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Lifestyle Factors as Risk Factors and
Treatment Options in Tendinopathy
Abstract
Physical therapists and other therapists often treat patients with tendinopathy,
which is a condition that occurs frequently and has poor prognosis and long
recovery time. Multiple lifestyle factors have found to be risk factors for
tendinopathy. Lifestyle factors such as exercise and movement, nutrition, sleep
and psychosocial factors are often interrelated and can create a vicious spiral for
patients with tendinopathy. Unhealthy lifestyle factors can cause chronic pain,
low-grade inflammation, elevated adiposity, higher waist-to-rib ratio, greater body
mass index, overweight, obesity, high cholesterol, metabolic syndrome, diabetes
type II, rheumatoid arthritis and inflammatory-related diseases, which are the
main factors explaining the association between lifestyle factors and tendinopathy.
Single or multiple lifestyle interventions are available for the treatment of patients
with tendinopathy. Both exercise and movement and nutritional interventions tend
to improve tendon health and recovery of tendinopathy indirectly by decreasing
adiposity, weight, diabetic symptoms, low-grade inflammation and pain. They are
also likely to improve blood levels, bone and muscle health, and collagen synthesis
of tendons, tendon function and tendon-related pain. Sleep, psychological factors,
smoking behaviour and alcohol use also affect tendon pain and tissue healing.
Physical therapists and other therapists may incorporate interventions as part
of the treatment of tendinopathy targeted at improving sleep and psychosocial
factors. Smoking behaviour and alcohol use should be discouraged, for which
multiple interventions are available. The purpose of this commentary article is
to inform physical therapists and other therapists about lifestyle factors as risk
factors and treatment options in tendinopathy.
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Introduction
Tendinopathy is an overuse injury of tendons [1]. It occurs
frequently in athletes, as 30 to 50 percent of injuries in sports
are tendon injuries [1,2]. Athletes participating in a variety of
sports are at risk of developing tendinopathy [2]. However, not
only athletes suffer from tendinopathy. In a general population,
researchers found an incidence rate of 10.52 per 1000 persons
per year and a prevalence rate of 11.83 per 1000 persons per year
[3]. Physical therapists and other therapists often treat patients
with tendinopathy in their daily practice [4]. Tendinopathy has
a negative impact on quality of life, work ability and social and
sports participation, and it is known for its poor prognosis [3].
Pain, loss in function and structural changes may occur in both
upper and lower extremities, which tends to result in incapacity

to repeatedly load the tendon [4]. In tendinopathy, the tendonbone attachment is more frequently affected than the mid-tendon
[4].While structural changes in tendons are not considered
key factors in tendinopathy [4,5], pain and loss in function are
important to address [4,5].
Recovery of tendinopathy is on average slow and tendinopathy is
difficult to treat [3,6]. Among the multiple treatment options that
are described in the scientific literature, load management and
slowly progressing exercise programs are generally considered
the best methods to treat pain and loss in function [1,6]. A
combination of eccentric exercises, isometric exercises, heavy
slow resistance training, plyometric exercises and flywheel
training can be used [7-9]. Empirical research has found that
observable structural changes in tendons are not an explanation
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for how tendons respond to exercises [4,5]. In addition to
exercises and loading modifications, intrinsic factors, which
have be found to be risk factors for tendinopathy, such as genes,
age, body composition and co-morbidities can play a role in the
treatment of tendinopathy [4,10].
Lifestyle factors, which are health-related behaviours or the
potential results of such behaviours [11], have also been found to
be risk factors for tendinopathy [4,6,10,11]. The purpose of this
clinical commentary is to inform physical therapists and other
therapists about the role of lifestyle factors both as risk factors
and as treatment options in tendinopathy. To this end, lifestyle
factors associated with tendinopathy as well as treatment
options to modify lifestyle and thereby impact tendon recovery
are discussed.

Lifestyle factors as risk factors for tendinopathy
Lifestyle comprises health-related behaviours and their
consequences [11]. One can think of behaviours like general
activity levels, sleep, nutrition, smoking, alcohol use, and stressrelated behaviour. Unhealthy lifestyle behaviours are associated
with a variety of negative outcomes, such as chronic pain, lowgrade inflammation, elevated adiposity, higher waist-to-rib ratio,
greater body mass index, overweight, obesity, high cholesterol,
metabolic syndrome, diabetes type II, rheumatoid arthritis and
inflammatory-related diseases [2,3,6,12-18]. There are guidelines
to inform people about a healthy lifestyle [15]. International
guidelines agree about the importance of daily movement and
recommend 150 minutes of moderate intense movement per
week [15]. Moreover, a diet rich in vegetables, fruit, fish and
whole-grains fits best in a healthy lifestyle [15]. Recommendations
about sleep and psychosocial factors are relatively limited [15].
Nevertheless, experts describe good sleep quality as feeling
rested in the morning without having been awake for more than
30 minutes during the night, and good sleep quantity is defined
as 7 to 10 hours a night [11]. Stress as a psychological factor is
difficult to assess objectively, yet high and chronic stress levels
are not recommended [11]. Health guidelines advice against any
smoking and alcohol use is only advised in moderation (i.e., not
more than 5 glasses a week and not more than 2 glasses a day)
[15]. Failure to meet these healthy lifestyle criteria is likely to
result in higher risk of developing tendinopathy [2,3,6].
One can distinguish between intrinsic and extrinsic risk factors
for tendinopathy, for upper and lower extremity tendinopathy
and in both athletes and inactive persons [6]. Extrinsic risk factors
for tendinopathy are general activity levels, changes in loading,
footwear and training surface [6]. Intrinsic risk factors for
tendinopathy are previous limb injury, recent injury of any type,
older age (>30 years), gender (women), higher waist-to-rib ratio,
greater body mass index, overweight, obesity, lower muscle
power, lower muscle strength, lower muscle endurance, reduced
ankle dorsiflexion, foot pronation, improper foot alignment,
steroid exposure, antibiotic treatment, diabetes mellitus, high
cholesterol and rheumatological disease [2,3,6,10-13,18]. While
some risk factors are difficult to influence, most lifestyle-related
risk factors are modifiable [6]. Among lifestyle-related risk factors
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for tendinopathy are first of all lifestyle behaviours such as general
activity levels, nutrition, sleep, alcohol use, smoking and stressrelated behaviour. Secondly, consequences of an unhealthy
lifestyle are also risk factors for tendinopathy, including chronic
pain, low-grade inflammation, elevated adiposity, higher waistto-rib ratio, greater body mass index, overweight, obesity, high
cholesterol, metabolic syndrome, diabetes type II, rheumatoid
arthritis and inflammatory-related diseases [2,3,6,10,12-14,18].
Especially overweight and obesity play an important role in
tendinopathy because of the increased load on tendons in
overweight and obese people and because of an increase in
lipocytes and free fatty acids and higher cholesterol levels and
an increased metabolic activity of pro-inflammatory cytokines
(e.g. interleukin-6, tumor necrosis factor alpha and C-reactive
protein) released by adipose tissue [3,14,19,20]. Figure 1 shows
how lifestyle factors are related and can lead to tendinopathy.

The role of lifestyle factors in treating
tendinopathy
Unhealthy lifestyle factors place a person not only at higher risk
for developing tendinopathy but also influence pain, recovery
and tendon healing [11,20]. After assessing a patient’s lifestyle,
physical therapists and other therapists can target lifestyle factors
in the treatment of tendinopathy. Physical therapists and other
therapists have a role in advising and coaching a patient towards
a healthy lifestyle in line with international guidelines [15] and
they can opt for interventions targeting a single lifestyle factor
or choose combined intervention programs that target multiple
lifestyle factors [21,22]. Combined lifestyle interventions are
effective in reducing body weight and improving dietary habits
leading to reduced incidence of metabolic diseases such as the
metabolic syndrome and diabetes type II [21]. These interventions
involve coaching regarding physical activity, dietary behaviours
sleep and stress [21]. Other lifestyle factors such as alcohol use,
smoking behaviour and psychosocial factors can also be targeted
in a combined lifestyle intervention. In what comes next, specific
treatment options per lifestyle factor are discussed, which can be
implemented as single or combined lifestyle interventions.
First of all, exercise and movement are common therapeutic
interventions and can effectively be used for tendinopathy
patients who experience the negative consequences of an
unhealthy lifestyle, such as elevated adiposity, obesity or
diabetes type II [23]. However, a concern is that these persons
have a higher risk for developing tendon injuries when they start
moving more [20]. Exercises and movement as medicine should
therefore be prescribed carefully [23]. That is, patients with
elevated adiposity, overweight, obesity and/or diabetes type II
should be guided individually during exercises and movement
[23]. Importantly, tendinopathy patients with a healthy weight
and without diabetes or metabolic syndrome can also lack daily
movement, especially if they are injured, and should also be
advised to move and exercise more. Injured athletes who cannot
perform their sports should be encouraged to do other forms of
movement or exercise [4,8]. Fear of injury and lack of motivation
and time are some of the barriers to be more physically active
[23]. In particular when these barriers are present, individually
This article is available from: http://www.archivesofmedicine.com/
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Figure 1 Lifestyle factors leading to tendinopathy.

guided behavioural interventions are more effective than remote
or group interventions and cognitive interventions. Behavioural
interventions are for example goal setting, contracting, selfmonitoring, cues and rewards [23]. Examples of cognitive
interventions - although less effective - are decision making,
health education and provision of information [23].
Second, nutritional interventions have recently been suggested
as treatment of chronic pain and can therefore help tendinopathy
patients since they often experience chronic pain [24,25].
Researchers have also concluded that nutrition may influence the
metabolism of tendons and that it can be used as an intervention
for tendinopathy [24]. Examples of nutritional interventions are
a low-saturated fat and low-added sugar diet and plant-based
diets [16,25]. When treating tendinopathy patients with elevated
adiposity, overweight, obesity and/or diabetes type II, nutritional
interventions and dietary changes can influence adiposity,
weight, low-grade inflammation and diabetes and thereby
influence tendinopathy [11,16,20]. Nutritional interventions
in combination with other lifestyle changes, such as more
exercise and movement, are more effective than nutritional
interventions alone [21]. Specific nutrition as a solo intervention
can nonetheless have a positive influence on tendon recovery.
Nutritional interventions that improve tendon health and aid
tendinopathy recovery are vitamin C-enriched gelatine, glycine,
green tea in combination with glycine and a combination of
spirulina, glucosamine sulphate, ginseng, selenium, sillicium, iron,
vitamin E and zinc [26-29]. Vitamin C-enriched gelatine is proven
to improve collagen synthesis and can thereby play an important
role in the recovery of tendinopathy [26]. Glycine alone and glycine
in combination with green tea result in a higher concentration of
collagen components (i.e., hydroxproline, glycosaminoglycans
and matrix metalloproteinases) and higher birefringence,
ultimately leading to a better organization of collagen fibres
of tendons [27,28]. A combination of spirulina, glucosamine
sulphate, ginseng, selenium, sillicium, iron, vitamin E and zinc
© Under License of Creative Commons Attribution 3.0 License

have anti-inflammatory effects on tendon cells, which results in
improved recovery of tendinopathy [29]. Another combination
of nutrition’s that has been found to have a significant effect on
tendon healing consists of protein, amino acids (leucine, arginine
and glutamine), vitamin C, vitamin D, manganese, copper, zinc
and phytochemicals [32]. Research suggests that nutritional
interventions involving a combination of nutrition’s may be more
effective than single nutrient interventions [30-32]. Research also
suggests the intake of omega-3 and antioxidants in the treatment
of tendinopathy [33]. All these nutritional components can be
recommended to a tendinopathy patient, either as supplements
or via specific nutrition.
Nutritional interventions can also improve tendinopathy-related
symptoms such as reduced muscle strength, bone problems, pain
and low-grade inflammation. Extra protein and vitamin D intake
improve muscle and bone health [16,30], while vegan, vegetarian
and Mediterranean diets decrease pain. Chronic pain is related to
a higher intake of added sugar and saturated fat and to a lower
intake of macronutrients (protein, lipids, carbohydrates), calcium,
folic acid, folate, selenium zinc, magnesium, vitamin A, vitamin K
and vitamin B6 [16,25]. Diet patterns (e.g. Mediterranean diet),
whole foods (e.g. blueberries), specific bioactive nutrients (e.g.
fibers), fatty acids (e.g. omega-3) and polyphenols can all lower
low-grade inflammation markers [31].
As a third type of lifestyle intervention, sleep coaching can have
an influence on tendon recovery. Lower sleep quality increases
the risk of tendinopathy and is a risk factor for the onset and
persistence of chronic pain, which is a symptom of tendinopathy
[32-34]. Pain modulation occurs mainly during sleep and it is
therefore recommended to address sleeping problems as part
of the treatment of chronic pain related to tendinopathy [11].
Moreover, recovery of tissue like tendons is dependent on
the quantity and quality of sleep [35]. Because adrenaline and
cortisol levels are low during hours of sleep, cells divide more
easily and growth hormones are released [34]. Growth hormones
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are endocrine anabolic hormones that increase protein synthesis
[34]. Cell division and protein synthesis are important precursors
of tissue healing and thereby aid in recovery of tendinopathy [34].
Another precursor of tissue healing is low-grade inflammation,
which is increased by disturbed sleep [36,37]. Sleep interventions
can focus on providing education on the relationship between
sleep and tendinopathy (and other health outcomes), coaching
in sleep hygiene, providing an exercise program and giving advice
about sleep positioning and bed mobility [35].
Fourth, psychosocial interventions should be considered if
the patient with tendinopathy has psychosocial problems.
Having an injury like tendinopathy -which is known for its poor
prognosis, long recovery time and impact on daily function and
social and sports participation — can be an stressor in and of
itself [36,37]. Although studies on psychosocial factors as risk
factors for tendinopathy are scant [6,18], psychological distress
has been associated with sports injuries such as tendinopathy
[36]. Distress is known to hinder tissue healing because cortisol
and pro-inflammatory cytokines are released during distress,
affecting the healing process [37]. Moreover, people with higher
distress often have less healthy lifestyle behaviours reflected
in their diet, sleep, exercise, smoking and alcohol use [37].
Patients with tendinopathy can therefore find themselves in a
vicious spiral of pain, distress, unhealthy lifestyle and impaired
healing. Psychosocial interventions can be used to effectively
address factors such as distress and to help patients get out
of the vicious spiral. Psychological factors such as anxiety,
depression and catastrophizing beliefs are associated with the
onset and persistence of chronic pain, poorer prognosis of pain
conditions like tendinopathy and impaired healing of body tissue
[11,37]. Research has also shown that lack of co-worker and
supervisor support is a risk factor for shoulder tendinopathy [13].
Interventions can therefore focus on prescribing exercises, stress
management, relaxation and social support [21,22,37].
Finally, interventions regarding smoking behaviour and alcohol
use are available for patients with tendinopathy. Alcohol impairs
tissue healing because of negative changes in cell division, delayed
collagen synthesis and cardiac and immune dysfunction, and
tissue healing is slower in smokers than in non-smokers because
of the toxins in cigarette smoke, which impair peripheral oxygen
supply and collagen proliferation [37]. Physical therapists and
other therapists can educate advice and/or coach a patient with
tendinopathy about the effects of alcohol and smoking on their
recovery [22]. In collaboration with the patient’s physician, they
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can be recommended to start an alcohol or smoking cessation
program [22].
Importantly, most lifestyle factors are interrelated. Lack of physical
activity and daily movement are for example not only associated
with overweight but also with poorer sleep quantity and quality
[21,23]. Similarly, nutrition, sleep and psychological distress are
closely related [11]. In fact, the lifestyle factors discussed in this
article all have a reciprocal relationship with each other [21]. The
implication is that improving a single lifestyle factor can have
cascading events. For instance, more movement and exercise will
be effective for the tendon itself (in terms of better structure,
less pain and less dysfunction) but also holistically affect one’s
physical and mental health, thereby influencing tendinopathy
(in terms of less pain, improved neuroplasticity, better cognitive
function, better blood levels, less adiposity and lower low-grade
inflammation) [5,8,11,23-37].

Discussion and Conclusion
Multiple lifestyle factors have been found to be risk factors for
tendinopathy. Unhealthy lifestyle factors can cause chronic
pain, low-grade inflammation, elevated adiposity, higher waistto-rib ratio, greater body mass index, overweight, obesity, high
cholesterol, metabolic syndrome, diabetes type II, rheumatoid
arthritis and inflammatory-related diseases, which are the main
factors explaining the association between lifestyle factors and
tendinopathy. This article has discussed the lifestyle factors of
exercise and movement, nutrition, sleep and psychosocial factors
and how they are often interrelated and can create a vicious
spiral for patients with tendinopathy.
Single or combined lifestyle interventions can be considered
in the treatment of patients with tendinopathy. Exercise and
nnutritional interventions can improve tendon health and
recovery of tendinopathy, both indirectly - by decreasing
adiposity, weight, diabetic symptoms and low-grade inflammation
and by increasing blood, bone and muscle health - and directly
by improving collagen synthesis of tendons, tendon function and
tendon-related pain. Sleep and psychosocial factors also affect
tendon pain and tissue healing. Physical therapists and other
therapists can apply lifestyle interventions to improve sleep and
positively affect psychosocial factors as part of the treatment
of tendinopathy. Finally, smoking behavior and alcohol use
negatively affect tendon recovery and should therefore be
discouraged to improve tendon recovery.
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