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Frailty and Molecular
Inflammation in Older Adults

The evaluation and treatment of frail, older patients constitute a cornerstone of the care for
older Americans, particularly in LTC settings. Recent work has led to the development and
validation of an operational definition of frailty as a syndrome and a screening tool to identify
those who are frail. Further progress has been made in better understanding the pathogenesis
of this syndrome, particularly inflammation and its potential contributing role in the
pathogenesis of frailty. Advancing the knowledge of frailty and its physiologic basis is
critically important, because it not only improves the ability to identify this most vulnerable
subset of older patients, but also provides a basis for potential development of interventional
strategies that may prevent or delay its clinical consequences. This article provides an
overview on the syndrome of frailty, including the role of molecular inflammation as an
important pathophysiologic contributing factor.

Until recently, the term “frailty”
had been used more frequently
than it has been defined. Geria-
tricians have long been aware of
a syndrome made up of multiple
coexisting conditions, weakness,
immobility, and poor tolerance
to physiologic or psychological
stress. Owing to a lack of diag-
nostic criteria, geriatricians say, “I
know it when I see it, but what [
see may not be the same as what
everyone else sees.” Given the
ever-growing elderly population,
particularly the rapid expansion
of the segment aged 85 years and
older (the “oldest 0ld”), searching

for a standardized definition of
frailty and understanding its
physiologic basis has become
paramount.

Recent work by Fried and col-
leagues'™ suggests frailty is a
syndrome in old age and a state of
decreased physiologic reserve and
high vulnerability for subsequent
morbidity and mortality. Frailty
has also been described as a syn-
drome with a loss of complexity in
resting dynamics involving mul-
tiple organ systems, manifested
by maladaptive responses to stres-
sors, leading to a vicious cycle to-
wards functional decline and other
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adverse clinical outcomes.>® The
phenotypic characteristic of frail
older adults is now recognized to
be a syndrome consisting of three
or more of the following: weak-
ness, low physical activity, slowed
motor performance, exhaustion,
and weight loss.!4 The presence of
three or more of these character-
istics is independently predictive
of a host of adverse clinical out-
comes, including acute illness,
falls, hospitalization, dependency,
and early mortality, adjusting for
comorbidities.! The estimated
prevalence of this syndrome is
7% to 10% among community-
dwelling individuals aged 65
years and older and up to one-
third of those aged 80 years and
older."® The phenotypic charac-
teristic described above was
adopted at a recent American
Geriatrics Society (New York City)
and the National Institute on
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Aging Research Conference on
Frailty in Older Adults and is now
widely used as the preliminary
criteria for frailty.3*

Based on the above validated
and now widely used frailty cri-
teria, the manifestations of frailty,
as a clinical syndrome, encompass
a constellation of symptoms in-
cluding weakness, fatigue, inac-
tivity, unintentional weight loss,
and decreased food intake. Signs
of frailty that are often cited in-
clude sarcopenia (loss of muscle
mass), balance and gait abnor-
malities, deconditioning, and de-
creased bone mass (Figure). Weak-
ness (as measured by muscle
strength or power) and slowed
motor performance (measured by
walking speed) appear to be the
central components of the frailty
syndrome. Consistent with the
definition of a syndrome, the sym-
ptoms and signs of frailty may
vary across this constellation of
possible manifestations with mul-
tiple components present, but
they are not always the same
ones from patient to patient.

Frailty is recognized as a dis-
tinct clinical entity distinguished
from comorbidity and disability,
two other prevalent conditions
in older adults, especially in LTC
settings.!® These three conditions,
at various degrees, are all predictive
of adverse clinical outcomes, and as
aresult, have significant overlap.

However, the main features of
frailty (including decreased func-
tional reserve, impairment in mul-
tiple physiological systems, and
reduced ability to regain physio-
logical homeostasis after a stress-
ful and destabilizing event) make
the distinction of frailty from dis-
ability or comorbidity relatively
easy. Disability suggests individ-
uals have chronic limitations or
dependency in mobility and/or
activities of daily living (eating,
bathing, dressing, toileting, and
ambulating) or instrumental ac-
tivities of daily living (shopping,
housekeeping, cooking, driving,
taking medications, and the han-
dling of finances).

Although many (but not all)
frail individuals are disabled, not
all disabled persons are frail. For
example, older patients who suf-
fer severe disability secondary to
a major cerebral vascular accident
or stroke may maintain relatively
intact function in other physio-
logical systems and thus, are not
frail. As time passes, these indi-
viduals may develop frailty if
they do not recover from their dis-
ability. Therefore, disability is
likely an outcome of frailty or a
contributor to frailty.

Comorbidity indicates the pres-
ence of multiple chronic diseases.
Not surprisingly, comorbidity is as-
sociated with increased risk of ad-
verse outcomes, as evidenced by

Acute lilnesses

_ Hospitalizations
Disahily
Dependency .

higher short-and
long-term mor-

tality, and signif-

S icantly increases

Advgr?e Elimical physical disabil-

‘ & comee ity when com-
CEalle ‘ pared with those
CInjurles. who do not have

diseases. How-
ever, the mere
presence of two
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in itself, even if
in relatively se-
vere forms, may
not identify the

Figure. Clinical manifestations and consequences of the

geriatric syndrome of frailty.

vulnerable group
of patients or
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those who are frail. If these co-
morbid conditions are inade-
quately treated and /or more dis-
eases accumulate, these patients
may develop frailty.

The etiology for the syndrome
of frailty is currently unknown.
Disability, comorbidity, and mal-
nutrition are potential risk factors.
Old age is clearly another risk fac-
tor, as the prevalence of frailty in-
creases with age. Emerging evi-
dence suggests that age-related
molecular inflammation may sig-
nificantly contribute to frailty in
older adults.

MOLECULAR
INFLAMMATION

AND AGING

Inflammation has been defined as
a local and acute process charac-
terized by cardinal signs of heat,
pain, swelling, redness, and loss
of function. Contrary to this clas-
sic definition of local inflam-
matory response, molecular in-
flammation refers to a chronic
inflammatory process, albeit op-
erating at much lower than acute
levels, as demonstrated by the en-
hanced expression of several me-
diators such as interleukin 1
(IL-1), interleukin 6 (IL-6), and
tumor necrosis factor alpha (TNF-
a).” The molecular inflammatory
process, with or without apparent
underlying etiology, usually pre-
sents itself in a graded and con-
tinuous, although not always
linear, manner. Although the re-
lationship between molecular in-
flammation and aging is yet to be
fully understood, numerous stud-
ies have demonstrated an age-re-
lated increase in circulating levels
and production of IL-6, TNF-q,
and other molecules mediating
molecular inflammation. In ad-
dition, C-reactive protein (CRP),
generally considered as a biomark-
er and gross measurement of
molecular inflammation, increases
during aging. More importantly,
molecular inflammatory process-
es have been implicated as pre-
dictors or initiators of, or even
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contributors to, chronic diseases
and conditions of aging.” For ex-
ample, molecular inflammation
has been linked with cardiovas-
cular diseases, osteoarthritis, os-
teoporosis, Alzheimer’s disease,
sarcopenia, cancer, insulin resis-
tance and diabetes, and rheuma-
toid arthritis —diseases or condi-
tions primarily associated with

aging.

MOLECULAR
INFLAMMATION
AND FRAILTY

A major characteristic of the syn-
drome of frailty is the anatomical
and/or functional impairment of
multiple physiological systems.
Increasing evidence has demon-
strated significant associations
of frailty with abnormalities or
dysregulations in multiple phys-
iologic systems, including car-
diovascular, hematopoietic, nu-
tritional, endocrine, immune, and
inflammation systems.>* For ex-
ample, Newman and colleagues®
showed significant association of
subclinical cardiovascular disease
with frailty. In addition, Chaves
and colleagues’ suggested a sig-
nificant effect of anemia and car-
diovascular disease on frailty in
community-dwelling older wo-
men. Data from two separate large
cohort studies have shown that
low nutrient intake and decreased
micronutrient concentrations are
associated with frailty.!%!! In ad-
dition, other studies have shown
that decreased levels of insulin-
like growth factor-1 (IGF-1) and
dehydroepiandrosterone sulfate
(DHEA-S), two major endocrine
parameters, are associated with
frailty and its central components
(muscle strength and walking
speed).!?13

Significant evidence supports
an important role of molecular in-
flammation in the syndrome of
frailty. Elevated IL-6 levels have
been observed in frail older adults
compared with those in nonfrail
older persons.!* Data from the
Cardiovascular Health Study

have shown significant associa-
tion of frailty with CRP.'®> A sub-
sequent age-, race-, and sex matched
pair study has shown that frail
older adults have significantly
higher IL-6 production by the pe-
ripheral blood mono-nuclear cells
and the isolated immune cells, up-
on stimulation with lipopolysac-
charide, compared with nonfrail
controls.’® In addition, more re-
cent data have suggested that

Since
elderly patients
with frailty are

the most
vulnerable
subset of
older adults,

meticulous and
interdisciplinary
geriatric care
is critical in
this patient
population.

frailty is associated with elevated
counts of white blood cells
(WBCs), the cellular marker of this
molecular inflammation, and that
both WBC and IL-6 have inde-
pendent contributions to frailty.!”
Furthermore, molecular inflam-
mation may contribute to the syn-
drome of frailty through other
intermediary systems, such as
hematopoietic and endocrine sys-
tems. This is supported, at least in
part, by the observations of in-
verse associations between IL-6
and hemoglobin levels and be-
tween IL-6 and IGF-1 levels only
in the frail group, but not in the
nonfrail group, and synergy be-
tween high IL-6 and low IGF-1 in
their associations with decreased
muscle strength and walking
speed.'?>71* Therefore, the results
of these studies strongly support
the notion that molecular inflam-
mation significantly contributes,

directly and through other inter-
mediary systems, to the syndrome
of frailty.

THE TREATMENT
OF FRAILTY

From a therapeutic point of view,
frailty syndrome can be classifi-
ed into primary and secondary
frailty. Frailty secondary to con-
gestive heart failure, thyroid dis-
eases, cancer, tuberculosis and
other infections, and those dis-
eases that are responsive to ther-
apy should be treated according-
ly. If diseases or conditions are
ruled out as the cause of frailty
and frailty appears to be primary,
clinicians should institute sup-
portive interventions early. These
include targeting the environ-
mental provocations that can trig-
ger or accelerate the manifesta-
tions of frailty, especially low
activity, inadequate nutrition, and
catabolic medications. Attention
to maintaining strength and nu-
tritional intake may include the
prescription of regular exercise
and nutritional supplementation,
if indicated.

Although no evidence is cur-
rently available to support the use
of anti-inflammatory therapy for
frailty, cytokine-based therapeutic
modalities targeted to molecular
inflammation are being explored
in several other inflammatory
conditions. In addition, data sug-
gest that regular exercise may
have an anti-inflammatory effect
in older adults.

Since elderly patients with
frailty are the most vulnerable
subset of older adults, meticulous
and interdisciplinary geriatric
care to proactively manage and
prevent comorbid conditions, dis-
ability, and risk factors is critical
in this patient population. A com-
prehensive geriatric care plan that
is tailored to the needs of these
vulnerable patients, and that
keeps their personal values and
goals in mind, will help them
maintain function, dignity, and
quality of life.
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CONCLUSION

Frailty is a common geriatric syn-
drome characterized by decreased
physiologic reserve and increased
vulnerability for subsequent ad-
verse health outcomes. Recent de-
velopment of the operationalized
definition and diagnostic criteria
has improved our ability for the
evaluation of frailty in the elder-
ly. It has also advanced the knowl-
edge about the physiologic basis
of this syndrome. Molecular in-
flammation, marked by elevated
levels of inflammatory markers,
appears to be an important con-
tributing factor to frailty. Al-
though no specific treatment is
currently available for frailty, ear-
ly recognition, treating underly-
ing disease, and early institution
of the supportive interventions
with a comprehensive geriatrics
care plan are critical to prevent
frailty-associated adverse health
outcomes, particularly in the LTC
setting.
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