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Summary

Background: obesity is a well recognized risk fac-
tor for dysmetabolic and cardiovascular diseases,
but can also be associated to musculo-skeletal
disorders.

Methods: a search of English-language articles was
performed using the key search terms “obesity” or
“body mass index” combined with “tendon”, or
“tendinopathy”, indipendently. Results: several
studies show that, in obese subjects, tendons fre-
quently undergo to degeneration, which can
progress to a symptomatic stage, with pain and
functional impairment. The main histopathologic
findings are a relative paucity of small collagen fib-
rils, expression of an impaired remodeling process,
deposition of lipid droplets which can abut to ten-
dolipomatosis, and a disorganized architecture in
the tension regions. Both load-bearing and non
load-bearing tendons can be affected. This sug-
gests that systemic factors play an important
pathogenetic role. Indeed, adipose tissue releases
several bioactive peptides and hormones
(chemerin, lipocalin, leptin and adiponectin), and
cytokines responsible of a systemic state of chron-
ic low grade inflammation. Conclusion: Physical ac-
tivity is strongly recommended to stop the progres-
sion of weight gain or to bring an obese individual
into the normal weight range. Therefore, leisure
sport activity is useful in obese subjects, but cau-
tion is mandatory, because tendons with sub-clini-
cal damage, when submitted to overload, can easily
reach the symptomatic threshold.
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Introduction

Obesity is a world epidemic, and one of the major
public health problems in western countries. It is as-
sociated to an increased risk for diabetes, hyperten-
sion, and other cardiovascular diseases, as well as
for musculo-skeletal disorders!. Among the latter, hip
and knee osteoarthritis are very common, but several
studies suggest that individuals with tendon abnor-
malities, pain, rupture, or failure to respond to conser-
vative management, have significantly higher adiposi-
ty levels than controls without damage?. Load-bearing
tendons (Achilles, patellar, and plantar fascia) are
more frequently involved3'!. However, adiposity has
been also recognized as a risk factor for alterations in
non-load bearing tendons (elbow and rotator cuff)'2,
and a negative impact on the functional outcomes af-
ter arthroscopic rotator cuff repair surgery has been
reported in obese individuals3:14,

Further studies have shown that the probability of ten-
don abnormalities is higher in males with an increased
waist/hip ratio. In a population based study, asympto-
matic Achilles tendon pathology was associated with
central and peripheral fat distribution in men and
women, respectively. It was therefore hypothesized
that in men Achilles tendon pathology is linked to meta-
bolic syndrome, whereas in women estrogens, reduc-
ing the central accumulation of adipose tissue'®, may
prevent tendon damage. Moreover, it has been shown
that tendon disease is also common in individuals who
have an increased fat mass and greater waist/hip ratio
despite having normal body weight. These subjects,
classed as metabolically obese but normal weight, ac-
count from 5 to 45% of the population?5:16,

Aim of the present paper is to report, according the eth-
ical standard of the Muscles, Ligaments and Tendons
Journal'?, the more recent findings on the topic, and to
suggest convenient strategies to counteract the nega-
tive effects of obesity on tendons, mainly in individuals
practicing sport activities.

Structural, biochemical and biomechanical features

The fibrillar tendon composition has been studied in
genetically obese Zucker rats. In mice of normal
weight, moving free around the cages, the tendons
are composed by large and small fibrils, following a
bimodal pattern distribution. Large fibrils are essential
for the tendon to withstand tension forces, whereas
remodeling of the tendon results in the occurrence of
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fibrils with a smaller diameter, indicating the produc-
tion of new fibrils'8.19, Conversely, in obese rats, the
fibril diameter shows an unimodal distribution, be-
cause of the relative prevalence of large on small fib-
rils, expression of an impaired remodeling process.
Because thin fibers confer greater elasticity to ten-
dons, their relative paucity in obese animals could be
responsible for increased stiffness and microruptures
as a consequence of excessive loads'.

Moreover, selective staining procedures show lipid
droplets in the extracellular matrix, which could be
expression of an early stage of tendolipomatosis,
which can progress to severe changes in tendon ar-
chitecture and function20. At ultrastructural analysis
by transmission electron microscopy, disorganized
and tangled collagen fibrils can be also observed in
the tension region of tendons from obese animals?'.
Besides the morphologic abnormalities, biochemical
abnormalities have been found. Lower levels of gly-
cosaminoglycans (chondroitin and dermatan sulfate)
are present in the deep digital flexor tendon of Zucker
rats. Glycosaminoglycans play a vital role in the regu-
lation of tendon extracellular matrix and collagen fib-
rillogenesis, and therefore their reduced concentra-
tion might be responsible for the inadequate deposi-
tion and organization of collagen fibrils?22. On the con-
trary, a higher hydroxyproline content, found in ten-
dons of obese rats, could be necessary to satisfy the
increased mechanical requirements. Indeed, experi-
mental studies in pigs2® and chickens2* show that
tendons with higher hydroxyproline levels are provid-
ed of a higher tensile strength associated with lower
strain when compared to controls.

Gross anatomy shows that Achilles tendon thickness
is significantly higher in obese compared to lean sub-
jects'®. The larger area partially offsets the greater
mass, and therefore the average stress (force per
unit area) experienced by the Achilles tendon is simi-
lar in both groups. After strenuous exercise (a series
of 90-100 repetitions of standing calf raise) tendon
thickness is reduced, due to the loss of interstitial wa-
ter, associated with load-induced alignment of colla-
gen fibers. However, the transverse strain in the ten-
don, calculated as the natural log of the ratio of post
to pre-exercise tendon thickness, in obese subjects is
almost half of that of normal weight counterpart. This
finding suggest that obesity is associated with struc-
tural tendon changes that impair interstitial fluid
movement in response to tensile load, and are re-
sponsible of a greater transverse stiffness25.

Pathogenetic mechanisms

Prevailing hypotheses of tendon damage in obese
subjects are associated with two different mecha-
nisms: the increased yield on the load-bearing ten-
dons and the biochemical alterations attributed to
systemic dysmetabolic factors. Indeed, weight-bear-
ing tendons are exposed to higher loads with increas-
ing adiposity, and the higher loads lead to overuse
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tendinopathy. Alternatively, the systemic hypothesis
is based on studies showing that the association with
adiposity is equally strong for the non load-bearing
and load-bearing tendons26.

Adipose tissue is now recognized as a major en-
docrine and signaling organ, which releases several
bioactive peptides and hormones. The adipokinome
includes a full range of proteins (such as chemerin,
lipocalin 2, serum amyloid A3, leptin and adipo-
nectin)?’. These proteins influence several activities
in various mesenchymal cell phenotypes, which may
directly modify tendon structure. In particular,
adipokines are able to modulate cytokines, prostanoi-
ds, and metalloproteinases production28:29, The per-
sistently raised serum levels of PGE2, TNF-a, and
LTB4, observed in obesity, provide supplementary
evidence that a systemic state of chronic, sub-clinic,
low-grade inflammation is present in this condition
and may act as a prolonged disruptor of tendon
homeostasis3-33, Moreover, the migration of immune
cells, such as macrophages and mast cells, into adi-
pose tissue is associated with a decrease in their cir-
culating levels. As a consequence, the release of pro-
fibrotic factors, such as TGF-B, is reduced, and this
may have a detrimental effect on tendon healing, es-
pecially if the production of type | and Il collagen is
also reduced33-35. As further consequence, the de-
creased availability of immune circulating cells should
be responsible for less effective immune responses
to acute tendon injury36,

In subjects with visceral fat, the cluster of metabolic
abnormalities is considered the consequence of in-
sulin resistance?. Elevated insulin concentrations fail
to stimulate increased glucose uptake into muscle,
which leads to fasting hyperglycemia, impaired glu-
cose tolerance and eventually type Il diabetes melli-
tus. Advanced Glycation Endproducts (AGEs) forma-
tion is markedly accelerated when the availability of
blood glucose is increased36:37. A key characteristic
of reactive AGEs is the formation of covalent cross-
links within collagen fibers, altering their structure
and functionality. Indeed, once formed, AGEs can be
degraded only when the protein they are linked to is
degraded. Other major features of AGEs relate to
their interaction with a variety of AGE-binding recep-
tors on the cell surface, which in turn activates sever-
al critical molecular pathways and triggers a number
of effects. These include pro-oxidant events via gen-
eration of reactive oxygen species and further pro-in-
flammatory events via NFkB signaling38. This acceler-
ates cross-linking in collagen fibers, leading to sus-
tained up-regulation of pro-inflammatory mediators
and a dysfunctional cell phenotype39:40. Further nega-
tive effects of AGEs include a) modification of short-
lived proteins such as Basic Fibroblast Growth Fac-
tor, followed by a striking decrease in mytogenic ac-
tivity, b) intracellular formation of AGEs, leading to
destruction of nitric oxide and impaired growth factor
signaling, and c) enhanced apoptosis via oxidative
stress, increased caspase activity, and extrinsic sig-
naling through pro-apoptotic cytokines.
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Dyslipidemia is another consequence of insulin resis-
tance associated to visceral adiposity!®18. It is char-
acterized by elevated total and LDL-cholesterol, low
HDL-cholesterol and high tryglicerides levels. Howev-
er, the deleterious effects of dyslipidemia on tendons
are debated. Indeed, studies reporting a lipidic dys-
metabolic pattern in subjects with Achilles tendinopa-
thy#!, and with rotator cuff tears*2, are challenged by
Authors*3, who did not found any difference among
subjects with or without dyslipidemia.

The above reported considerations mainly regard the
mechanisms of chronic tendon degeneration. As far
as the tendon repair after acute damage is con-
cerned, experiments have been performed on mice,
submitted to a high fat diet, and then to flexor digito-
rum longus (FDL) tendon damage by means of punc-
turing with a beveled needle*4. After 28 days, the bio-
mechanical properties of FDL tendons from the
obese mice were compromised, with significant re-
duction of the normalized maximum force, normal-
ized work to maximum force and normalized stiff-
ness, in comparison with normal weight mice submit-
ted to the same experimental procedure. Moreover,
histological examination performed at 14 and 28 days
showed in obese mice consistently small cellular and
fibrous tissue at the injury site, with a lesser degree
of collagen remodeling and fiber alignment. These
data, applied to humans, could explain the negative
impact of obesity on the functional outcomes after
surgical repair!445.

Sport activity in obese subjects

Development of obesity and physical inactivity are
closely associated. Obesity rates are higher in seden-
tary and moderately active persons than in active
subjects, as shown by cross-sectional and longitudi-
nal studies'. Therefore, physical activity is strongly
recommended to slow down, and even stop, the pro-
gression of weight gain in obese individuals, or to
bring an obese individual into the normal weight
range. The weight loss and the active lifestyle reduce
considerably the higher risk of diabetes, hyperten-
sion, and other cardiovascular diseases, as well of
hip and knee osteoarthritis6.

Therefore, leisure sport activities are frequently prac-
ticed by obese individuals, involved in sedentary
work. Cycling, and mainly fast walking and running,
are the more popular sports among these subjects.
These activities are often performed in 2 or 3 weekly
sessions, and not infrequently at high intensity levels
to maximize the energy expenditure and to get a sig-
nificant weight loss. Physicians usually alert their pa-
tients about the possible risk of the cardiovascular
overload, but less attention is paid to the risk of ten-
don damage, or even tendon ruptures. This is an im-
portant issue, because tendons with sub-clinical dam-
age, when submitted to overload, can reach the
symptomatic threshold.

In normal weight subjects, exercise has beneficial ef-
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fects on tendon morphology and function®. It is well
known that mechanical loading is essential to main-
tain tendon homeostasis. When the collagen fibers
are stretched, a signal is transmitted via integrins in-
side the tenocytes, growth factors are released, and
the synthesis of proteoglycans and collagen is pro-
moted®47. The effects are balanced by catabolism,
due to metalloproteinases and aggrecanases expres-
sion. When the mechanical load is repeated and in-
tense, but still in the physiologic window, anabolism
prevails on catabolism. New extracellular matrix and
collagen fibers are formed, so that, after several
months of sustained exercise, tendon cross sectional
area increases and the biomechanical properties are
improved®. However, there is a threshold of loading
frequency and magnitude that, once overcome, re-
verses tendon response from beneficial towards de-
generative. An aberration in the proteoglycan metab-
olism is likely to drive the pathogenesis of tendon
damage. Indeed, their exceeding production leads to
water retention and swelling, while, at the same time,
the increased metalloproteinase expression favours
the formation of degradation products. In addition, in-
flammatory molecules, such as interleukin 1-§ are re-
leased and may be implicated in the disease progres-
sion. After the failed healing process, a smoldering fi-
brogenesis may occur, with matrix turnover and cell
activation without normal maturation. Over time, such
chronic processes can become symptomatic and lead
to altered functioning of the affected tendon. Obvi-
ously, tendon components (fibrils, tenocytes, vessels,
nerves, etc.) react differently to mechanical loading,
depending on the milieu within these components op-
erate. Therefore, it is not surprising that the biochemi-
cal milieu, which characterize obese subjects, may
have a negative influence on tendon response to
loading, favouring degeneration, and/or the evolution
to the symptomatic stage of a sub-clinical tendinopa-
thy. These concepts come from studies performed on
Achilles tendon in runners®. Indeed, during normal
running, the tendon is highly solicited and the load
can be as high as eight times body weight, so that
modest increases in weight are amplified within the
tendon“8. However, they can be applied to all ten-
dons, which are selectively stressed in various athlet-
ic activities: the shoulder in swimming and basket,
the elbow in tennis and golf, the knee and ankle in all
the sports characterized by running and jumping.

Conclusions

Obesity is characterized by an adverse biochemical
milieu, and a chronic low-grade inflammatory state,
which may predispose to tendon degeneration. In this
condition, physical activity is recommended to reduce
excess body weight, prevent body weight regain, and
decrease the subsequent risk of developing cardio-
vascular and orthopedic diseases. In particular, an ac-
tive lifestyle can significantly reduce tendon degenera-
tion, and even improve symptomatic tendinopathy.
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Therefore, leisure sport activity is useful in overweight
or obese subjects. However, it must be kept in mind
that an excessive overload can more easily produce
pathologic changes, and therefore some caution is
necessary. As first advice, the frequency and intensity
of the sport performance should be increased gradual-
ly, in accordance with the progression of weight loss,
avoiding agonistic activity and contrast sports, which
are more likely to expose to acute injury. Second,
some sports, such as swimming and cycling, which
have a minor impact on tendons, should be preferred.
However, it is evident that the choice is strictly linked
to the pleasure and gratification deriving from the ath-
letic gesture, and therefore highly subjective. In such
perspective, every athletic activity may be accepted,
providing the strict observance of caution rules.
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