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ARC’s mission is to improve and extend the lives of those with amyloidosis
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Before We Begin

This webinar is recorded.
We will post the webinar

on our website so you can
view it again later.

Submit your questions
anytime via the Q&A
box. We will try to

answer them at the end.

If you are having trouble
with the audio using your
computer, you can dial in

(check your email for info).
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Objectives



Identify normal 
aging 

characteristics

Differentiate 
normal aging from 

frailty

Describe 2 
mechanisms of 

abnormal aging in 
ATTR

Define autophagy 
& explain why it’s 
important in aging

Name a medication 
that slows down 

aging

Discuss strategies 
that protect 

physiologic reserve 

Commit to shifting 
one change in 

mindset

Discover why daily 
protein intake is so 
important in aging

Learn what “ATM” 
means & pick an 

“exercise snack” to 
practice



Differences in 
Normal Aging vs Frailty



Normal Age- 
Related 

Changes to 
Organ 

Systems

Geriatric Cardiology: Coming of 
Age. JACC Adv. July 31, 2022.

https://pubmed.ncbi.nlm.nih.gov/37705890
https://pubmed.ncbi.nlm.nih.gov/37705890






• How does your body handle stress in ATTR?

• If physical reserve is low minor events can 
cause disproportionate loss of function   
past the threshold of independence

• How do you know if you have a low 
physiological reserve?

• What can you do to increase or maintain 
your physical reserve?

Lancet. 2013 Mar 2;381(9868):752-62.doi: 10.1016/S0140-6736(12)62167-9.

The Reality of Stressor Responses



Premature aging disorders: A clinical and genetic compendium. Clin Genet. December 31, 2020.

12 Interconnected Biological Hallmarks of Aging Framework

JACC Heart Fail. 2019 Dec;7(12):1001-1011.

doi: 10.1016/j.jchf.2019.10.005.

In accelerated aging,  feedback 
loops become self-amplifying- 
the effects of one hallmark 
activates others at progressively 
accelerating rates

Homeostatic repair 
mechanisms are overwhelmed 
leading to the clinical syndrome 
of frailty

https://onlinelibrary.wiley.com/doi/10.1111/cge.13837


• Exhaustion and muscle weakness is real!     
It’s from measurable biological processes     
happening on a microscopic level

• Gero-science has identified a framework of 12 
interconnected “Hallmarks of Aging” 

• In ATTR 2 main cellular processes are working 
in overdrive, directly impacting your heart 
and skeletal muscles

The Hidden Cellular Battle

Premature aging disorders: A clinical and genetic compendium. Clin Genet. December 31, 2020

https://onlinelibrary.wiley.com/doi/10.1111/cge.13837


• What does Proteostasis mean? What is protein 
homeostasis? Think of a high-tech factory inside 
your cells that takes out the trash for proteins

• A proteostasis network is made up of thousands of 
components. The main job is to fold healthy 
proteins and recycle damaged ones

• In ATTR, misfolded amyloid proteins flood the 
system. The misfolded proteins physically jam the 
body’s cellular recycling bins

• The un-recycled proteins build up, stiffening the 
heart wall, leading to eventual muscle wasting

Cellular Overload: The Recycling Center

Premature aging disorders: A clinical and genetic compendium. Clin Genet. December 31, 2020

https://onlinelibrary.wiley.com/doi/10.1111/cge.13837


• What are Mitochondria? The power plants of 
cells. They’re responsible for creating energy 
(ATP) needed for heart and muscle contraction

• In accelerated aging these power plants sustain 
damage from outside and inside sources

• Normally the body clears away broken 
mitochondria. In frailty the clearance process 
fails and leaks inflammatory signals into 
surrounding tissue

• Cells starve from not getting enough energy,  
Plus inflammation causes daily fatigue

Starvation of the Power Plants

Premature aging disorders: A clinical and genetic compendium. Clin Genet. December 31, 2020

https://onlinelibrary.wiley.com/doi/10.1111/cge.13837


Mechanisms of 
Abnormal Aging in ATTR



TTR is a biological transporter w 2 main jobs

1. Move thyroid hormone through the    
blood stream and cerebrospinal fluid

2. Transport Vit A to help circulate retinol 

When TTR becomes unstable it 
misfolds and aggregates, 
abandoning its transport jobs to 
form amyloid fibrils that deposit 
in the heart, muscles, and nerves 

The Original Blueprint of the TTR Protein



Normal vs ATTR
Accelerated Cardiac Aging

A proposal for estimating biological age in humans

Dormann and Lemke

(2024)

Dormann and Lemke 
(2024)  introduced the 

concept of an aging clock 
centered on the aggregation of 

intrinsically disordered 
proteins (IDPs)

Normal aging is a gradual 
process balanced by repair 
mechanisms over calendar 

years

Accelerated aging in ATTR is 
driven by TTR fibril deposition 

changing biological age

Biological age is a calculation 
of calendar age plus the 

specific fibril to heart volume 
ratios

https://doi.org/10.1016/j.jtbi.2026.112574Andrey V. Kuznetsov 8/14/2026 Journal of Theoretical Biology

https://www.sciencedirect.com/science/article/pii/S0022519326001992?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0022519326001992?via%3Dihub
https://doi.org/10.1016/j.jtbi.2026.112574


(Criddle et al., 2024) proposed two 
competing hypotheses:
 
1. TTR monomers misfold and 

aggregate into protofibrils in the 
bloodstream, which then circulate 
and deposit in specific tissues

2.  TTR monomers circulate until they 
bind directly to tissue sites, where 
they form amyloid deposits in situ.

Hypotheses: How TTR Fibrils Appear in Tissue

Using the idea of a volumetric ratio biomarker and applying the math, the 2nd hypothesis 
is more logical, suggesting the process starts by fibrils attaching to extracellular tissue

https://www.sciencedirect.com/science/article/pii/S0022519326001992?via%3Dihub#b0070


1. Amyloid “seeds” 
being to deposit in 
myocardial tissue 

2. Progressive 
myocardial stiffness 
and wall thickening

3. Diastolic and systolic 
dysfunction = 
congestive heart 
failure

Protein Aggregation Accelerates Biological Aging

Once you have 
a small snowball 
(a protein clump)
it picks up more snow 
(other proteins) much 
faster than when you were
trying to start the ball from scratch.

Heart Fail Rev. 2022 Apr 6;27(6):2187–2200. doi: 10.1007/s10741-022-10237-7

https://doi.org/10.1007/s10741-022-10237-7
https://doi.org/10.1007/s10741-022-10237-7
https://doi.org/10.1007/s10741-022-10237-7
https://doi.org/10.1007/s10741-022-10237-7
https://doi.org/10.1007/s10741-022-10237-7
https://doi.org/10.1007/s10741-022-10237-7
https://doi.org/10.1007/s10741-022-10237-7


The Science of 
Cellular Housekeeping



Housekeepers and Recycling  

Cells break down, recycle, 
and reuse damaged or 

unnecessary components

A cellular recycling and 
clean up system that 
removes damaged 

proteins and debris.  

Eliminates 
dysfunctional 

mitochondria which 
can reduce harmful 

oxidative stress

provide energy and raw 
materials during times of 
nutrient storage, support 

the immune defenses.  

What is Autophagy? A Greek word meaning “Self eating” 



Movement itself is a signal to cells that they should repair and renew 
Exercise doesn't just strengthen muscles—it triggers a cascade of 
processes, including autophagy and improved mitochondrial function, 
that help keep cells functioning more like "younger" cells

• Fasting or caloric restriction-
    But it’s not an on/off switch
• Exercise
• Good sleep
• Certain types of cellular stress, 
    Such as low nutrient availability
• Evidence only comes from animal studies

What Increases Autophagy?

"Lifestyle strategies and mechanistic implications for slowing down the molecular hallmarks of aging" published in Nature



• Chronic overeating 
• Constant grazing throughout 

the day 
• Physical inactivity 
• Chronic inflammation 
• Aging itself 

What Reduces Autophagy?
The "Goldilocks" principle

“More is NOT better”.  Too little 
autophagy allows damaged material 

to accumulate, while too much 
autophagy can contribute to cell loss 

under certain conditions. 

Example too much exercise can cause 
oxidative stress that reduces cellular 

housekeeping (think of giving kids too 
many chores and they get 

overwhelmed and can’t keep up, so 
they take too long of a break before 
recovering and ready to help clean 

the house again)

Struggling to Heal? Why Autophagy Stalls | Ubie Doctor's Note.



• Accelerated aging is dynamic, not permanent! 
• Research confirms that frailty is potentially reversible when targeted early

• A downward trajectory can be intercepted by applying specific targeted lifestyle changes
• You can make the body rebuild physiological reserve, repair cellular machinery, and pull up 

above the threshold of independence

The Reversibility Window

Fried et al., 2001 ("Frailty in Older Adults: Evidence for a Phenotype")

https://pubmed.ncbi.nlm.nih.gov/11253156/


The Medical Toolkit



Starting disease 
modifying 

therapies EARLY 
is the BEST way 
to slow down 
aging & ATTR





SGLT2i’s in Cardiac ATTR

SGLT2 Inhibitor Therapy in Patients With Transthyretin Amyloid 
Cardiomyopathy | JACC

https://www.jacc.org/doi/10.1016/j.jacc.2024.03.429
https://www.jacc.org/doi/10.1016/j.jacc.2024.03.429


Clara Luna-Marcos et al (2025) https://doi.org/10.1016/j.redox.2023.102849

GLP-1’s can reduce 
reactive oxygen 
species (ROS), 
improve 
mitochondrial 
function, lower pro-
inflammatory 
cytokines, and 
enhance vascular 
signaling, particularly 
in metabolic disease

GLP1’s in Anti-Aging?

https://www.gethealthspan.com/research/article/glp-1-longevity-hallmarks-of-aging?srsltid=AfmBOop9xgwfnnAfDB3VGoyZiD0gh-
9IaVcyQRRLk6ueUytUIabo1WS3&zp_type=article&zp_slug=glp-1-longevity-hallmarks-of-aging

Combining 
pharmacologic, 
metabolic, and lifestyle 
interventions may help 
stabilize systems and 
preserve resilience

GLP1s support 
healthspan but don’t 
reverse aging 
mechanisms

https://www.gethealthspan.com/research/article/glp-1-longevity-hallmarks-of-aging?srsltid=AfmBOop9xgwfnnAfDB3VGoyZiD0gh-9IaVcyQRRLk6ueUytUIabo1WS3&zp_type=article&zp_slug=glp-1-longevity-hallmarks-of-aging
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Reclaiming
Physiological Reserve



International Conference on Frailty and Sarcopenia Research (ICFSR),



If you change your mind 
you change your life

1 day at a time

What Is Holding You 
Back From Change?



All Or Nothing Mentality 
Often Leads To People Quitting 

Be Kind To Yourself! 



• Inside muscle cells are dormant stem cells 
called “satellite cells”.  

• In accelerated aging, these cells slip into a 
permanent sleep halting muscle 
regeneration

• When you introduce resistance training 
and protein your force the cellular 
recycling process (autophagy) to restart 
and wake up the muscle cells.  This 
restores your body’s inherent ability to 
regenerate tissue and rebuild strength

Reawakening Muscle Reserve

Contribution of muscle satellite cells to sarcopenia (PMC)



Cardio is important for heart health, but resistance training is the single 
most effective lifestyle intervention for reversing accelerated aging

Resistance Training:  A Potent Medicine

Why it works: Resistance training acts as a molecular switch.  It directly 
interrupts inflammatory pathways that break down muscle tissue, and it forces 
the body to preserve “type II fast-twitch muscle fibers- the exact muscle fibers 
responsible for maintaining strength, power, and physical independence

The Landmark Study: Fiatarone et al., 1994 NEJM — "Exercise Training and Nutritional Supplementation for Physical Frailty in Very Elderly People”

https://www.nejm.org/doi/full/10.1056/NEJM199406233302501
https://www.nejm.org/doi/full/10.1056/NEJM199406233302501


A mental cue don't focus too much on where 
something is right now—anticipate where it 
is going next. It's a way of training yourself to 
think dynamically rather than statically.

In other words, don’t just ask, "What's 
happening?" but ask, "What's likely to happen 
next, and can I intervene before it does?"

“ATM” – Always Think Movement 

Utilize all 4 pillars of senior fitness to prevent 
falls, use silverware, button clothing, bend, etc





Why “ATM” Is 
Effective

• Our brains naturally pay attention 
to the present. "Always Think 
Movement" forces you to consider

• What is changing? 

• What is likely to happen next? 

• If things continue on this path, 
what will the outcome be? 

• What can I do now to influence 
that outcome? 

• This shift from reactive thinking 
to predictive thinking often leads to 
faster, better decisions.



A movement philosophy—use movement as 
the default response to everyday life instead of 
treating exercise as a separate event

The science is increasingly supporting this idea 
Researchers call them exercise snacks, 
movement snacks, or activity snacks 

Brief bouts of movement (30 seconds to 5 
minutes) sprinkled throughout the day

How To Work ‘Exercise Snacks’ Into Your Day June 20,2023; health.clevelandclinic.org

Adding In Exercise Snacks

https://health.clevelandclinic.org/exercise-snacks?utm_source=chatgpt.com




There Are Dozens of 
Micro-Opportunities

• Carry groceries one bag at a time. 

• Take stairs whenever they're available. 

• Sit on the floor occasionally 

• Get down on the floor to play with pets. 

• Squat instead of bending at the waist 

• Balance on one foot while waiting 

• Stretch chest when walking in doorway. 

• Walk for two min after sitting for 1 hr

• Put on socks standing up (if safe)

• March in place waiting for warm shower 

• Stretch in bed or using a chair



The Blueprint: Built to Move: The Ten Essential Habits to Help You Move Freely and Live Fully (Starrett & Starrett, 2023).



European Working Group on Sarcopenia in Older People (EWGSOP) 

https://pubmed.ncbi.nlm.nih.gov/30312372/


Goal is 60+ Grams of Protein Daily

At least 20 grams of protein per meal is doable!

https://thegeriatricdietitian.com/protein-requirements-for-older-adults/



Summary



• Many stressors or disease processes, including ATTR, can 
cause accelerated aging and lead to frailty 

• In ATTR, disrupted proteostasis and starvation of 
mitochondrial cells contribute to muscle loss, weakness, 
and daily fatigue 

• It’s possible to rebuild physiological reserve through 
medications, strength training, and increased protein intake

• Mindset and commitment are key to lifestyle maintenance

• Make ATM your new mantra! Daily exercise snacks add up!
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Thanks to our supporters

Individual Donors Like You



AI statement of use

The author used Open Evidence, OpenAI's ChatGPT, Claude, & Gemini 

Notebook to assist with the generation of figures and analogies to present 
scientific content in a user-friendly format.  Subsequently all data was 

reviewed, edited, and validated by the author to ensure scientific accuracy, 
appropriate representation, and alignment with ARC objectives.

Disclaimer/Publisher’s Note

The statements, opinions and data contained in all publications are solely 
those of the individual author(s) and contributor(s) and not of ARC. ARC 

and/or the editor(s) disclaim responsibility for any injury to people or 
property resulting from any ideas, methods, instructions or products 

referred to in the content.
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