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Abstract

Obesity is known to affect a high percentage of both adults and children in developed countries.
Individuals with obesity are at risk of developing a number of comorbidities, as well as metabolic
syndrome, which can create a low-grade systemic inflammmatory state that further exacerbates the
risk of developing comorbidities. Two systems that are susceptible to obesity-related effects are the
musculoskeletal system, which contributes to mobility via the bones, muscles, tendons, and joints,
and the eye, which contributes to mobility via fidelity of navigation through the environment.
Subsequently, the loss of integrity in these systems can lead to sedentary behaviour, inability to
exercise, and increased risk of developing cardiovascular and respiratory diseases, loss of cognition,
and falls. This review focusses on the impact of obesity on elements of the musculoskeletal system
and the eye, with particular focus on the involvement of inflammation and how this may affect
mobility and navigation. Finally, the use of prebiotics in altering the inflammatory state associated
with obesity via the gut microbiome is discussed as one approach to address issues related to
mobility and navigation.
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INTRODUCTION

Obesity has become an epidemic according to
many, with >35% of individuals defined as being
obese or having obesity in the developed world.
This epidemic affects adults as well as children
and adolescents, and the increasing numbers
of affected individuals have led to the condition
being officially recognised as a disease. However,
it is a highly heterogeneous disease, as a large
number of genes have been implicated in obesity
or the risk of obesity>> Although the root of
this epidemic, which has appeared and gained
traction over the past 40 years, is not clear,
diets high in fat and sugar have been implicated,
as well as sedentary behaviour and genetics
and epigenetics.'®’

A central issue related to obesity is not obesity
itself, but the consequences of the condition
on multiple host systems; these include
insulin resistance and Type 2 diabetes mellitus
(T2DM), elevated risk for cardiovascular
disease, increased risk of osteoarthritis (OA)
and joint damage, decline in cognitive integrity,
sarcopenia, fatty liver disease, and loss of gut
integrity.'’® The realisation of these obesity-
related risks often also depends on other
genetic or epigenetic risks associated with
specific tissues or organs.®™

The question then arises as to whether all or
most of the aforementioned obesity-related
risks are independent risk factors, or whether
there are common elements associated with
obesity that could impact a diverse set of target
tissues or organs to mediate much of this risk.
While not definitive, one possible explanation
is the development of an obesity-associated
metabolic syndrome (MetS) with an
accompanying low-grade inflammatory state.”®
This inflammatory state may reside in alterations
to the host regulation of systemic inflammatory
processes and activation of fat depots by
excessive energy or fat intake from the diet,
but it may also be a consequence of diet-
induced alterations to the gut microbiome,
with the release of mediators, such as bacterial
lipopolysaccharide (LPS), which translocate
to the systemic circulation via a ‘leaky’ gut as a
result of the diet.”® Thus, the inflammatory state
of an individual with chronic obesity is the result
of a combination of direct dietary effects on
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host systems, in addition to its impact on the
microbiome and associated gut tissues.

These two contributors to disrupted
inflammatory regulation can be separated using
preclinical models, in which short-term responses
to an obesity-inducing environment can be
evaluated. Thus, very short-term exposure of
rats to a high-fat high-sucrose (HFS) diet can
lead to inflammatory changes in some muscles
within days,”® before detectable alterations to
plasma LPS concentrations can be detected.
Over time, the gut-associated parameters
and the host parameters may contribute to a
chronic state of altered inflammatory regulation.
Whether this latter state is completely reversible
remains an open question, because with chronicity
also comes the risk of epigenetic alterations that
may preclude complete reversibility.

As obesity and its associated dysregulation of
inflammatory processes is complex, disruption
of some systems may be interactive and have
synergistic sequelae over time (e.g., T2DM and
inflammation during muscle or cardiovascular
repair), and not everyone has the same
components of MetS disrupted.”® However, to
address all of the potential areas affected is
beyond the scope of this review. Therefore,
this review is focussed on those systems that
are impacted by inflammation associated
with obesity and related to a common and
fundamental process of human life: mobility
and navigation through the environment.
Thus, the loss of integrity of muscles, bones,
the cardiovascular system, articulating joints,
and cognition have all been implicated as risks
of ineffective mobility. With loss of mobility
comes an accelerated loss of the integrity of
these systems, an inability to lose weight
and restore function through exercise, and
a downward spiral to early death for many.
Humans have evolved to be a highly mobile
species, and sedentary behaviour and loss of
mobility is detrimental to all systems. Therefore,
to combat this obesity epidemic, one needs
to be active, mobile, and achieve metabolic
regulation or control and restore function.

MUSCLE INTEGRITY WITH OBESITY

Chronically obese individuals often demonstrate
muscle damage and loss, termed sarcopenia
of obesity.*'® Muscles are a major target for
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glucose metabolism and the combination of
T2DM and fat accumulation in muscle with
subsequent fibrosis and loss of contractile
material can lead to the loss of specific muscle
function,” particularly of the lower extremities,
with consequences for the integrity of motion
segments responsible for mobility.

As it is difficult to assess the path to this chronic
state in humans with obesity, many researchers
have turned to preclinical models to gain
insights into better understanding the sequence
of events leading to muscle compromise
and whether different muscles are at varying
risks of dysfunction. In a rat model of HFS-
induced obesity, it has been demonstrated that
alterations to the glycolytic stabilising muscle,
the vastus lateralis, incur alterations in fat
content, fibrosis, and macrophage activation
that can be detected as early as 3-7 days
after exposure to such a HFS diet, with an
appreciable consolidation of changes by
12 weeks on the diet.”” In contrast, the oxidative
soleus muscle, a postural muscle in the calf,
is more resistant to such changes.® In fact,
the soleus muscle can adapt to the HFS diet
and exhibit enhanced ability to react to the
oxidative stress of metabolic overloading
(e.g., induction of superoxide dismutase-2 and
succinic acid dehydrogenase). Whether power
muscles, such as the medial gastrocnemius,
are affected in a unigue manner or similar to
the vastus lateralis remains to be determined.
Thus, not all muscles, even of a motion segment,
such as a leg, may respond similarly to a
diet-induced challenge leading to obesity and
one cannot generalise from the results of studies
on a single muscle. However, inflammation via
activation of fat in the muscle or via mediator
release from activated macrophages can lead to
fibrosis and compromise of susceptible muscles.

Another issue regarding obesity, inflammation,
and muscle integrity relates to whether the
inflammation directly or indirectly affects the
integrity of the neuromuscular control systems.
As muscles require neural input to affect
function, disruption of this control could lead
to atrophy and, in the case of obesity, systemic
loss of integrity. Loss of the neural component
of muscle function, using botulinum toxin
injections directly into muscles of the quadriceps
complex, leads to loss of muscle integrity with
development of fatty deposits and fibrosis.’s2°
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Therefore, more research related to the neural
impact of obesity-associated inflammation on
function is warranted.

BONE AND TENDON CHANGES

WITH OBESITY

Obesity can lead to infiltration of fat into the
bones of both rodent models and humans,?-?4
which can contribute to a loss of bone integrity.
Of interest, sedentary behaviours, such as
prolonged bedrest, can also lead to fat in bone
marrow, which can be prevented by exercise,?>?¢
even in the absence of obesity. Similarly, fat can
accumulate in the bone marrow of astronauts
on the International Space Station, and thus
prolonged exposure to microgravity can also
lead to changes in the absence of obesity,
possibly due to the default differentiation
of bone marrow mesenchymal stem cells.?
Therefore, obesity does impact bones; however,
the exact role of inflammation in the process in
humans still remains to be clarified.”??

In preclinical models of diet-induced obesity,
deposition and activation of fat within
subchondral bone has been detected? Thus,
bone integrity is put at risk as a result of
changes and alterations to tissues closely
associated with bone (e.g., the bone marrow).
Obesity, likely through low-level systemic
inflammation, can also influence bone
health via development of diseases such as
osteoporosis.?®>?® Thus, through direct impact
of fat within bone and the marrow cavity,
or indirectly via the inflammation associated
with obesity and concomitant expression of
adipokines and cytokines that can facilitate
bone resorption, obesity can affect bone health
in multiple ways. As females are more at risk
of developing osteoporosis in the absence of
obesity, this population may be more adversely
impacted than the male population. Second
to osteoporosis is the risk for falls and fractures,
and, with impairment issues related to gait
control,??2° this risk may be compounded.

Tendons play a critical role in mobility via
transmitting muscle forces to move bones,
and the integrity of tendons in obesity is also
essential in maintaining the function of a motion
segment. Studies in humans have shown that
ankle tendons of those with higher levels
of obesity exhibit more features associated
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with tendinopathies.®® Recently, it has been
reported that, based on ultrasound analysis,
asymptomatic disturbances to Achilles tendon
integrity can be correlated with obesity.*?
Fairley et al.3® reported links between patellar
tendinopathy and obesity, and concluded the
link was mechanical because it correlated with
BMI and not with fat mass. However, these
authors did not assess the patients for MetS.
Thus, obesity-related disruption of the integrity
of multiple components of the motion segment
(muscle, tendon, and bone) may contribute to
compromised mobility and stability.

DEVELOPMENT OF JOINT

DAMAGE IN OBESITY

Individuals with obesity are at higher risk
of developing joint diseases, such as knee
osteoarthritis, than non-obese individuals.”343>
This risk could reside in the increased
mechanical load placed on joints like knees,
in the dysregulated inflammatory state, or a
combination of both factors. However, some
reports indicate an increased risk of developing
hand OA in individuals with obesity, and the
hand may not be subjected to increased
loading, so perhaps the risk in obesity resides
more with the inflammatory dysregulation.”®

Recently, it has become apparent that OA does
appear to have an inflammatory component
related to its progression,**3® and, thus, a
dysregulated inflammatory state in chronic
obesity could potentially contribute to the
initiation and progression of joint damage
and degeneration along with the associated
pain.3?4% Relevant to this point are findings from
preclinical rat studies, which indicate that
diet-induced obesity leads to both systemic
alterations to inflammatory mediator expression
and local alterations in the synovial fluid of
the knee.” Furthermore, recent studies have
indicated that the risk for joint damage is
not restricted to just the knee, because the
shoulders of the obese rats also experienced
damage.! However, for reasons currently
unknown, in these 12-week studies, the hip
displayed less joint damage than the knee or
shoulder.” Whether the shoulder risk is related
to the fact that rats are quadrupeds is also
unclear at this point. However, it is known
that obesity is also a risk factor for OA%?>43 and
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pain** in the shoulder of humans, so issues of
obesity and joint involvement in motion and
mobility disorders may cross species. Similarly,
compared to the knee and shoulder, the hip
is a ball and socket joint, a configuration that
may protect its integrity in some manner.

POTENTIAL ALTERATIONS

TO VISION WITH OBESITY

Individuals with obesity are reported to be
at risk of developing some ocular diseases,*
such as macular degeneration,*®4 cataracts,*®4°
retinal diseases® (possibly related to sugar
consumption), and  others.®?  Regarding
obesity and cataract risk, the findings are still
somewhat controversial, because some reports
have indicated a negative correlation for a
Korean population.>

It is also not clear whether this risk is related
to a direct effect of the fat, the dysregulated
inflammatory state, or a secondary consequence
of obesity related to T2DM and refined sugar
consumption. The eye is an immune privileged
site,5*%> and disruption of homeostasis via
a dysregulated inflammatory system could
contribute to the loss of such privilege and
allow for inappropriate inflammatory or immune
activities within the eye (e.g, via the vitreous
humour [VH]), as well as at the level of the
cornea. Recently, the authors reported that
following the induction of diet-induced obesity,
gene expression patterns are altered in VH cells,
and that based on a protein array methodology,
the protein homeostasis of this fluid s
disrupted with the elevated presence of
inflammatory mediators.®® While these results
have not yet correlated with the ocular changes
associated with overt disease processes in
the preclinical model or disrupted navigation,
this is an area of active research.

In addition, it is not yet possible to directly
attribute the changes in the VH of the
diet-induced obese rats to the systemic
inflammatory alterations detected. Such
changes could also be an indirect effect of the
joint damage occurring after induction of diet-
induced obesity.?# In addition, since the recent
rat studies used only the 12-week time point
post diet-induced obesity to assess joint
damage and the VH alterations, it is not yet
known whether the joint damage preceded
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the alterations in the VH of the eye, whether
they developed in parallel, or whether the
eye alterations preceded the joint damage.
Resolution of this issue is the subject of
ongoing research.

This issue of eye involvement in obesity is
likely to be clinically relevant because humans
use their eyes to navigate through their
environment. As such, mobility is critical but
navigation possibly even more so. However,
it is not yet known whether injury to the ankle
or the hip also leads to changes in the eye,
or whether there is a specific knee-eye or
mobility-navigation axis.®” This is an area of
active research, as is determining whether this
potential axis is unidirectional (knee to eye) or
bidirectional (also eye to knee). Thus, mobility
is intrinsically integrated with navigation.
Furthermore, as skeletally mature adults,
humans define where they are in space while
they are mobile without overtly thinking about
it, but may require more active thinking while
learning to be mobile as a young child, or
during older age when the integrated systems
decline in integrity. Interestingly, postural control
in the elderly is adversely affected by vision
impairments.®® This latter aspect of mobility
likely also involves brain elements associated
with memory or specific areas of the brain,
such as the hypothalamus® or other centres.®°©

The assessment of both normal body weight
and individuals with obesity either blindfolded
or with uninhibited vision has shown that such
interruption of this putative knee-eye axis leads
to abnormal gait patterns, with the alterations
more pronounced in those with obesity.5"64
Such alterations in gait with obesity have also
been observed in dogs.® Furthermore, Lam
et al.®® have recently reported that individuals
with obesity have an elevated intraocular
pressure compared to sex and normal body
weight-matched individuals, and the intraocular
pressure of the individuals with obesity declined
to more normal levels after weight loss via
bariatric surgery. In these studies, which were
correlative in nature and did not define cause
and effect, it was not determined whether the
obese individuals exhibited MetS characteristics
or whether their visual acuity was affected by
the bariatric surgery; these factors constitute
important limitations of the study. While the
basis for these increases in patients with obesity
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remains to be determined, it could potentially
be related to increased fluid due to the oedema
related to a low-grade inflammation in the eye;
further investigation is required to identify the
mechanisms involved. While not directly related
to obesity, it has been noted that astronauts
flying long-duration missions on the International
Space Station do experience visual impairments
that are linked to globe deformations
and increased intracranial pressure due to
vascular fluid shifts,®” possibly supporting the
concept that increased intraocular pressure
in patients with obesity could also lead to
visual compromise.

Therefore, potential compromise of ocular
integrity via chronic inflammatory changes,
such as those associated with obesity, may have
more impact on the fidelity of mobility for both
new and established patterns of movement,
even in the context of walking in a familiar
environment with brain elements intact. This
may reflect the central nature of a possible
knee-eye-brain/neural axis® that needs to be
intact to optimise both mobility and navigation.
As all knee joint tissues (and other joints of
the body, except for articular cartilage) are
innervated, and muscles are dependent on
neuroactivation to initiate force generation,
the integrity of such an axis of control and
regulation may be necessary for optimal mobility
and navigation, and obesity and the associated
inflammatory state can be considered a threat
to such integrity at several points (i.e.,, muscles,
joint integrity, loss of visual integrity).
Currently, the evidence for the impact of
obesity on navigation suffers somewhat from
a paucity of well-designed studies to assess
the type and extent of the alterations, as well
as mechanistic implications, and, thus, while a
potentially important area, it is one that requires
further investigation to better understand the
impact of obesity on the integration of mobility
and navigation.

ADDRESSING THE NEED FOR
EFFECTIVE INTERVENTIONS TO

PREVENT OR INHIBIT OBESITY-
RELATED RISK OF LOSS OF MOBILITY
INTEGRITY AND NAVIGATION FIDELITY

It is clear from the previous discussion that
obesity, and the inflammatory state associated
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with it (i.e., MetS), likely impacts host tissues
that contribute to effective and energy-efficient
mobility and navigation. These include tissues
directly involved in mobility (muscles, tendons,
and bone), as well as others that contribute
to the fidelity of mobility, such as the eyes and
the peripheral neural system/brain (via memory
control of movement, neural control of muscles,
and integration of the functioning of the diverse
tissues involved in motion via proprioception,
bilateral co-ordination, and avoiding risk).

Potential interventions to re-establish metabolic
control include weight loss via diet or bariatric
surgery; exercise, alone or in combination
with diet and nutrition changes; or the use of
prebiotics (substrates that are selectively used
by host micro-organisms conferring a health
benefit),’® alone or in combination with other
modalities. Some options may work better for
some patients than others, likely due to the
variation in the factors contributing to risk.
The conclusion that there is no ‘quick fix’ for
obesity is supported by the large number of
genes that have been implicated in obesity,
and the fact that epigenetic mechanisms also
play a role in the development and progression
of obesity and MetS-associated inflammation.®"
It is also unclear to what extent damage and
alterations due to obesity or MetS are reversible
in musculoskeletal and/or eye tissues. Thus,
obesity is likely complex in its control at
multiple levels, and, as such, more individualised
approaches may be required.

It is also clear that use of prebiotic compounds
(usually oligofructose and inulin) can
help re-establish metabolic regulation.t®7? Such
prebiotics are not metabolised by humans but
are used by the gut microbiota to re-orient the
microbial community by altering the bacterial
species present and correcting the leaky gut
syndrome, which allows bacterial LPS to pass

References

1. Ravussin E, Ryan DH. Three new
perspectives on the perfect storm:
What’s behind the obesity epidemic?
Obesity. 2018;26(1):9-10.

121-4.

3. Ells LJ et al. Diet, genes, and obesity.
BMJ. 2018;360:K7.

2. Qasim A et al. On the origin of
obesity: Identifying the biological,
environmental and cultural drivers 4.

EUROPEAN MEDICAL JOURNAL « March 2019

of genetic risk among human
populations. Obes Rev. 2018;19(2):

Pulit SL et al. Sexual dimorphisms

into the host.®”% As LPS is a proinflammatory
molecule, such changes could impact the
inflammatory component of MetS directly.
Such an impact could re-establish muscle
integrity, insulin resistance, and better mobility
control. It remains to be determined whether
such prebiotics can influence a return of the
VH to a more normal state and potentially
re-establish  navigation integrity. Secondly,
use of prebiotics by bacteria leads to the
generation of short chain fatty acids that can
be absorbed and impact host systems,’#7¢ and
whether such metabolites can influence the eye
or the proposed circuitry remains to be clarified.
Thus, this prebiotic approach has a relatively
low cost and could be a beneficial avenue to
address some aspects of the impact of obesity.

CONCLUSION

For those with obesity, options are available
to help address the impact of obesity on host
systems (e.g., diet, exercise, prebiotics, bariatric

surgery, and medications), including those
related to mobility. However, as with many
conditions or diseases, prevention is better

than having to deal with the problem once
it has become medical. Therefore, an active
lifestyle with good nutrition, likely starting very
early in life, is the best option to prevent the
development of obesity and loss of mobility,
which can become a vicious cycle of increasing
obesity contributing to increasing loss of
mobility and the fidelity of navigation through
the environment. While the above is a general
approach to prevention, for those with specific
genetic or epigenetic risk factors, precision
health with better understanding of the risks
associated with specific genetic contributions
could lead to targeted preventative
interventions and protocols to make such
interventions more specific and effective.

in genetic loci linked to body
fat distribution. Biosci Rep.
2017;37(1):pii:BSR20160184.

5. Castillo JJ et al. Gene-nutrient
interactions and susceptibility
to human obesity. Genes Nutr.
2017;12:29.

EUROPEAN MEDICAL JOURNAL



6. Wang T et al. Genetic susceptibility,
change in physical activity, and
long-term weight gain. Diabetes.
2017;66(10):2704-12.

7.  Collins KH et al. Obesity, metabolic
syndrome, and MSK disease:
Common inflammatory pathways
suggest a central role for loss of
muscle integrity. Front Physiol.
2018;9.

8. Berenbaum F et al. Review: Metabolic
regulation of inflammation in
osteoarthritis. Arthritis Rheumatol.
2016;69(1):9-21.

9. Sun X et al. From genetics and
epigenetics to the future of precision
treatment for obesity. Gastroenterol
Rep (Oxf). 2017;5(4):266-70.

10. Reynolds CM et al. Experimental
models of material obesity and
neuroendocrine programing of
metabolic disorders in offspring.
Front Endocrinol (Lausanne).
2017;8:245.

1. Sheikh AB et al. The interplay of
genetics and environmental factors in
the development of obesity. Cureus.
2017;9(7):e1435.

12. Holmes MV et al. Genetic and
epigenetic studies of adiposity and
cardiometabolic disease. Genome
Medicine. 2017;9(1):82.

13. Collins KH et al. A high-fat high
sucrose diet rapidly alters muscle
integrity, inflammation and gut
microbiota in male rats. Sci Rep.
2016;6:37278.

14. Choi KM. Sarcopenia and sarcopenic
obesity. Korean J Intern Med.
2016;31(6):1054-60.

15. Kalinkovich A, Livshits G. Sarcopenic
obesity or obese sarcopenia: A
cross talk between age-associated
adipose tissue and skeletal muscle
inflammation as a main mechanism
of the pathogenesis. Ageing Res Rev.
2017;35:200-21.

16. Marty E et al. A review of sarcopenia:
Enhancing awareness of an
increasingly prevalent disease. Bone.
2017;105:276-86.

17. Collins KH et al. High-fat high-sucrose
diet leads to dynamic structural and
inflammatory alterations in the rat
vastus lateralis muscle. J Orthop Res.
2016;34(12):2069-78.

18. Collins KH et al. Acute and chronic
changes in rat soleus muscle after
high-fat high-sucrose diet. Physiol
Rep. 2017;5(10):pii:e13270.

19. Leumann A et al. Altered cell
metabolism in tissues of the knee
joint in a rabbit model of Botulinum
toxin A-induced quadriceps muscle
weakness. Scand J Med Sci Sports.
2012;22(6):776-82.

20. Fortuna R et al. A clinically relevant
BTX-A injection protocol leads to
persistent weakness, contractile
material loss, and an altered mRNA

Creative Commons Attribution-Non Commercial 4.0

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

S

expression phenotype in rabbit
quadriceps muscles. J Biomech.
2016;48(10):1700-6.

Collins KH et al. Response to diet-
induced obesity produces time-
dependent induction and progression
of metabolic osteoarthritis in rat
knees. J Orthop Res. 2016;34(6):
1010-8.

Bermeo S et al. Fat and bone
interactions. Curr Osteoporos Rep.
2014;12(2):235-42.

Scheller EL et al. Marrow adipose
tissue: Trimming the fat. Trends
Endocrinol Metab. 2016;27(6):392-
403.

Shapses SA et al. Obesity is a concern
for bone health with aging. Nutr Res.
2017;39:1-13.

Trudel G et al. Bone marrow fat
accumulation after 60 days of

bed rest persisted 1 year after
activities were resumed along with
hemopoietic stimulation: The Women
International Space Simulations
Exploration study. J Appl Physiol
(1985). 2009;107(2):540-8.

Trudel G et al. Resistive exercises,
with or without whole body
vibration, prevent vertebral marrow
fat accumulation during 60 days of
head-down tilt bed rest in men. J
Appl Physiol (1985). 2012;112(11):
1824-31.

Hart DA. Why mesenchymal stem/
progenitor cell heterogeneity in
specific environments? Implications
for tissue engineering applications
following injury or degeneration of
connective tissues. J Biol Sci Eng.
2014;7(8):526-32.

Dolan E et al. Influence of adipose
tissue mass on bone mass in an
overweight or obese population:
Systemic review and meta-analysis.
Nutr Rev. 2017;75(10):858-70.

Carson JA, Manolagas SC. Effects of
sex steroids on bones and muscles:
similarities, parallels, and putative
interactions in health and disease.
Bone. 2015;80:67-78.

Curtis E et al. Determinants of muscle
and bone aging. J Cell Physiol.
2015;230(11):2618-25.

Abate M et al., “How obesity affects
tendons,” Ackermann PW, Hart DA
(eds.), Metabolic Influences on Risk
for Tendon Disorders, Basel: Springer
International Publishing, pp. 167-77.

de Sa A et al. Achilles tendon
structure is negatively correlated with
body mass index, but not influenced
by statin us: A cross-sectional study
using ultrasound characterization.
PLoS One. 2018;13(6):e199645.

Fairley J et al. Association between
obesity and magnetic resonance
imaging defined tendinopathy in
community-based adults: A cross
sectional study. BMC Musculoskelet
Disord. 2014;15:266.

March 2019 « EUROPEAN MEDICAL JOURNAL

34.

35

36.

37.

38.

e

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Frasca D et al. Aging, obesity, and
inflammatory age-related diseases.
Front Immunol. 2017;8:1745.

Francisco V et al. Biomechanics,
obesity, and osteoarthritis. The role of
adipokines: When the levee breaks. J
Orthop Res. 2017;36(2):594-604.

Kalaitzoglou E et al. Innate immune
responses and osteoarthritis. Curr
Rheumatol Rep. 2017;19(8):45.

Wang X et al. The importance

of synovial inflammation in
osteoarthritis: Current evidence

from imaging assessments and
clinical trials. Osteoarthritis Cartilage.
2017;26(2):165-74.

Lopes EBP et al. Immune
contributions to osteoarthritis. Curr
Osteoporos Rep. 2017;15(6):593-600.

Eitner A et al. Mechanisms of
osteoarthritic pain. Studies in humans
and experimental models. Front Mol
Neurosci. 2017;10:349.

Courties A et al. Metabolic syndrome-
associated osteoarthritis. Curr Opin
Rheumatol. 2017;29(2):214-22.

Collins KH et al. High-fat high-
sucrose diet-induced obesity results
in joint-specific development of
osteoarthritis-like degeneration

in a rat model. Bone Joint Res.
2018;7(4):274-81.

Gandhi R et al. Obesity-related
adipokines and shoulder
osteoarthritis. J Rheumatol.
2012;39(10):2046-8.

Gandhi R et al. A comparison

of obesity related adipokine
concentrations in knee and shoulder
osteoarthritis patients. Obes Res Clin
Pract. 2015;9(4):420-3.

Gandhi R et al. Obesity-related
adipokines predict patient-
reported shoulder pain. Obes Facts.
2013;6(6):536-41.

Cheung N, Wong TY. Obesity and
eye diseases. Survey Ophthalmol.
2007;52(2):180-95.

Cheung LK, Eaton A. Age-
related macular degeneration.
Pharmacotherapy. 2013;33(8):838-55.

Zhang QY et al. Overweight, obesity,
and risk for age-related macular
degeneration. Invest Ophthalmol Vis
Sci. 2016;57(3):1276-83.

Pan CW, Lin Y. Overweight,
obesity, and age-related cataract:
A meta-analysis. Optom Vis Sci.
2014;91(5):478-83.

Iroku-Malize T, Kirsch S. Eye
conditions in older adults: Cataracts.
FP Essent. 2016;445:17-23.

Merlotti C et al. Bariatric surgery
and diabetic retinopathy: A systemic
review and meta-analysis of
controlled clinical studies. Obes Rev.
2017;18(3):309-16.

Kearney FM et al. Review of the role

69



52.

53.

54.

55.

56.

57.

58.

5C.

60.

of refined dietary sugars (fructose
and glucose) in the genesis of
retinal disease. Clin Exp Ophthalmol.
2014;42(6):564-73.

Tham YC, Cheng CY. Associations
between chronic systemic diseases
and primary open angle glaucoma:
An epidemiological perspective. Clin
Exp Ophthalmol. 2017;45(1):24-32.

Park S et al. Association between
cataract and the degree of obesity.
Optom Vis Sci. 2013;90(9):1019-27.

Niederkorn JY. Immune privilege in
the anterior chamber of the eye. Crit
Rev Immunol. 2002;22(1):13-46.

Streilein JW, Stein-Streilein J. Does
innate immune privilege exist? J
Leukoc Biol. 2000;67(4):479-87.

Collins KH et al. Diet-induced
obesity leads to pro-inflammatory
alterations to the vitreous humour of
the eye in a rat model. Inflamm Res.
2018;67(2):139-46.

Hart DA. Evidence for a potential
“knee-eye-brain axis” involved in
mobility and navigation control:
Knee injury and obesity may disrupt
axis integrity. J Biomed Sci Eng.
2018;11(3):37-44.

Chen EW et al. Balance control in
very old adults with and without

visual impairment. Eur J Appl Physiol.

2012;112(5):1631-6.

Trachtman JN. Vision and the
hypothalamus. Optometry.
2010;81(2):100-15.

Baird-Gunning JJD, Lueck CJ. Central

EUROPEAN MEDICAL JOURN

61.

62.

63.

64.

65.

66.

67.

68.

control of eye movements. Curr Opin
Neurol. 2018;31(1):90-5.

Hue O et al. Body weight is a strong
predictor of postural stability. Gait
Posture. 2007;26(1):32-8.

D’Hondt E et al. The role of vision in
obese and normal-weight children’s
gait. 2011;33(2):179-84.

Hallemans A et al. Visual deprivation
leads to gait adaptations that

are age- and context-specific: Il.
Kinematic parameters. Gait Posture.
2009;30(3):307-11.

Thompson JD, Franz JR. Do kinematic
metrics of walking balance adapt to
perturbed optical flow? Hum Mov Sci.
2017;54:34-40.

Brady RB et al. Evaluation of
gait-related variables in lean and
obese dogs at a trot. Am J Vet Res.
2013;74(5):757-62.

Lam CTY et al. Effect of head position
and weight loss on intraocular
pressure in obese subjects. J
Glaucoma. 2017;26(2):107-12.

Alperin N, Bagci AM. Spaceflight-
induced visual impairment and globe
deformations in astronauts are linked
to orbital cerebrospinal fluid volume
increase. Acta Neurochir Suppl.
2018;126:215-9.

Gibson GR et al. Expert consensus
document: The international

scientific association for probiotics
and prebiotics (ISAPP) consensus
statement on the definition and scope
of prebiotics. Nat Rev Gastroenterol
Hepatol. 2017;14(8):491-502.

69.

72.

73,

75.

76.

Reimer RA et al. Inulin-type fructans
and whey protein both modulate
appetite but only fructans alter gut
microbiota in adults with overweight/
obesity: A randomized controlled
trial. Mol Nutr Food Res. 2017;61(11).

Nicolucci AC et al. Prebiotics

reduce body fat and alter intestinal
microbiota in children who are
overweight or with obesity.
Gastroenterology. 2017;153(3):711-22.

Parnell JA et al. Oligofructose
decreases serum lipopolysaccharide
and plasminogen activator-1in adults
with overweight/obesity. Obesity
(Silver Spring). 2017;25(3):510-3.

Nicolucci AC, Reimer RA. Prebiotics
as a modulator of gut microbiota

in paediatric obesity. Pediatr Obes.
2017;12(4):265-73.

Geurts L et al. Gut microbiota
controls adipose tissue expansion,
gut barrier and glucose metabolism:
Novel insights into molecular targets
and interventions using prebiotics.
Benef Microbes. 2014;5(1):3-17.

Tahara Y et al. Gut microbiota-
derived short chain fatty acids
induce circadian clock entrainment
in mouse peripheral tissue. Sci Rep.
2018;8(1):1395.

He M, Shi B. Gut microbiota as

a potential target of metabolic
syndrome: The role of probiotics and
prebiotics. Cell Biosci. 2017;7:54.

Holscher HD. Dietary fiber and
prebiotics and the gastrointestinal
microbiota. Gut Microbes.
2017;8(2):172-84.

FOR REPRINT QUERIES PLEASE CONTACT: +44 (0) 1245 334450

¢ March 2019

EUROPEAN MEDICAL JOURNAL




