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Introduction

Many aspects of medicine and rehabilitation have recently
adopted the forward-thinking terms “precision medicine” or
“precision rehabilitation”. This contemporary term evokes the
notion that care is delivered at the right dose, at the right time,
to the right person. It is in this vein that CAMMO - Contract
Accelerate Micro Move Often — both describes and offers prac-
tical, evidence-based, multifocal, yet previously invisible oppor-
tunities for physical activity to reverse or prevent frailty. This
approach is meant to be approachable, and intuitive, providing
Persons with Frailty (PwF) with a tool that is easy to remem-
ber and can be applied frequently. While it is likely evident that
the title of this article was chosen to feel playful and obvious,
“CAMMO” and “invisible”. The term exercise was employed to
be evident for a layperson population (many people understand
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the term) and...because it rhymes with the inherent theme of
invisibility (CAMMO), “exercise in disguise”, with the goal of in-
creasing patient engagement. It should be noted that physical
activity would be the best medical term going forward and more
accurately describes the full range of movement opportunities.

Contemporary interventions to prevent or reverse frailty
have demonstrated mixed success. Treacy and colleagues (2022)
performed a systematic review that included 12 RCTs, with 1317
participants, carried out in 9 countries. The median number of
participants across the trials was 97, amassing over 1300 sub-
jects with a mean age of the included participants being 82
years old. The authors’ work revealed some significant findings
as they wrote, “High-certainty evidence shows that compared
to control, mobility training improves the level of mobility, and
moderate-certainty evidence shows it may improve the level of
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functioning in frail community-dwelling older people. There is
moderate-certainty evidence that the improvement in mobil-
ity continues for six months post-intervention. Mobility training
may make little to no difference to the number of people who
fall or are admitted to nursing care facilities, or to the death
rate [1].”

The incidence and costs of frailty

According to the National Council on Aging (NCOA), there
were 57.8 million adults age 65+ living in the U.S. in 2022. This
included 31.9 million women and 25.9 million men [2]. When
these figures are coupled with the incidence of frailty estimates
by Treacy (21% incidence for persons over 65 in the United
States) and Veronese (25-33%), this yields a conservative es-
timate of 13 million frail adults in the US in 2025. This figure
could reasonably be estimated on the high end to be 16 million

[3].

Ensrud and colleagues (2023) studied the claims data for
persons with frailty in the United States. This group wrote,
“During the 36 months following the index examination, mean
(SD) annualized costs were $13906 (24499) for women and
$14598 (28556) for men.” The authors note that costs were in-
crementally higher in each person when more phenotypes of
frailty were present, and when functional impairments were
considered. This range included, “Average incremental costs
ranged from $2093 to $9627 among men with vs. men without
functional impairments.”. In conclusion, the authors noted that
PwF with up to four phenotypes of frailty could expect to con-
sume from $8124 (women) to $11831 (men) in those without
impairments and up to $18792 among frail women and $24713
among frail men with four phenotypes including functional im-
pairments.

Using the conservative estimate of 13 million and the data
on costs from Ensrud and colleagues (2023), we see that in
2023, PwF could be expected to consume a low-estimate of $30
billion USD in healthcare expenses per year (at 2500 per PwF/
year) or as much as 145 billion (12000 per PwF/year).

Extrapolating statistics to include the rate at which the US
population is aging, Aubertin-Leheudre and colleagues estimat-
ed that there would be 89 million people over 65 years old i
n the United States by 2050 [4]. Applying the aforementioned
ranges for the incidence of frailty and costs in today’s dollars,
it would be reasonable to estimate that in just 25 years frailty
would be expected to burden the US economy in the range of
55 billion to 267 billion per year.

Defining frailty

In general, a nearly-consensus definition of frailty includes
a syndrome of reduced physiological reserve and impaired re-
sponse to stressors [5]. More specifically, frailty is defined by
the presence of clinical indicators and is classified by physical
phenotypes detailed below, using one of several approaches
that are all largely in agreement. While some authors addition-
ally identify frailty across pillars of physical function, cognitive
function, social connectedness/support and oral health, this
article will remain focused on physical frailty. Noteworthy and
related, each of these classifications of frailty are predictive for
having another form, the strongest being social frailty’s predict-
ability for having both cognitive and physical frailty.

Most of the frailty research is conducted on physical frailty,
which serves as an independent predictor of poor recovery

from disability among nondisabled older adults. In some cases,
frailty comes on rapidly or “strikes” after illness or injury. In most
cases, frailty is acquired through chronic illness in combination
with inactivity [6-10]. McDermid et al., 2011 noted that criti-
cally ill patients of all ages may share characteristics with frail
elderly patients. A common physiology can be found in inflam-
maging. As the authors write, “deficits associated with frailty,
which typically take years to accumulate in the outpatient ge-
riatric population, rapidly develop in a large proportion of criti-
cally ill patients independent of age and illness severity”, they
continue in the same paper to add, “One hypothesis whereby
ageing is associated with and may predispose to development
of frailty relates to the concept of inflammaging: the dynamic
interplay between the protective proinflammatory response to
invading microorganisms and the similarly protective compen-
satory anti-inflammatory system, which defends against uncon-
trolled inflammation [11]”".

In their 2006 study, Gill and colleagues defined prefrailty as
having 1 or 2 of the following criteria, and frailty as having 3 of
or more of the following criteria: weight loss, exhaustion, low
physical activity, muscle weakness, or slow walking speed. In
their longitudinal study of 754 individuals aged 70 years and
older, the group observed movement in and out of frailty over
36 months [12]. It is worth noting that Gil and colleagues found
movement toward greater levels of frailty (e.g. prefrail to frail)
to be nearly two times more common than four persons to ex-
perience a resolution of frailty (e.g. prefrail to not frail/no frailty
indicators).

Wu and colleagues (2018) studied frailty across 1054 sub-
jects. They defined frailty in a similar manner, writing, “Frailty
was assessed by slowness, weakness, exhaustion, inactivity, and
shrinking. Persons were classified as “nonfrail” (O criteria), “pre-
frail” (1-2 criteria), or “frail” (3—5 criteria) [13].”

In one of the most frequently cited and seminal studies on
frailty, Fried et al., 2001 defined frailty as, “...a biological syn-
drome with specific phenotypic presentations and defines frail-
ty as having three or more of five physical components: unin-
tentional weight loss, self-reported exhaustion, weakness, slow
walking speed and low physical activity”

There is increasing agreement around the specific param-
eters in each phenotype. Unintentional weight loss is largely
agreed to be 10 pounds or more, weakness is most often identi-
fied by grip strength, and slow walking speed is often cited as
walking slower than 1 meter/second.

When frailty as defined by Fried is present (3 or more of the
above stated criteria are met), it can predict death rates, nurs-
ing home admission, disability, unintentional solitude/loneli-
ness, falls, fractures, hospitalization, hospital length of stay,
lower quality of life, cognitive decline, dementia, and depres-
sion [14-19].

Outside of phenotyping through Fried’s model, frailty can
be defined by the Comprehensive Geriatric Assessment (CGA),
which is largely considered to be the gold standard; the Edmon-
ton Frail Scale (Wyrko, 2015), Frailty Index (Mitnitski 2001),
the Frail Scale (Woo 2012) and the Clinical Frailty Scale (CFS)
(Rockwood, 2005) [20,21]. Additionally, single tests can identify
frailty phenotypes including grip strength, slow walking speed
(>5 seconds to walk 4 meters); the Timed up-and-go test (>10
seconds by some and as high as 14 seconds by other citations);
or a score of 3 or above on the PRISMA 7 questionnaire [22].
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Contemporary approaches to prevent and reverse frailty

Treacy and colleagues Performed a systematic review includ-
ing over 1300 subjects averaging 82 years old, across 12 sepa-
rate studies. Their findings, published in 2022, represented a
comprehensive representation of mobility interventions for
frailty at the time of publication. While mobility training was
found to be effective in improving function and improving mo-
bility-based impairment scores. However, the interventions did
not have a significant effect on nursing home admission rates,
fall frequency, or death rates. While there are many phenotypes
of frailty, a common experience is physical frailty. Why then
would improving mobility (function or impairment) not have an
impact on the downstream effects of frailty (death, falls, nurs-
ing home admission)?.

Across their above-referenced systematic review, Treacy
and colleagues noted several common interventions used to
increase mobility. These interventions included: whole task-
specific mobility training (sit to stand, walking); part-task of the
same; as well as balance-challenging exercises.

In their 2023 article entitled, “Exercise to Prevent and Man-
age Frailty and Fragility Fractures”, Dent and colleagues provid-
ed an overview of the evidence and clinical practice guidelines
available regarding the benefits of exercise for the prevention
and recovery from frailty. In their conclusory remarks, the au-
thors voice a call to action that is seemingly answered point-
point by the CAMMO approach. Dent writes,”... (CPGs and evi-
dence in frailty) These findings can be used by policy makers,
healthcare professionals, and consumers to inform decision
making regarding exercise for older adults with or at increased
risk of frailty... We need to do more of what works and explore
how to best implement evidence-based program into real world
settings. There is sufficient evidence, supported by clinical prac-
tice guidelines, that we need to focus attention on implement-
ing exercise interventions given their proven effectiveness for
multiple musculoskeletal health outcomes. For optimal bene-
fits, exercise programs need to be personalised based on each
person’s medical history, health status, preferences, and pri-
orities. Future research should focus on how to cost-effectively
implement exercise interventions into daily life, including how
to increase uptake and adherence to such programs.”

As you will read, the CAMMO approach, intends to be per-
sonalized, effective, evidence-based, considerate of present fit-
ness and health status, and implementable within a person’s
daily life. We will read about each of these, as related to CAM-
MO, in the sections that follow.

CAMMO: Contract

A person that has frailty (Person with Frailty or PwF) or one
that is at risk for frailty could make even a bedridden effort
to contract each of their major muscle groups - without mov-
ing. Many people know this as isometric contractions, a term
and approach that had fallen out of favor for some time but
has now made a resurgence. Isometrics are now utilized more
frequently to build tissue hygiene (appropriate for PwF), to im-
prove neuromuscular re-education/recruitment, and to provide
a reasonable entry point with consideration of persistent pain
[23-30]. Contracting your muscles without moving can be done
by pushing down into a bed pushing down into the floor or even
muscles holding position and working against each other. Many
patients identify with the term “flexing” more readily than they
might with the explanation of contracting without moving. As

a provider, be certain to have some fun with this and give your
patient the opportunity to, “Act like you are a bodybuilder and
just hold position in a ‘pose’”. For the right person and situa-
tion, this could resonate well. Understanding that there is no
one-size fits all intervention for preventing or reversing severe
frailty, “contract” is but one strategy in a multimodal approach.

CAMMO: Accelerate

Persons with frailty that are not bedridden but are frail or
at risk for it need easy opportunities to reverse their condition.
These daily life opportunities to accelerate may seem counter-
intuitive to the experience of frailty, yet this does not need to
be the case. Based in the literature on Vigorous Intermittent
Lifestyle Physical Activity (VILPA), we see that everyday move-
ments played at “2X speed” would be an example of accelerate.
This may include something as small as rolling over in bed, or as
large as an accelerated sit to stand from a high (easy) surface.
If a PwF is only capable of moving from lying down to sitting
up, they may try to do two full repetitions of this very safe and
controlled movement - as fast as they can. The dosage can be
this simple. For those with a piece of stationary exercise equip-
ment at home, accelerate becomes tangible (and measurable)
by picking up the pedaling rate on an elliptical stepper or bike
of any kind.

Creating more force than what is necessary for a movement
can steadily rebuild force capacities. When a PwF moves from
sitting to standing, a provider or caregiver might encourage
them to “try to do it fast one time”. If this person is ambulatory
with assistance, they might “pick up the pace” for even just a
couple of steps. Recall that VILPA is person and condition-spe-
cific. Moving just beyond your daily life speed is a stimulus, even
if it means advancing from .2 m/s to .3 m/s on level ground gait.
The psychologic benefits of accelerate are not insignificant, as
this approach provides PwF with frictionless access to move-
ment that is in the context of life, giving clear translatability
to the task at hand. When a health or wellness benefit can be
gained without costing extra time, we may recognize an addi-
tional psychologic benefit, known as habit stacking — which will
be described in detail below.

While it may be evident that the physiologic benefits of ac-
celerate can be found in neuromuscular recruitment, energy
production, and cardiovascular demands, there may be more
to the story. Accelerate is related in kind to the now well-es-
tablished approach of Vigorous Intermittent Lifestyle Physical
Activity (VILPA), popularized by Stamatakis in many publica-
tions. To be clear, VILPA is yet to be studied formally in persons
with frailty, however the physiologic bases is established and
the mechanisms are increasingly more clear. Stamatakis and
colleagues (in a 2024 article led by Pang) describe the physio-
logic bases for VILPA as follows, “Vigorous Intermittent Lifestyle
Physical Activity (VILPA) are bursts of incidental vigorous activity
that occur during day-to-day activities outside of the exercise-
domain.”, the group continued on, detailing some of the recent
advances in VILPA, adding, “...large population based studies
have shown 4 min of VILPA per day is associated with 25% to
50% lower disease and mortality risk... [31,32]".

Stamatakis and colleagues continued to make their case for
VILPA in their 2024 article, with the lead author Pang. This work
serves as a part of the evidence for accelerate, notably in the
population of PwF, as they write, “Correspondingly, the MET
intensity of any given activity is higher in older and physically
inactive adults who are highly sedentary...physically inactive
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middle-aged and older adults are engaging in VILPA through
their everyday activities and may not be aware of it.”.

CAMMO: Micro move (MM)

“Micro Move” is a fun and approachable addition to the
concept of CAMMO. While seated at a table, the action of just
fidgeting your legs or lifting your heels up by raising up on toes
are the most intuitive examples of micro moves. These activities
can help to stimulate our energy systems and stave off frailty as
compared to no motion at all. Other examples of micro moves
can include sliding your feet back and forth either when lying
in bed or sitting, small snow Angels in bed pumping your feet
(often known as ankle pumps) and many more.

The physiology of micro moves is grounded in established
concepts such as Non Exercise Activity Thermogenesis (NEAT)
[33], in the re-establishment of mitochondrial biogenesis, in an-
giogenesis, and in rebuilding muscle for greater insulin sensitiv-
ity [34].

Perhaps more importantly, the psychology of micro moves
may be even more powerful. Micro moves can feel reachable,
approachable, like “exercise snacks”. Exercise snacks define the
capacity to “reach over and grab a handful of health”. These
bite sized packages of movement have been elevated in popu-
larity across the behavioral economics (nudge) and physical ac-
tivity literature over the past 5 years [35].

Finally, and perhaps most salient for the intensity of acceler-
ate and supporting the brevity of micro move, Stamatakis, Pang
and colleagues write in their 2024 article, “Currently, the length
of incidental high-intensity activity prescribed in trials can vary
from short bursts lasting a few seconds...”

CAMMO: Often

Here’s where the CAMMO concept has a unique opportunity.
Rather than disengaging or “scaring people off” with a scientific
prescription, the “O” in CAMMO, is “often”. This provides space
for an individual to begin where they are and where they can,
without the burden of recommended guidelines or normative
data. Starting any new habit, especially from a condition of frail-
ty, needs to feel easy. Healthcare providers, caregivers, and PwF
can define “often” as they please, and continue to re-define it
as they progress. Allow PwF to control something in their lives
- let them choose how often an initial dosage feels reasonable.
While news headlines remind us how few adults are meeting
worldwide physical activity guidelines (World Health Organiza-
tion, Centers for Disease Control, American College of Sports
Medicine), it can give one the impression that these minimum
standards are out of reach — “and always will be...so why bother
trying?”. The intent of “often” is positioned with this “seemingly
out of reach” mentality in mind, by empowering frail individu-
als, with choice.

This concept of choice (PwF encouraged to procure bite-sized
exercise snacks frequently, yet ultimately leaving the decision of
frequency up to the user) represents the evidence of autonomy,
self-efficacy, and the placebo effect. All three will be addressed
in greater detail below. As many readers will attest, the traits of
autonomy, self-efficacy and belief (the added power of a place-
bo-effect directed at an intervention with scientific merit), are
three traits that we would love to have (or foster) in any person
that we have the opportunity to serve, for any condition.

Measuring frailty

While there are many means by which to measure frailty, it
is seemingly less important to capture frailty with technology,
than it is to ensure that it is objectified — somehow. As first de-
scribed by Fried and colleagues, frailty has many phenotypes.
As such, frailty can be measured using many instruments — be
those with technology or examination tools. Measurement
may be important for research, for program marketing, for re-
imbursement, for visit advocacy, or even for state regulations.
However, it could be argued that the most important reason to
objectify a baseline and continue to track progression, would be
for the benefits to the PwF.

Providers may employ technology including body-worn ac-
celerometers to capture patient activity (steps, turns, distance
traveled, “trips” or frequency of locomotion, or even total up-
right time) [36,37].

Alternatively, Patient Reported Outcome Measures (PROMs)
can be used to identify baseline and progress in activity.

Finally, examination tools can be employed to demonstrate
the reversal of frailty. These can include a battery of measures,
the most common being the Short Performance Physical Battery
(SPPB). Alternatively, frailty can be defined in singular measures
of capacity (e.g. 10 meter walk, 5 times sit to stand), measures
of fatigability (e.g. 30 second sit to stand, 2 minute walk test) or
measures of performance (community access, steps per day).

Why CAMMO - the scientific difference

Frailty is a syndrome and not a singular disease. As such, it
may receive less attention in research, organization, press and
endowments/organizations to address education and preven-
tion. As noted above, the prevalence of frailty rivals and exceeds
that of Alzheimer’s Disease and Parkinson’s Disease combined,
noting some overlap in that some persons with each of these
degenerative diseases, are at higher risk to become frail.

While most of the research to date has attempted to resolve
physical frailty, Dent and colleagues reported as recently as
2023 that much more needed to be done to establish a clinical
pathway for prevention or resolution. Anecdotally, readers may
have experiences within health care that assume frailty can be
mitigated but never reversed.

It is for this reason that CAMMO needed to be something
different. An approach that felt convenient for individuals with
such low energy that leaving the home for an appointment
might leave them without enough reserve to participate. CAM-
MO is differentiated in the following ways:

1. Repurposing daily physical activity

2. Increasing the value (appropriately supported in literature)
of isometric contractions

3. Providing autonomy for frequency in the form of often, with-
out burdening PwF with a lofty standard

As stated in this paper, CAMMO is a different approach to
frailty than what we have seen in past practice or research.
This multimodal approach has a basis in behavioral economics
(nudge, gamification, exercise snack, habit stacking); a basis in
psychology (autonomy, self-efficacy, belief/placebo effect); and
basis in physiology (NEAT, VILPA, isometrics, intensity and the
training principle of consistency).
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The potential benefits of CAMMO deserve to be studied in
a concentrated manner, ideally within a homologous group of
PwF with a uniform physical frailty phenotype. Possibilities in-
clude a promotion of mitochondrial biogenesis, leveraging the
reward system (largely dopamine-based), the possible mobili-
zation of lactate and downstream Brain Derived Neurotrophic
Factor (BDNF) as well as Growth Hormone (GH). It is not unrea-
sonable to expect mental health improvements to stem second-
arily from these physiologic processes and the sheer benefit of
seeing progress.

Conclusion

Statistics are informing us that the incidence of frailty is out-
pacing societal aging. Our current efforts to prevent and reverse
Frailty have not demonstrated effectiveness. Individuals with
frailty can experience concomitant mental health impairments,
have low self-efficacy, and/or report low energy reserves. One
of these three could be in to keep an individual from consistent-
ly participating in an efficacious program to combat frailty. We
may not need new evidence or new interventions, but rather
a new approach. Providing an approach that includes several
different forms of physical activity that can all be inserted with
daily movements and are geographically slash temporally avail-
able (exercise snacks), CAMMO may be that novel approach.
Research using this approach will be revealing and should be
forthcoming.
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