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KEY POINTS

The inflammatory response to an injury is an integral and important part of the healing process. Whereas excessive or prolonged inflammation may
have negative consequences, the inflammatory response to most injuries is necessary and caution is warranted before attempts are made to counter
it with nutritional interventions.

Immobilization of a limb due to injury results in a sudden and dramatic loss of muscle mass, strength and function. Muscle loss with muscle inactivity
results primarily from a global decrease in muscle protein synthesis and “anabolic resistance,” i.e., a diminished response to stimulation of muscle
protein synthesis by anabolic or “muscle building” agents, including amino acids and insulin.

Energy intake during a period of limb immobilization is often decreased from normal, but the decrease is unlikely to be as dramatic as may be initially
considered. Careful determinations of energy expenditure and intake during recovery from injury are important aspects of nutritional management.
A sudden and dramatic decrease in protein intake following a relatively severe injury — likely in conjunction with a voluntary decrease in energy
intake — will lead to negative nitrogen balance resulting in impaired wound healing and/or increased muscle loss during periods of reduced activity.
Maintenance, or even an increase, in the absolute amount of protein ingested during periods of reduced activity (g protein - kg body mass™ - d) and
energy intake are important aspects of nutritional support for injuries.

There is a theoretical rationale and/or preliminary evidence for the efficacy of several nutraceuticals, including omega-3 fatty acids, leucine and
creatine, to counter muscle loss during limb immobilization and/or reduced physical activity following injury. However, not only must any available
data be considered preliminary, an understanding of the optimal dose, timing and potentially harmful consequences of using these nutraceuticals is
in its infancy.

There is also preliminary and indirect evidence for nutritional support for injuries other than those requiring limb immobilization, e.g., traumatic
brain injuries (concussions) and muscle injuries. However, despite claims for the efficacy of many nutrients, in particular protein and free amino acid
mixtures, most evidence is equivocal and it is not wise to make solid recommendations regarding these types of injury for any particular nutrient at

this time.

INTRODUCTION

Every exerciser from elite-level athletes to those participating in physical
activity for health and enjoyment can relate to the frustration of exercise-
induced injury. Injuries range from very minor scrapes and bumps to
more severe harm requiring prolonged inactivity and/or limb
immobilization. Thus, there is a great deal of interest among sport and
exercise practitioners to utilize interventions that can lessen the impact
of injuries and increase the rate of healing and recovery. Among other
interventions, nutritional strategies to support recovery from exercise-
induced injuries have been considered. Unfortunately, despite the
volume of material written about nutritional support for exercise-induced
injury, most available information is based on speculation — even
wishful thinking — and very few recommendations are backed by data
from studies directly examining nutrition in injured humans (Tipton,
2015). This Sports Science Exchange article will discuss the evidence
for support of injured athletes and exercisers through nutrition and
attempt to make recommendations based on available information.

Recovery from exercise-induced injury may be considered to have two
main stages, both of which may be influenced by nutrition choices. The

first stage is the healing and recovery stage, characterized by an initial
inflammatory response, wound healing and, almost certainly, reduced
activity. More severe injuries may also result in limb immobilization and
dramatically reduced activity levels. The second stage follows return to
activity and rehabilitation. Often the lines between the two stages are
somewhat blurry, but if limb immobilization is involved the transition
from one stage to the other is usually rather clear. Unfortunately, it
seems apparent that complete recovery, especially return to full activity
and training, takes longer than the period of immobilization and/or
reduced activity (Tipton, 2015). Clearly, appropriate nutritional support
may be critical for a reduction in the negative impact of the injury per se,
reduction in activity due to the injury and possibly immobilization of a
limb, as well as to support increasing activity and rehabilitation.
Nutritional recommendations for rehabilitation and return to full training
are similar to those made for increased muscle growth (Phillips, 2014).
Thus, this discussion primarily will focus on the first stage of recovery
from injury, i.e., the time when wounds are healing and activity is
reduced, possibly due to limb immobilization. Moreover, whereas most
of the discussion will center on injuries leading to limb immobilization, an



attempt to offer some information on other types of injuries also will
be made.

INFLAMMATORY RESPONSE

An immediate inflammatory response is initiated following an exercise-
induced injury. This response may last for a few hours up to many days
depending on the severity of the injury (Calder, 2013). Whereas an
appropriate inflammatory response is a critically important aspect of
wound healing andthus recoveryfrom injury, nutritional recommendations
to lessen inflammation are commonly made. Recommendations for high
intake of anti-inflammatory and antioxidant nutrients, such as omega-3
fatty acids (n-3FA), vitamins and phytonutrients are often touted (Calder,
2013). However, increasing intake of nutrients designed to curb
inflammation following an injury should be done with caution. Given that
the inflammatory response, per se, is critical for initiating optimal wound
healing, dampening this response may be counterproductive. Moreover,
important characteristics of supplementation designed to optimally
reduce inflammation, such as the dose, frequency and duration of intake
of nutrients, are unknown. Thus, unless there is evidence of excessive
and overly prolonged inflammation — unlikely in otherwise healthy,
injured athletes — caution is warranted regarding interventions aimed
at eliminating inflammation.

METABOLIC RESPONSES TO LIMB IMMOBILIZATION AND
DECREASED ACTIVITY

One of the most onerous consequences of an exercise-induced injury is
immobilization of a limb, forcing a drastic reduction in activity and
training. Limb immobilization is harmful for tendon structure, muscle
mass and tendon and muscle function of the injured limb and often
results in a more general decline in activity levels. Measurable muscle
loss has been reported in as little as 5 d of limb immobilization (Wall et
al.,, 2014) and altered gene expression has been noted with only 48 h of
muscle disuse (Reich et al., 2010). Thus, any injury requiring even
limited immobilization and/or muscle disuse may have detrimental
metabolic and functional consequences.

The metabolic mechanism for changes in muscle mass is net muscle
protein balance (NBAL), i.e., the balance between the rate of muscle
protein synthesis (MPS) and breakdown (MPB). Muscle is lost over any
given period of time when intervals of negative NBAL are greater than
intervals of positive NBAL. The preponderance of evidence suggests
that changes in MPS are more influential on loss of muscle than changes
in MPB. It is clear that during muscle disuse, the basal rate of MPS
(resting and fasted) is decreased (Ferrando et al., 1996; Glover et al.,
2008), but the influence of MPB on NBAL during muscle disuse is less
clear. Measurement of MPB in humans is difficult and indirect measures
are often necessary to attempt to assess changes in MPB that may
contribute to muscle loss. After 14 d of strict bed rest, dynamic
measurements of MPB using stable isotopic tracers show that MPB is
decreased, albeit to a lesser extent than MPS (Ferrando et al., 1996).
Thus, after 14 d the decrease in MPS is greater than that of MPB leading
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to negative NBAL and muscle loss. There is now preliminary and indirect
evidence — based on mRNA expression of proteins involved in MPB
pathways — that MPB may be increased during the first few days of
immobility (Wall et al., 2014). These data suggest that a transient
increase in MPB may contribute to muscle loss early after a limb is
immobilized. However, increases in these indirect, static markers of
MPB do not persist for longer periods, e.g., 14 d (Abadi et al., 2009;
Glover et al., 2010). Moreover, there is convincing evidence that static,
indirect markers of MPB do not represent the dynamic metabolism of
muscle (Abadi et al., 2009; Glover et al., 2010; Phillips, 2014). Thus,
solid conclusions regarding the importance of MPB for muscle loss
during limb immobility are lacking. Nevertheless, it seems clear that
decreased MPS is the major metabolic mechanism behind negative
NBAL and muscle disuse atrophy.

Probably the most prominent metabolic contributor to muscle loss with
disuse is the resistance of muscle to anabolic stimulation. The response
of MPS to amino acids and exercise is reduced following a period of
disuse and is termed “anabolic resistance.” It is clear that MPS does not
respond as well to protein ingestion after disuse compared to when the
muscle is active (Glover et al., 2008). Moreover, recent evidence
suggests that simply reducing activity for 14 d leads to anabolic
resistance in muscle (Breen et al., 2013). Thus, even if an injury does
not result in full immobility of a limb, reduced activity as a result of the
injury could lead to metabolic impairments and loss of muscle size and
function. Nutritional interventions aimed to counter the reduction in
basal MPS, as well as countering anabolic resistance of muscle, should
be considered during periods of reduced activity and/or immobilization
following an injury.

Muscle loss is not the only negative consequence of inactivity in muscle
tissue. Muscle mitochondrial oxidative function and metabolic flexibility
are also impaired with muscle disuse. Nearly all aspects of mitochondrial
function are impacted (Abadi et al., 2009). Moreover, simply reducing
activity of muscle for 14 d may lead to decreased insulin sensitivity of
muscle (Breen et al., 2013). These adverse changes to muscle oxidative
and metabolic function during immobilization are more evidence of the
potential for the damaging impact of reduced muscle activity or
immobilization following exercise-induced injuries.

NUTRITIONAL SUPPORT FOLLOWING INJURIES NECESSITATING
IMMOBILIZATION

Many nutrients and nutritional strategies have been proposed to help
improve recovery from exercise-induced injuries involving immobilization
and/or reduced activity. A rationale for the use of many of these nutrients
has been proposed, but little direct information is available (Tipton,
2015). A complete evaluation of all nutrients mentioned in this context is
beyond the present scope and thus the focus will be on energy intake
and protein/amino acids.

Energy Intake
Appropriate energy intake during immobilization is critical for optimal
recovery and return to training. Energy expenditure almost certainly will
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decrease as a function of reduced training and activity, while
immobilization of a limb involving ambulation may necessitate an even
further decline. Nevertheless, the decrease in energy expenditure may
not be as much as expected and careful consideration of energy intake
should be made before recommendations are made to injured athletes.

There are several relatively subtle, and often underappreciated, factors
that may influence energy expenditure and thus determine energy intake
during limb immobilization and reduced activity. Injury, per se, increases
energy expenditure. The magnitude of the increase, from 15 — 50%,
and the duration of the increase depend entirely on the type and severity
of the injury (Tipton, 2015). Furthermore, ambulation with crutches
costs 2-3 times the energy of walking (Waters et al., 1987). Therefore,
the total energy expenditure may not decrease as much as anticipated,
particularly if the athlete does not voluntarily restrict movement during
recovery.

An effort to attain energy balance during recovery from injury is critical.
If restriction of energy intake is too severe, recovery almost certainly will
be slowed due to reduced MPS, impaired wound healing (Tipton, 2015)
and exacerbated muscle loss (Mettler et al., 2010). Thus, care should
be taken to ensure that sufficient energy is consumed during recovery
from an injury. On the other hand, a large positive energy balance also
is undesirable for optimal healing and recovery. There is evidence that
positive energy balance actually accelerates muscle loss during
inactivity, most likely via activation of systemic inflammation (Biolo et al.,
2008). Therefore, careful assessment of energy balance during both the
period of inactivity and rehabilitation may be well worthwhile. Energy
balance should be the aim during reduced inactivity and/or immobilization
due to injury. Adjustment of energy intake to match expenditure as
recovery progresses and the metabolic situation and activity patterns
change is an important consideration.

Protein/Amino Acids

Protein is quite clearly the macronutrient most often associated with
support for injuries involving immobilization and muscle loss (Tipton,
2015). Inadequate protein intake will impair wound healing and
exacerbate muscle loss. Given that muscle loss results from decreased
synthesis of myofibrillar proteins (Glover et al., 2008), and that the
healing processes are heavily reliant on synthesis of collagen and other
proteins, the importance of protein should be obvious. However, the
optimal amount of protein in any given injury situation has yet to be
determined.

The absolute amount of protein to be consumed on a daily basis is one
important consideration for nutritional support of injuries. A reduction in
protein intake, per se, may have a detrimental impact on muscle
metabolism. This disruption may be particularly evident if habitual
protein intake is relatively high (=1.5 g protein - kg body mass (BM)* -
d”). A sudden decrease in protein intake results in negative nitrogen
balance (Quevedo et al., 1994) and nitrogen loss is almost certainly
from muscle during periods of negative energy balance (Pasiakos et al.,
2010). It was demonstrated that athletes consuming relatively high
protein intakes (~2.3g protein - kg BM™ - d") had reduced muscle loss
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during periods of negative energy balance compared to athletes with
lower protein intakes (~1.0 g protein - kg BM™ - d") (Mettler et al., 2010).
However, it is not clear whether the reduced muscle loss was due to
protein intake above habitual (1.5 ==> 2.3 g protein - kg BM™ - d).
Rather, the loss of muscle in the lower protein group could have been
due to the negative nitrogen balance when protein intake is lowered
from habitual (1.5 ==> 1.0 g protein - kg BM™" - d) (Quevedo et al.,
1994). Taken together, it seems clear that protein intake should not
decrease suddenly even in the face of reduced energy intake and that
appropriate evaluation of habitual protein intake that helps inform
recommendations for protein intake after injury should be made.

There are factors other than the total amount of protein to consider for
optimal support of injury-induced muscle loss. MPS is maximized with
the ingestion of ~20-25 g (Witard et al., 2014) or ~0.25-0.30 g/kg BM
(Moore et al., 2014) in one dose of protein in both resting and contracted
muscle . However, given the onset of anabolic resistance with immobility
and reduced activity (Glover et al., 2008), it is likely that the amount of
protein in each dose necessary to maximally stimulate MPS in
immobilized muscle will be increased. Thus, another important
consideration for nutritional support during recovery from injury should
be careful consideration of the amount of protein in each meal.

The essential amino acid (EAA) content of the protein is likely the most
important factor for optimal stimulation of MPS (Tipton et al., 1999).
Thus, EAA supplementation has been suggested as a countermeasure
for inactivity-induced muscle loss and has been shown to be effective
for amelioration of muscle loss with inactivity (Paddon-Jones et al.,
2004). Moreover, unlike many other proposed interventions, there has
been direct assessment of decreased muscle loss with EAA
supplementation following an injury (Dreyer et al., 2013). Thus, there is
some evidence of efficacy of EAA supplementation during immobilization,
but itis certainly not clear if EAA supplementation is more effective than
consuming whole proteins containing the same amount of EAA. Given
the cost (and taste) of EAA supplements, intact proteins may be a better
choice for most injured athletes.

There is also evidence that the branched-chain amino acid, leucine,
may be a particularly important EAA for amelioration of muscle loss with
reduced activity, as it may be effective for overcoming muscle anabolic
resistance (Katsanos et al., 2006). However, no study has directly
investigated the response of muscle to leucine ingestion during a period
of muscle disuse following an injury in humans. Moreover, there are
potential negative effects, e.g., high blood ammonia, possible
impairments in glucose control and brain neurotransmitters, with the
use of high-dose leucine supplementation and so the optimal dose of
leucine supplementation is unknown. Thus, caution is warranted prior to
making recommendations for leucine supplementation during muscle
disuse.

Evidence for Efficacy of Other Nutrients During Disuse atrophy
There is theoretical rationale for the efficacy for increased consumption
of a variety of nutrients other than protein and amino acids during
immobilization or reduced activity following injury. These nutrients
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include, but are not limited to, creatine, n-3FA and antioxidants. Creatine
supplementation has been shown to decrease muscle atrophy in
immobilized arms (Johnston et al., 2009), but not legs (Backx et al.,
2017; Hespel et al., 2001). Given that creatine supplementation is
widely used to enhance muscle gains during resistance exercise training
(Hespel & Derave, 2007), it should be no surprise that creatine
supplementation increased muscle gains following 10 weeks of
rehabilitation after immobilization-induced muscle loss (Hespel et al.,
2001). However, creatine did not enhance muscle regain with a shorter
period of recovery from disuse-induced muscle atrophy (Backx et al.,
2017). Thus, it seems that recommendations for creatine use by injured
athletes may be situational, as the efficacy is clear during longer, but not
shorter periods of muscle hypertrophy, while the impact on amelioration
of muscle loss is uncertain.

Considerable support for use of n-3FA for nutritional support for injuries
is available. In many cases, this attention is related to the anti-
inflammatory and immunomodulatory properties of n-3FA (Calder,
2013). Furthermore, there is preliminary evidence suggesting that fish
oil supplementation could play a role in the amelioration of muscle loss
with disuse (You et al., 2010; Smith et al., 2011). At this time, there are
no data showing that n-3FA supplementation effectively limits muscle
loss in humans. Moreover, the appropriate dose for injured humans has
not been established. Thus, wholesale recommendations for fish oil
supplementation during immobilization must be considered premature
and caution is warranted.

Oxidative damage is often a concern immediately following an injury.
Oxidative damage is thought to be a contributing factor for muscle loss,
primarily by increasing MPB (Magne et al., 2013). Thus, antioxidant
compounds, including n-3FA, have been commonly recommended to
improve healing and recovery (Demling, 2009; Magne et al., 2013). In
high doses, there does seem to be some impact of antioxidant
supplementation on muscle loss in rodents (Magne et al., 2013).
However, equivalent doses would likely be problematic and potentially
toxic if taken by humans (Magne et al., 2013). Lower doses that might
be better tolerated tend not to be as effective. In one human study,
vitamin C and E supplementation failed to influence recovery of muscle
dysfunction following knee surgery (Barker et al., 2009). However,
vitamin C status prior to supplementation was correlated with
improvements in muscle function. Thus, taken together, these results
suggest that sufficient antioxidant intake is important for optimal
recovery, but supplementation on top of sufficiency is unnecessary if
nutrient status is adequate.

NUTRITIONAL SUPPORT FOR OTHER INJURIES

Not all injuries require limb immobilization, and even if training is
curtailed or reduced, muscle loss may be less and the metabolic
consequences might not be as severe. Moreover, there is evidence that
some injuries might have particular nutritional requirements.
Unfortunately, to date very little is known about responses to nutrition in
injured humans and/or any available data are equivocal. Nevertheless, a
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brief discussion of what little is known about nutrition to support a few
selected types of injuries seems warranted. If for no other reason,
mention of these areas is important to urge caution before wholeheartedly
embracing a nutritional strategy touted by one of the many so-called
experts.

Concussion (Traumatic Brain Injury)

Traumatic brain injuries (TBI) in athletes are attracting an increasing
amount of attention and scrutiny. In contact sports, such as rugby and
American football, these injuries are increasingly common. However,
there still are no approved therapies to treat TBI and the underlying
processes and to enhance recovery from TBI (Barrett et al., 2014).
Thus, it seems clear that a nutritional intervention that could ameliorate
the consequences of TBI and improve cognitive and neuromuscular
function would be valuable for active and retired athletes.

Antioxidant and anti-inflammatory agents are the focus of almost all
nutrition-related research in relation to TBI. The research to date is
based almost entirely on rodent models. Animal studies consistently
demonstrate that both prophylactic and therapeutic use of n-3FA and
curcumin increase cognitive function, as well as mechanistic indications
of neural damage (Barrett et al., 2014). At this juncture, very little data
have been published examining this question in humans. There have
been a small number of case studies suggesting that high-dose n-3FA
may improve acute outcomes after TBI. Recently, there have been
promising results for the efficacy of docosahexanoic acid (DHA)
supplementation, one of the n3-FA, for reducing markers of head
trauma in American football players (Oliver et al., 2016). However, there
is no consensus on the best biomarker for TBI, so the results from one
study only should be viewed with caution. Interestingly, this study
suggests that too much of a good thing may not be so good. Higher
doses of DHA resulted in poorer results. So, not only is there uncertainty
on the actual efficacy due to choice of biomarker, but the optimal dose
needs to be determined. Thus, it is not clear if the efficacy of n-3FA for
TBI in rodents can be applied appropriately to humans. Therefore,
whereas preclinical and preliminary data on the impact of n-3FA for
recovery from TBI are promising, solid recommendations to include
n-3FA in a treatment regimen cannot be made, at least until the results
of the ongoing clinical trials are reported.

Muscle Tissue Injuries

Common exercise-induced injuries include those with damaged muscle
and other soft tissues. A common model used to examine muscle
injuries is the eccentric (muscle lengthens while contracting) exercise
model, which results in muscle soreness and loss of muscle function
(Sousa et al., 2014). While nutrients have been suggested as
countermeasures for muscle injuries, studies suggesting that protein
and/or free amino acids may alleviate some indicators of muscle damage
are most prominent. Other studies do not report an effect of protein or
amino acids. The variable results are likely due to varying supplementation
patterns, types of exercise and other design considerations (Sousa et
al., 2014). Provision of antioxidants and anti-inflammatory agents to
alleviate symptoms of muscle damage has been suggested as another
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popular strategy. However at best, as with protein, the literature can only
be considered equivocal. Despite the equivocal nature of studies
investigating the efficacy of protein, antioxidants and other nutrients,
many recommendations are commonly made (Sousa et al., 2014).
Clearly, given the disparity in the types of exercise, supplementation
patterns and other methodological issues, very little insight into nutrition
for muscle injuries can be gleaned from exercise-induced muscle
damage studies. Hence, itis not possible to make solid recommendations
regarding nutritional countermeasures to exercise-induced muscle
damage and injuries. The reader is urged to exhibit caution before trying
any particular nutritional method for athletes with muscle injuries.

WHAT TO AVOID

The main focus of the discussion above has been on what nutrients to
consume. However, what to avoid also should be considered. As
mentioned above, the most obvious nutritional consideration is to avoid
nutrient deficiencies. On the other hand, excesses of nutrients also
should be avoided.
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Figure 1. Schematic diagram depicting the metabolic and functional consequences
of immobilization following an exercise-induced injury.

Whereas many may consider it to be obvious, avoiding excessive alcohol
intake is important following an injury. Alcohol ingestion impairs muscle
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protein synthesis (Vargas & Lang, 2008) and wound healing, likely by
reducing the inflammatory response (Jung et al., 2011). Thus, at least in
rats, alcohol intake increases muscle loss during immobilization (Vargas
& Lang, 2008). Whereas it may be self-evident, it is worth emphasizing
that limited alcohol ingestion during recovery is important. So, as
tempting as it may be to indulge in alcohol to drown sorrows or diminish
pain, only small amounts, if any, should be imbibed.

SUMMARY AND PRACTICAL APPLICATIONS

In summary, there is much still to be learned about the best nutritional
strategy to enhance recovery from exercise-induced injuries. There are
claims for the efficacy of many nutrients, yet direct evidence is sorely
lacking. It is clear that a careful evaluation of each patient’s situation
must be conducted before any nutritional recommendations are made to
support recovery from exercise-induced injuries.

e The best recommendation would be to adopt a “first, do no harm”
approach. The use and amount of each nutrient should be
considered in the context of a risk/benefit ratio for each individual
athlete with a particular injury situation. Even if the benefit is
uncertain, it may be worth trying if no risks can be identified.

e Asalways, the basis of a nutritional strategy for an injured exerciser
should be a well-balanced diet based on a diet of whole foods from
nature (or foods made from ingredients from those foods) that are
minimally processed.

e Deficiencies, particularly energy, protein and micronutrients, must
be avoided. Energy balance is critical.

e Nutritional status and energy requirements should be assessed
throughout recovery and nutrient intake adjusted accordingly.

e Higher protein intakes (~2-2.5 g protein - kg BM™ - d) may be
warranted. At the very least, the absolute amount of protein intake
should be maintained even in the face of reduced energy intake.

e There is promising evidence for the efficacy of other nutrients, e.g.,
leucine, curcumin, n-3FA, in certain situations, but it must be
considered  preliminary.  Caution is  warranted  before
recommendations for wholesale use of these nutrients by injured
athletes are made.

e Atthis point, solid recommendations for nutritional interventions as
countermeasures for traumatic brain injuries and muscle injuries
are premature. The same common sense nutritional
recommendations apply for these injuries as those above.
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