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ABSTRACT

Objective: Sarcopenia is a disease of low skeletal muscle mass and strength that occurs with aging. It is most commonly seen in
individuals aged 50 years and over. Nurse practitioners can take a proactive approach to the understanding and screening of this
disease in attempts to prolong its onset or to treat the condition before it leads to additional adverse consequences.

Methods: A comprehensive review of the literature, including evidence-based literature from peer-reviewed articles, including
randomized controlled trials, was conducted.

Results: This review of the literature indicated patients can benefit greatly from nurse practitioner’s awareness and intervention
by screening for sarcopenia as well as offering appropriate education and treatment to their patients. Once a diagnosis is reached,
the nurse practitioner can then collaborate with other disciplines such as nutrition, medicine, exercise physiology and/or physical
therapy to develop an intervention strategy that can treat or prevent this condition before it leads to decreased independence, early
onset disability and decreased quality of life, among other adverse health outcomes.

Conclusions: There is a call to action on the part of nurse practitioners in efforts to prevent and/or slow the onset of age-related
sarcopenia and its adverse consequences.
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1. INTRODUCTION mass that occurs with aging. The rate of muscle mass loss
with aging has been estimated at 6% per decade beginning at

An ICD-10 diagnosis code, M62.84, was awarded for sar-  about 50 years of age,™>*! and estimates of muscle strength

copenia in the United States in late 2016.['1 With the es-
tablishment of this code and its use by practitioners, practi-
tioners and patients need key information about diagnosis,
prevention and treatment of sarcopenia. Muscles make up
40 to 50% of the body’s mass and are critical for activities
of daily living, functional independence, and quality of life.
Sarcopenia, taken from the Greek language, literally means
“poverty of flesh”?! to describe the loss of skeletal muscle

loss range from 10 to 15% per decade between ages 50 to 70
years, after which time this loss accelerates to 25% to 40%
per decade.!>°

Background and significance

While sarcopenia has been most consistently characterized by
the loss of muscle mass by most professional organizations,
the condition is now more commonly characterized by reduc-
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tions in not only muscle mass, but also muscle strength and/or
function. The European Working Group on Sarcopenia in
Older People (EWGSOP), for example, defines sarcopenia
as a syndrome characterized by progressive and generalized
loss of skeletal muscle mass and strength with a risk of ad-
verse outcomes such as physical disability, poor quality of
life, and death.”-8) The International Working Group on
Sarcopenia IWGS) defines sarcopenia as the age-associated
loss of skeletal muscle mass and function.”! Additional
definitions also include declines in muscle strength and/or
function.['0-12!

These differences in definitions have contributed to consider-
able variations in the estimates of the prevalence of sarcope-
nia. Additionally, an accurate reporting of the prevalence
of sarcopenia continues to be challenging due to differences
in the methods used to assess muscle mass and in cutoff
values used for diagnosis, and due to variability among study
populations such as those who are generally healthy, frail, or
have comorbidities.!'3! Data from the United States National
Health and Nutrition Examination Survey (NHANES) 111,
which included a large sample of over 4,500 adults aged 60
years and older from multiple ethnicities, found that 59% of
women and 45% of men had sarcopenia.l'¥ These prevalence
figures are based on the skeletal muscle mass index which is
calculated as skeletal muscle mass (attained using bioelec-
trical impedance analysis) divided by body mass times 100,
and then compared with gender-specific values from younger
adults (aged 18 to 39 years) in an approach similar to that
used to diagnose osteoporosis. Other approaches used to
estimate the prevalence and to diagnose sarcopenia divide
muscle mass (attained typically by bioelectrical impedance
analysis or by dual x-ray absorptiometry) by height? or by
body mass index (BMI). As a consequence of these differ-
ences, prevalence reports for sarcopenia range from about 1
to 85% in the scientific literature,!!3-15:16]

Yet, while the exact prevalence of sarcopenia among older
adults in the United States is not clear, the condition is costly
to treat. In the United States, in 2000, the estimated direct
health care cost attributable to sarcopenia was 18.5 billion.!'4!
It has been estimated that as little as a 10% reduction in the
prevalence of sarcopenia has the potential to save $1.1 billion
in U.S. health care costs.l'”] However, the costs of sarcopenia
and the savings from its prevention are considerably higher
should the condition result in frailty, falls, and other adverse
events.!'8] Sarcopenia has profound adverse effects on health.
The goals of this review are to provide the nurse practitioner
with an awareness and appreciation for sarcopenia and its po-
tential impact on health and to provide practical approaches
for screening, and prevention and management.
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2. ADVERSE OUTCOMES

2.1 Decreased physical function

Sarcopenia decreases physical function and promotes early
onset disability resulting in decreased independence, func-
tional limitations, and reduced quality of life."*?° In a
study of 4,504 adults > 60 years of age, men with low skele-
tal muscle mass were approximately two times and women
with low skeletal muscle mass were about three times more
likely to exhibit functional impairment and disability when
compared with adults with normal skeletal muscle mass.!'*!
Further, in a study of 1,750 community-dwelling men aged
70 years and over, loss of muscle strength was significantly
correlated with physical disability in independent activities
of daily living and functional limitation.!'”? Data from the
Honolulu Heart Program, which included 3,218 adults, found
that higher handgrip muscle strength in participants assessed
during middle age adulthood was inversely associated with
the presence of disabilities, regardless of the diseases that
may have developed 25 years later at follow-up.>!!

2.2 Falls, frailty, and mortality

2.2.1 Falls

Falls occur frequently in adults over the age of 65 years, with
one-in-three older adults falling annually.”®?! Sarcopenia in-
creases the risk for falls as well as fractures in older adults.?*!
In a study of over 1,600 men and women aged 55-98 years,
men with sarcopenia were two times as likely to have fallen
in the past year versus those without sarcopenia.l*! Another
study of 2,148 older adults aged 59-73 years also reported
that falls were inversely related to muscle strength in men
and women.”! A small study of women presenting with
hip fractures reported more extensive atrophy in the vastus
lateralis muscle than similar aged healthy women.[?®!

2.2.2 Frailty

Sarcopenia also contributes to frailty, with reductions in mus-
cle strength considered as a component of the condition.
Frailty is typically diagnosed based on the presence of at
least three of five following components-weight loss of >
4.5 kg in the past year, exhaustion, physical inactivity, low
walking speed, and reduced muscle strength (assessed from
handgrip strength measurements).”?”! Both higher muscle
mass and muscle quality were found to be inversely associ-
ated with frailty in the Invecchaire in Chianti study which
included 81 participants aged 69 to 81 years.?8]

2.2.3 Mortality

Mortality is also higher among older adults with low muscle
mass and strength. Using results from NHANES III data,
which included a sample of over 4,500 adults age 60 years
and older, women with sarcopenia (after adjusting for comor-
bidities) were found to have a higher mortality risk than those
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without sarcopenia.['®! Landi et al.,®! in a 7-year follow-up
study of 197 participants with a mean age of 85 years, found
that those who had been diagnosed with sarcopenia had a
higher mortality rate (independent of age and other clinical
and functional variables) than those without sarcopenia.

2.3 Hospitalizations,  postoperative  complications,

length of stay, and rehospitalization rates
Individuals with sarcopenia are more likely to be hospital-
ized, and or be placed in nursing homes when compared with
individuals without sarcopenia; increased medical costs and
mortality also result.!'8) Hospitalized patients with sarcope-
nia are also at increased risk of postoperative complications,
an increased length of hospital stay,*°! and higher rehos-
pitalization rates than those without sarcopenia.l®'331 A
study of 127 older adults undergoing oral surgery found that
individuals with decreased muscle strength developed sig-
nificantly more postoperative complications than those with
adequate muscle strength.l** A study of 205 patients under-
going general surgery also found that those with decreased
muscle strength developed significantly more postoperative
complications and had increased length of hospital stay than
the patients with adequate muscle strength.!*! Additionally,
higher muscle strength on admission has been associated
with increased likelihood of discharge to usual residence in a
study of 120 older adults.[3®

2.4 Disease outcomes

The presence of reduced muscle mass also affects outcomes
in individuals with conditions such as cancer, as well as heart,
renal, and respiratory diseases.

2.4.1 Cancer

Individuals with comorbidities such as cancer are less likely
to tolerate some treatment options if they also have low mus-
cle mass. For example, in a study of patients with non-small
cell lung cancer receiving chemotherapy, patients with low
lean body mass and low BMI had a higher incidence of dose-
limiting toxicity compared to those with higher lean body
mass and BMLB7! Another study also showed that cancer
patients who were considered sarcopenic had a greater poten-
tial to develop toxicities related to the chemotherapy regimen
than those with adequate lean body mass.!*¥! Similar findings
have been demonstrated in patients with colon cancer.*’!

2.4.2 Heart, renal, and respiratory diseases

Sarcopenia is also associated with adverse outcomes in pa-
tients diagnosed with cardiovascular disease and heart fail-
ure.[*421 In a study examining body composition and 3-year
mortality in patients with heart disease, individuals with sta-
ble heart disease and low lean body mass had a 15% increase
in mortality compared to those individuals with a higher lean

Published by Sciedu Press

body mass.*!l Similar findings have been reported in pa-
tients diagnosed with renal failure.[*>*! In an observational
study of 14,632 hemodialysis patients, those with lower BMI
as well as muscle mass and/or unintentional weight or mus-
cle loss exhibited a 20% higher death risk when compared
with patients whose weight remained stable.[*6!

Sarcopenia is also associated with adverse outcomes in pa-
tients diagnosed with chronic obstructive pulmonary disease
(COPD). A study of 622 patients with stable COPD found
that those with sarcopenia were more likely to exhibit im-
paired function and health status.*’!" A study of 1,898 pa-
tients with COPD from the Copenhagen City Heart Study
found that both low fat-free mass and BMI were signifi-
cant predictors of mortality;'*3! however, Marquis et al.[*"]
showed that mid-thigh muscle cross-sectional area was a
better predictor of mortality than BMI.

In summary, an evaluation of the literature examining sar-
copenia and health outcomes clearly demonstrates multiple
adverse effects including decreased independence, early on-
set disability, and functional limitations as well as higher
risks of falls, frailty, and mortality. Moreover, in hospital-
ized patients, sarcopenia is associated with increased risk
of postoperative complications and increased length of stay
as well as higher rates of hospitalization and mortality. In
patients with co-morbid conditions, such as cancer and heart,
renal, and respiratory diseases, reduced muscle mass is also
associated with increased mortality.

3. SCREENING & DIAGNOSIS

The clinical implications from the loss of muscle mass,
strength, and/or function in older adults clearly emphasize
a need for prevention and for screening, especially in those
with risk factors.

3.1 Screening

The SARC-F questionnaire is a short screening tool devel-
oped specifically for sarcopenia that is available for use in
community-dwelling older adults.’%3!1 The five-item, self-
reported questionnaire addresses: strength (S) by asking
about difficulty lifting and carrying 10 Ibs.; assistance (A)
by asking about difficulty walking across the room; rise (R)
by asking about difficulty transferring from a chair or bed;
climb (C) by asking about difficulty climbing a flight of 10
stairs; and falls (F) by asking about how many times the
person has fallen in the last year. Scores for each question
range from O to 2 with a total score of 4 or higher indicating
risk for sarcopenia.l>%31]

At present, no other screening tools for sarcopenia are avail-
able. However, several tools are available for malnutrition,
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and malnutrition is frequently identified by unintentional
loss of weight (which includes muscle mass loss), or by low
BMI (< 18.5 kg/m?), which also may indicate low muscle
mass. And, because screening and assessment tools used
for malnutrition typically include information on weight loss
and/or BMI, the use of such tools to identify sarcopenia may
be helpful. Moreover, malnutrition is fairly common among
older adults, affecting about 5% to 30% of those living in the
community and up to 50% in hospital settings.[>?!

Two widely used and accepted screening tools, which
have been tested for validity and reliability, are the Mini-
Nutritional Assessment - short form (MNA-SF) and the Mal-
nutrition Universal Screening Tool (MUST).53! Table 1 pro-
vides information on each of these screening tools. The
MNA-SF is used for screening older adults in community
settings, but has also been validated for use in in-patient hos-
pital settings.’*381 MUST is also commonly used and has
been validated in community as well as in in-patient hospital
settings.[37-3%601

For nutritional diagnosis and the initiation of nutrition sup-
port of malnutrition, the full Mini-Nutritional Assessment
(MNA) and the subjective global assessment (SGA) are
widely used. The full (18-item) MNA, which has been val-
idated in community, hospital, and long-term care settings,
consists of the six-item screening that is part of the MNA-SF
screen along with 12 additional items.!*8! The SGA, also
demonstrated to be valid and reliable for the assessment of
nutritional status in older adults in hospitals and other clinical
settings as well as for malnutrition-related muscle dysfunc-
tion, consists of two parts - a medical history and physical
exam, described further in Table 1.57:61-631 The physical
exam component of the SGA assesses for subcutaneous fat
loss, muscle wasting, and the presence of fluid retention (i.e.
malnutrition-related edema and ascites). This identification
of muscle wasting as part of the physical examination of the
SGA may also be used in conjunction with measurements
of muscle strength or alone to assist in the identification of
sarcopenia.

3.2 Diagnosis

3.2.1 Physical exam

The physical examination used in the diagnosis of malnutri-
tion,!%4! but which also may be applicable to diagnose muscle
loss indicative of sarcopenia, focuses on the identification of
muscle wasting.[°!-%2] With malnutrition, loss of muscle mass
typically occurs first in the upper and then in the lower body.
However, both areas should be examined. In the lower body,
the calf, knee and thigh areas should be examined for di-
minished quadriceps femoris and gastrocnemius mass.[6% 63!
In the hands, observe for flattened or depressed areas and
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palpate for signs of dorsal interosseous muscle wasting. In
the shoulders, which are normally rounded at the junctions of
the shoulder and neck and the shoulder and arm, protrusion
or prominence of the acromion process, indicating loss of
the deltoid muscle, should be documented. Observation of
the trunk should focus on the ribs, noting any protrusion or
prominence. Additionally, observe and document significant
protrusion of the scapula, which suggests loss of the trapez-
ius and latissimus dorsi muscles.[®?! Around the temples, a
hollowing or scooping appearance of the temporalis muscle
with a prominent brow bone also may suggest malnutrition.

3.2.2 MUAC

In addition to the physical examination, the mid-upper arm
circumference (MUAC) measurement has been shown to cor-
relate positively and significantly with BMI in hospitalized
patients.!%! For those patients for whom height and weight
cannot be measured, a MUAC cut-point of < 22.5 cm has
been shown to correlate with a BMI < 18.5 kg/m?.1%! MUAC
has also been used alone or in combination with calf mea-
surements to assess for loss of muscle and malnutrition.63-67]
A cloth measuring tape is used to determine MUAC (in cm)
with the tape placed around the bicep muscle at the midpoint
between the acromion and olecranon processes.

3.2.3 Handgrip strength

Diminished muscle strength, also indicative of sarcopenia,
can be easily and fairly quickly measured in clinical set-
tings by assessing handgrip strength and by a chair stand test.
Handgrip strength, measured using a hand dynamometer,
indicates upper limb muscle strength; it is highly correlated
with quadriceps strength and lower extremity strength. 8]
Cut-off values suggestive of poor muscle strength, published
as part of the Foundation for the National Institutes of Health
Sarcopenia Project, are < 26 kg for men and < 16 kg for
women. %!

3.2.4 Chair stand test

The chair stand test provides a strong measure of lower
extremity function including lower body strength, power,
coordination, and balance and is suggested as an effective
screening tool for sarcopenia.l’®~’?! The technique requires a
count of the number of chair-stands completed in 30 seconds
or may be done by recording the time that it takes for a per-
son to complete five chair-stands (without hand assistance
from a straight back chair, without an armrest and with a
seat height of 17 inches). A count that is less than age- and
gender-specific norms in 30 seconds (for example, < 12 for
women and < 14 for men aged 60 to 64 years) is sugges-
tive of poor muscle strength, or a time to complete the five
chair-stands that exceeds 13.6 seconds is suggestive of poor
muscle strength and risk for sarcopenia.l’!=73!
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3.2.5 Gait speed and timed up and go test

Diminished muscle performance can also be evaluated in
clinical settings through an assessment of gait speed or from
a timed up and go (TUG) test. Usual gait speed is timed
from a 4-meter walk test which can be set up in a hallway
or examination room; cut-off values of < 1 meter/second
(m/s) (as well as < 0.8 m/s) are suggestive of diminished

muscle function.!>”# The timed up and go test measures
the time (in seconds) that it takes to stand up from a seated
position in a chair, walk 3 meters away from the chair at a
comfortable pace to a line on the floor, turn around, walk
back, and sit back down in the chair. Times are compared
with age-specific norms with healthy older adults generally
completing the test in less than 10 seconds.[”> 7!

Table 1. Some approaches to assess and diagnose malnutrition in older adults

Tool

Parameters

Scoring

Mini-Nutritional
Assessment-short form
(MNA-SF)-screening

Malnutrition Universal
Screening Tool
(MUST)-screening

Mini-Nutritional
Assessment-original 18

6-food intake, weight loss, mobility, the presence of
clinical conditions (psychological stress and/or acute
disease, neuropsychological conditions), and BMI (or, if
BMI is not available, calf circumference).

3-BMI (with < 20 kg/m? indicating risk), weight history
(i.e. unintentional weight loss over the past 3-6 months),
and illness affecting oral food intake.

6 parameters listed in MNA-SF plus 12 additional
parameters including anthropometric assessment (midarm
and calf circumferences), general assessment (number of
prescription medications, living independently, presence
of pressure ulcers), dietary assessment (number of meals

Maximum score 14

12-14 not at risk for malnutrition
8-11 at risk for malnutrition and in
need of assessment

0 to 7 malnourished

Maximum score 3

0 not at risk for malnutrition

1 medium risk malnutrition

2 or more high risk malnutrition

Maximum score 30
17-23.5 risk for malnutrition

item (MNA)-assessment

< 17 malnourished

eaten daily, protein sources, fruit, vegetable, and fluid

intake, ability to feed themselves), and self-assessment

(nutritional and health status).

Medical history - changes in recent food/fluid intake,
weight change, gastrointestinal tract symptoms, and
functional capacity. Physical examination-assesses for
muscle and fat mass wasting and edema.

Subjective global
assessment (SGA)

Based on the degree of loss or change
in each area, an overall rating is
determined as either

Normal well-nourished
Mild/moderate malnutrition

Severe malnutrition

3.2.6 SPPB

The Short Physical Performance Battery (SPPB) is a valid
and reliable indicator in older adults of both lower extrem-
ity muscle strength and performance. It is relatively quick
and easily administered, and includes timed measures of
standing balance (in three positions), gait speed (a 4-meter
walk), and five chair rises to standing.l’6-78! SPPB consists
of a summation of these 3 separate equally weighted tests
with scores ranging from 0 (not possible) to 4 (best) for a
maximum total score of 12. Scores for each standing bal-
ance test range from 0 to 2, with a score of 0 indicating an
inability to balance and a score of 2 indicating the ability to
maintain balance in the designated position for a designated
time period. Scores for gait speed and completion of the five
chair rises each range from 0 to 4, with the exact scores for
each component dependent on the time taken to complete the
task. Individuals with low (0 to 6) total scores, versus those
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with intermediate (7-9) or high (10-12) total scores, are at
greater risk of diminished lower body muscle performance
including, for example, mobility problems and falls, among
other problems.

3.2.7 DXA & BIA

While the measurement of muscle mass is typically not
feasible in clinical practice settings, patients who demon-
strate reductions in muscle strength or function would ben-
efit from additional measurement of muscle mass. Two of
the most commonly used methods to quantify muscle mass
include dual x-ray absorptiometry (DXA) and bioelectri-
cal impedance analysis (BIA). DXA measurements involve
body scanning at two different alternating energy levels using
low-dose x-rays. DXA is expensive and relatively large to
house in a clinical setting. Reimbursement for DXA from
insurance is also variable. DXA, however, is commonly
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used to measure bone density for the diagnosis of osteope-
nia/osteoporosis in older adults. Thus, when feasible, cou-
pling the measurement of bone with muscle mass provides
for a more thorough assessment of body composition. In
contrast to DXA, BIA is fairly portable and less costly; how-
ever, the use of BIA for body composition assessment is
also not typically reimbursable by insurance and BIA is not
appropriate for use in all patients. BIA determines the oppo-
sition to the flow of an electric current through body tissues;
this resistance is then used to determine body composition.
Prediction equations and adjustments of muscle mass based
on body size are employed and compared with “standards”.

4. PREVENTION & MANAGEMENT

Two lifestyle changes—diet and exercise—can help prevent
extensive loss and build and/or maintain muscle with aging.
Further, because losses in muscle mass, strength, and func-
tion often begin to accelerate at about 50 years of age, from
a prevention perspective, these lifestyle changes should be
discussed with all aging adults.

4.1 Diet

The main dietary modification to prevent and manage sar-
copenia requires the ingestion of adequate dietary protein
each day. Greater muscle protein synthesis and muscle
mass and strength have been linked with the ingestion of
both a more even distribution of protein among daily meals
and a sufficient total amount of protein each day.[”*%°! Di-
etary protein intake among most Americans is typically
higher at the evening meal versus at breakfast and lunch,
and many older adults fail to consume adequate dietary pro-
tein.[82:90-931 Nurse practitioners can educate and emphasize
to their patients about the importance of eating protein-rich
food sources at each meal. Healthy animal protein choices
that should be emphasized to patients include eggs, low-
fat dairy products (i.e. milk, yogurt and cheeses), fish and
seafood, and lean white meats. Good plant protein food
sources include lentils, legumes, tofu, seeds, and some nuts.
(Note, while grains and vegetables also provide protein, the
amount provided is relatively small, less than about 3 grams
per serving). To maximize protein synthesis, consumption of
at least 25 g of protein per meal is recommended, although
more or less protein may be needed depending on a person’s
body weight and medical conditions.®*®! Additionally, be-
cause foods from other food groups also provide essential
vitamins and minerals needed for muscle and overall health,
consumption of vegetables, fruits, and whole grains should
also be promoted. When possible, Nurse Practitioners should
work with the dietitian to optimize the diet plan for patients,
especially those with other co-morbidities.
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4.2 Exercise

Complementary to the potential modifications of patients’
eating patterns (e.g. diet), assisting them to alter their physi-
cal activity (i.e. exercise) behaviors could also be beneficial
in an individual’s health, functional independence, and qual-
ity of life. Specifically, guiding individuals with sarcopenia
to endorse a program focused on increasing their muscular
fitness, especially muscular hypertrophy would be desirable.
Current government guidelines for “older adults” suggest
that they participate in two types of activity: “aerobic and
muscle-strengthening”.l°®! Additionally, these same types
of guidelines suggest that older adults at risk of falls should
include “balance training”.!°"! The overall activity goals to
improve muscular fitness suggest that “older adults perform
muscle-strengthening activities that are moderate or high
intensity and involve all major muscle groups on 2 or more
days a week”.°6%71 Examples of the type of activities that
the guidelines validate for muscle-strengthening are:

e Exercises using exercise bands, weight machines,
hand-held weights.

Calisthenics using body weight to provide resistance
to movement.

Digging, lifting, and carrying as part of gardening.
Carrying groceries.
Some types of yoga exercises.

Some types of Tai chi exercises.

Westcott points out that “resistance training can be effec-
tive for reversing muscle loss and metabolic decline that
frequently accompanies inactive aging”.”®! With this alone
as the rationale, it might be wise to emphasize to individuals
diagnosed with sarcopenia to begin a progressive resistance
training (PRT) program, specifically to combat the deleteri-
ous effects of sarcopenia. The primary goals for this type
of exercise program would include increasing muscular fit-
ness, in particular hypertrophy, muscular strength, and power.
However, it may be quite an endeavor to include this lifestyle
change since it has been estimated that only about 10% of all
older adults participate in any type of PRT program.'®” But,
with this type of an exercise program consistently demon-
strating an improvement in skeletal muscle mass, strength,
and power, it might be worth the challenge.

5. CONCLUSIONS

Sarcopenia is a disease that can develop in the aging popu-
lation, is characterized by the loss of skeletal muscle mass,
strength and/or function, and is associated with multiple
adverse health outcomes. Because the aging population is
living longer, we can expect to see the prevalence of sar-
copenia increase in parallel. It is important for the nurse
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practitioner to stay abreast of the current diagnosis code(s)
and interventions that are available to treat sarcopenia.

Both from a proactive screening approach, as well as a ter-
tiary prevention paradigm, an interprofessional team would
be advantageous to assist patients with and at risk of sarcope-
nia to regain rebuild, and rehabilitate their muscle mass and
strength. This approach could also serve to prevent longer-
term outcomes of clinical importance such as functional

impairment, likelihood of frailty, and even mortality. The
challenge is in the discovery and taking a proactive approach
to prolong the onset of the aging process as it is related to
muscle strength and function. Higher muscle mass is associ-
ated with better outcomes and longevity in healthy adults as
well as in patients with chronic disease states.
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