncbi.nlm.nih.gov/41821739/
https://pubmed.ncbi.nlm.nih.gov/41821739/
https://pubmed.ncbi.nlm.nih.gov/41821739/
https://pubmed.ncbi.nlm.nih.gov/41821739/
https://pubmed.ncbi.nlm.nih.gov/41693322/
https://pubmed.ncbi.nlm.nih.gov/41693322/
https://pubmed.ncbi.nlm.nih.gov/41693322/

Archives of Rheumatology & Arthritis Research Volume 4-Issue 1

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Citation: Ray Marks*. Obesity and Type 2 Diabetes Collective Impacts on Late Life Bone Fragility Susceptibility, Falls, Fractures, and Hip
Osteoarthritis: a Clinical Overview and Narrative. Arch Rheum & Arthritis Res. 4(1): 2026. ARAR.MS.ID.000576.

Simoneau M, Teasdale N (2015) Balance control impairment in obese
individuals is caused by larger balance motor commands variability. Gait
Posture 41(1): 203-208.

JinY, Kim D (2026) Low muscle function and obesity defined by handgrip
strength or sit-to-stand performance in relation to depressive symptoms
and cognitive impairment in Korean older adults. Ann Geriatr Med Res
Sep 15.

Vidal-Seguel N, Sepulveda-Lara A, Carranza-Leiva ], et al. (2026) Effects
of 12-week resistance training on metabolic and immune responses in
normal-weight and older women with obesity. Int ] Mol Sci 27(17): 7592.

Chen H, Luo Y, Li Y, Zhang ] (2026) Obesity metrics and fall severity in
older adults: a cross-sectional analysis of weight-adjusted waist index
and conventional anthropometric measures. Exp Gerontol 217: 113099.

Keech AC, O’Connell RL, Januszewski AS, et al. (2026) FIELD trial
investigators. Indices of obesity, malnutrition and inflammation are
strong predictors of mortality in adults with type 2 diabetes: the FIELD
study. Diabetologia Sep 17.

Zhang T, Wu Y, Li S, Jason Leung, Timothy Kwok (2026) Divergent amino
acid profiles in sarcopenic obesity versus non-obese sarcopenia: A
prospective cohort study in community-dwelling older adults. ] Nutr
Health Aging 30(11): 100985.

Kong SH (2026) Revisiting the role of vitamin D in fracture prevention in
the era of mega-trials. Endocrinol Metab (Seoul) 41(2): 203-209.

Ueki S, Shoji T, Yamasaki T, Hiroyuki Morita, Yosuke Kozuma, et al.
(2025) High prevalence and underdiagnosis of osteoporosis in total
hip arthroplasty candidates: a comprehensive assessment using bone
mineral density, trabecular bone score, and bone turnover markers. ]
Orthop Surg Res 21(1): 62.

Li Q, Miao G, Yang Z, et al. (2026) Prevalence and associated factors of
osteoarthritis and osteoporosis among Chinese adults aged 60 years or
older: a multicenter cross-sectional study. Front Publ Hlth 14: 1905264.

Mitchell R, Lord SR, Harvey LA, Jacqueline C T Close (2014) Associations
between obesity and overweight and fall risk, health status and quality
of life in older people. Austral New Zealand ] Publ Hlth 38(1): 13-18.

Lockhart TE, Frames CW, Soangra R, Abraham Lieberman (2019) Effects
of obesity and fall risk on gait and posture of community-dwelling older
adults. Int ] Prognostics Hith Management 10(1): 019.

Neri SG, Gadelha AB, De David AC, Aparecido Pimentel Ferreira,
Marisete Peralta Safons, et al. (2019) The association between body
adiposity measures, postural balance, fear of falling, and fall risk in older
community-dwelling women. ] Geriat Phys Ther 42(3): E94-100.

DOI: 10.33552/ARAR.2026.04.000576

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

GR Neri S, S Oliveira ], B Dario A, Ricardo M Lima, Anne Tiedemann
(2020) Does obesity increase the risk and severity of falls in people
aged 60 years and older? A systematic review and meta-analysis of
observational studies. ] Gerontol: Series A 75(5): 952-960.

Cho BY, Seo DC, Lin HC, David K Lohrmann, Andrea K Chomistek (2018)
BMI and central obesity with falls among community-dwelling older
adults. Am ] Preventive Med 54(4): e59-66.

Sadeghi O, Saneei P, Nasiri M, Bagher Larijani, Ahmad Esmaillzadeh
(2017) Abdominal obesity and risk of hip fracture: a systematic review
and meta-analysis of prospective studies. Adv Nutr 8(5): 728-738.

Zheng R, Byberg L, Larsson SC, Jonas Hoijer, John A Baron, et al. (2020)
Prior loss of body mass index, low body mass index, and central obesity
independently contribute to higher rates of fractures in elderly women
and men. ] Bone Min Res 36(7): 1288-1299.

Gandham A, Mesinovic |, Jansons P, Ayse Zengin, Maxine P Bonham, et
al. (2021) Falls, fractures, and areal bone mineral density in older adults
with sarcopenic obesity: a systematic review and meta-analysis. Obesity
Rev 22(5): e13187.

Du Y, Oh C, No JK (2017) Osteosarcopenic obesity in elderly: the cascade
of bone, muscle, and fat in inflammatory process. Culinary Sci & Hospital
Res 23(6): 173-183.

Ofir O, Buch A, Rouach V, Rebecca Goldsmith, Naftali Stern, et al. (2020)
Association between abdominal obesity and fragility fractures among
elderly Israeli women. Aging Clin Exp Res 32(8): 1459-1467.

Chedraui P, Giannini A, Simoncini T (2025) Osteo-sarcopenic obesity in
midlife and older women: a current worldwide public health challenge.
Climacteric 28(6): 751-754.

. Gkastaris K, Goulis DG, Potoupnis M, Athanasios D Anastasilakis,

Georgios Kapetanos (2020) Obesity, osteoporosis and bone metabolism.
] Musculoskel Neur Int 20(3): 372-381.

Greco EA, Lenzi A, Migliaccio S (2015) The obesity of bone. Ther Adv
Endocrinol Metab 6(6): 273-286.

Legrand MA, Paccou ], Lecerf ]M, Thierry Thomas, Roland Chapurlat,
et al. (2026) Bone health following lifestyle induced weight loss in
individuals with overweight/obesity: a narrative review. Obesity 34(1):
19-35.

Hoops ML, Rosenblatt NJ, Hurt CP, Jeremy Crenshaw, Mark D Grabiner
(2012) Does lower extremity osteoarthritis exacerbate risk factors for
falls in older adults?. Women’s Health 8(6): 685-698.

Page 10 of 10


http://dx.doi.org/10.33552/ARAR.2026.04.000576
https://pubmed.ncbi.nlm.nih.gov/25455209/
https://pubmed.ncbi.nlm.nih.gov/25455209/
https://pubmed.ncbi.nlm.nih.gov/25455209/
https://pubmed.ncbi.nlm.nih.gov/41850347/
https://pubmed.ncbi.nlm.nih.gov/41850347/
https://pubmed.ncbi.nlm.nih.gov/41850347/
https://www.sciencedirect.com/science/article/pii/S1279770726002186
https://www.sciencedirect.com/science/article/pii/S1279770726002186
https://www.sciencedirect.com/science/article/pii/S1279770726002186
https://www.sciencedirect.com/science/article/pii/S1279770726002186
https://pubmed.ncbi.nlm.nih.gov/41776609/
https://pubmed.ncbi.nlm.nih.gov/41776609/
https://pubmed.ncbi.nlm.nih.gov/41457290/
https://pubmed.ncbi.nlm.nih.gov/41457290/
https://pubmed.ncbi.nlm.nih.gov/41457290/
https://pubmed.ncbi.nlm.nih.gov/41457290/
https://pubmed.ncbi.nlm.nih.gov/41457290/
https://pubmed.ncbi.nlm.nih.gov/24494939/
https://pubmed.ncbi.nlm.nih.gov/24494939/
https://pubmed.ncbi.nlm.nih.gov/24494939/
https://pubmed.ncbi.nlm.nih.gov/32257579/
https://pubmed.ncbi.nlm.nih.gov/32257579/
https://pubmed.ncbi.nlm.nih.gov/32257579/
https://pubmed.ncbi.nlm.nih.gov/29227413/
https://pubmed.ncbi.nlm.nih.gov/29227413/
https://pubmed.ncbi.nlm.nih.gov/29227413/
https://pubmed.ncbi.nlm.nih.gov/29227413/
https://pubmed.ncbi.nlm.nih.gov/31750880/
https://pubmed.ncbi.nlm.nih.gov/31750880/
https://pubmed.ncbi.nlm.nih.gov/31750880/
https://pubmed.ncbi.nlm.nih.gov/31750880/
https://pubmed.ncbi.nlm.nih.gov/29433954/
https://pubmed.ncbi.nlm.nih.gov/29433954/
https://pubmed.ncbi.nlm.nih.gov/29433954/
https://pubmed.ncbi.nlm.nih.gov/28916573/
https://pubmed.ncbi.nlm.nih.gov/28916573/
https://pubmed.ncbi.nlm.nih.gov/28916573/
https://pubmed.ncbi.nlm.nih.gov/33784427/
https://pubmed.ncbi.nlm.nih.gov/33784427/
https://pubmed.ncbi.nlm.nih.gov/33784427/
https://pubmed.ncbi.nlm.nih.gov/33784427/
https://pubmed.ncbi.nlm.nih.gov/33491333/
https://pubmed.ncbi.nlm.nih.gov/33491333/
https://pubmed.ncbi.nlm.nih.gov/33491333/
https://pubmed.ncbi.nlm.nih.gov/33491333/
https://pubmed.ncbi.nlm.nih.gov/31522392/
https://pubmed.ncbi.nlm.nih.gov/31522392/
https://pubmed.ncbi.nlm.nih.gov/31522392/
https://pubmed.ncbi.nlm.nih.gov/41122794/
https://pubmed.ncbi.nlm.nih.gov/41122794/
https://pubmed.ncbi.nlm.nih.gov/41122794/
https://pubmed.ncbi.nlm.nih.gov/32877973/
https://pubmed.ncbi.nlm.nih.gov/32877973/
https://pubmed.ncbi.nlm.nih.gov/32877973/
https://pubmed.ncbi.nlm.nih.gov/26623005/
https://pubmed.ncbi.nlm.nih.gov/26623005/
https://pubmed.ncbi.nlm.nih.gov/41070756/
https://pubmed.ncbi.nlm.nih.gov/41070756/
https://pubmed.ncbi.nlm.nih.gov/41070756/
https://pubmed.ncbi.nlm.nih.gov/41070756/
https://pubmed.ncbi.nlm.nih.gov/23181533/
https://pubmed.ncbi.nlm.nih.gov/23181533/
https://pubmed.ncbi.nlm.nih.gov/23181533/

