
The Role of muscle in Health and Disease

Muscles play a vital role (that has often been underappreciated) in whole body 

protein metabolism and in serving as a reservoir for amino acids. The 

maintenance of adequate muscle mass, strength, and metabolic function are 

important milestones to keep in mind when understanding the role of muscle 

health throughout the life span.

CENTRAL ROLE OF MUSCLE PROTEIN IN WHOLE-BODY METABOLISM

Maintenance of protein content of certain tissues and organs, such as the skin,
brain, heart, and liver, is essential for survival.



It  has  been recognized since the early  1960s  that,  in  the absence  of  nutrient
intake, muscle protein serves as the principal reservoir to replace blood amino
acid needed up by other body tissues.

So also, the primary outcome of ingested amino acids is their incorporation into
muscle protein to replenish the reserves of amino acids lost in a fasting state,
should that occur. Under normal conditions, gains in muscle protein mass in the
fed state  balance the  loss  of  muscle  protein  mass  in  the postabsorptive state
( after digestion is complete).

In  contrast,  it  is  important  to  understand  that  depletion  of  muscle  mass  is
incompatible with life.  For  example,  there is  a strong association between the
depletion of body cell mass (indicating depletion of muscle mass) and the length
of  survival  of  seriously  ill  patients  with  AIDS  .  Studies  performed  by  Jewish
physicians  in  the  Warsaw  ghetto  suggest  that  death  from  starvation,
uncomplicated  by  critical  illness,  occured  when  muscle  protein  breakdown
became  inadequate  to  maintain  the  necessary  supply  of  gluconeogenic
precursors (Gluconeogenesis is a metabolic pathway that leads to the synthesis of glucose
from other non-carbohydrate precursors), 

Stressed  states,  such  as  those  associated  with  sepsis,  advanced  cancer,  and
traumatic injury, impose greater demands for amino acids from muscle protein
breakdown than does fasting.

 For example, quantitative studies of wound healing suggest that a protein intake
of >3 g protein · kg−1 · d−1    (more than 3 grams per kg body weight per day) is
required  to  provide  the  necessary  precursors  for  the  synthesis  of  proteins
required for normal healing of a burn injury to 50% of the body. Coupled with the
continued amino acid requirement of most tissues, actual utilization of protein in
severely burned individuals may exceed 4 g protein · kg−1 · d−1. This represents ≈4
times or more the normal daily intake of protein.

Not  surprisingly,  individuals  with  limited  reserves  of  muscle  mass  respond
poorly  to  stress.  For  example,  survival  from  severe  burn  injury  is  lowest  in
individuals with reduced lean body mass . Loss of muscle mass is also known to be
detrimental  to survival  from cancer.  For  example,  in  patients with lung cancer
receiving radiation therapy, the amount of body protein  predicted recurrence. 



In those in whom body protein decreased, recurrence and, ultimately, survival was
worse  than  in  patients  who  were  able  to  maintain  or  increase  muscle  mass.
Although it is possible that muscle loss occurs because of impaired appetite and,
thus, reduced protein intake in those more susceptible to recurrence, the relation
between muscle mass and recurrence of illness is nonetheless striking.

Whereas muscle mass plays a key role in recovery from critical illness or severe
trauma, muscle strength and function is central to the recovery process

Extensive  losses  of  muscle  mass,  strength,  and  function  during  acute
hospitalization causing sustained physical impairment were likely contributors to
prolonged recovery.  If  there  is  a  preexisting  deficiency  of  muscle  mass  before
trauma, the acute loss of muscle mass and function may push an individual over a
threshold that makes recovery of normal function unlikely to ever occur. For this
reason, >50% of women older than 65 y who break a hip in a fall  never walk
again. 

ROLE OF MUSCLE IN CHRONIC DISEASE

Chronic diseases related to poor lifestyle behaviors account for more than two-
thirds of deaths in the United States.

However, studies have found that alterations in muscle play an important role in
the  most  common diseases  and  conditions.  Heart  disease  and  cancer  are  the
major  chronic  diseases  suffered in  the  United  States.  Both cardiac  failure  and
cancer  are  often  associated  with  rapid  and  extensive  loss  of  muscle  mass,
strength, and metabolic function (cachexia). With cardiac and cancer cachexia, the
loss of muscle mass is an important determinant of survival. 

Sarcopenia,  the progressive loss of muscle mass and function that occurs with
aging, is a widespread syndrome that has a devastating effect on quality of life and
ultimately  survival.  Progressive  sarcopenia  is  ultimately  central  to  the
development  of  frailty,  an  increased likelihood of  falls,  and impairment  of  the
ability to perform ADL ( Activities of Daily Life).

OBESITY AND MUSCLE

The development of obesity results from an energy imbalance over a prolonged
time, which means that energy intake exceeds energy expenditure. An effect on



energy  balance  can  therefore  be  achieved  by  altering  either  energy  intake  or
energy expenditure

The synthesis and breakdown of muscle protein are principally responsible for the
energy expenditure of resting muscle.

Obesity is clinically characterized by a disproportionate increase in fat mass. Less
appreciated is the fact that muscle mass in obesity is also increased. Although
the  energy  expenditure  associated  with  larger  muscle  mass  in  obesity  is
insufficient to offset the excessive energy intake, the expanded muscle mass can
be capitalized on to facilitate weight loss. 

DIABETES AND MUSCLE MASS

Type 2 diabetes develops in stages. The onset of the process involves a decreased
ability of insulin to stimulate muscle to clear glucose from the blood. So-called
“insulin  resistance”  of  muscle  is  a  hallmark  of  the  metabolic  syndrome, a
precursor to diabetes.

As the metabolic syndrome progresses to diabetes, increased insulin secretion is
unable to effectively  counterbalance the ineffectiveness  of  insulin  to stimulate
muscle glucose uptake, and glucose intolerance ensues. Only in the later stage of
diabetes does the pancreas lose the ability to secrete extra insulin in response to
hyperglycemia. Disruption of the normal rate of muscle glucose uptake by muscle
is thus central to the onset and progression of diabetes

A relative increase in body fat is an appealing explanation for the decline in insulin
sensitivity in both obese and elderly individuals.

However,  over  the  past  few years  it  has  become evident  that  changes  in  the
metabolic function of muscle itself plays a more direct role in the development of
insulin resistance and diabetes than previously thought.

MUSCLE AND OSTEOPOROSIS

Mechanical  force on bone is  essential  for modeling and remodeling,  processes
that increase bone strength and mass. Whereas body weight and weight-bearing
exercises provide a direct mechanical force on bones, the largest voluntary loads
on bone are proposed to come from muscle contractions. Correlations between
grip strength and bone area, bone mineral content, and bone mineral density in



both  healthy  athletes  and  stroke  patients  support  the  notion  that  muscle
contractions play a significant role in bone strength and mass

Maintenance  of  adequate  bone  strength  and  density  with  aging  is  highly
dependent on the maintenance of adequate muscle mass and function. Thus, the
importance of muscle in prevention of osteoporosis is clear.

SOLUTIONS TO MUSCLE LOSS

There are 3 potential approaches to maintaining or increasing muscle mass and
function: hormonal therapy, exercise, and nutrition.

There are 3 general approaches to hormone therapy. Hormones can be given to
replace a deficiency, hormones can be given to raise the concentration above the
normal value, and agents can be given to block hormone action by either reducing
the rate of secretion or blocking their action. All approaches may have a role in
maintaining or increasing muscle mass.

Exercise improves muscle function and, in some circumstances, increases muscle
mass as well. Improved function may not be limited to the contraction properties
of muscle but also muscle metabolism. For example, exercise training improves
insulin sensitivity. It appears that exercise is more effective at preventing loss of
muscle than of restoring lost muscle mass.  

Whereas  exercise  interventions  in  individuals  with  sarcopenia  can  successfully
improve functionality, the reversal of the loss of muscle mass with aging has been
more problematic. Further gains in physical strength and function resulting from
exercise programs are often less effective in the elderly than would be expected in
younger subjects undergoing the same training protocol.

Elderly  individuals,  particularly  women,  are  often  too  weak  to  perform  the
intensity  of  exercise  necessary  to  induce  the  same  magnitude  of  physiologic
adaptations  that  occur  in  younger  subjects.  Rather  than  initiate  practices  to
reverse sarcopenia, it would be more effective to prevent its development. 

Progressive loss of muscle mass and strength occurs throughout adult life, and in
middle  age  the  rate  of  loss  is  accelerated  and  maintained  until  old  age  .
Intervention in middle age or younger ages is therefore necessary to offset the
deleterious effects of sarcopenia in old age.



The importance of maintaining muscle mass and physical and metabolic functions
in the elderly is well-recognized. Less appreciated are the diverse roles of muscle
throughout life and the importance of muscle in preventing some of the most
common  and  increasingly  prevalent  clinical  conditions,  such  as  obesity  and
diabetes.
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