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Longevity leap: mind the healthspan gap

Armin Garmany (&', Satsuki Yamada (®"** and Andre Terzic (9">>*

Life expectancy has increased by three decades since the mid-twentieth century. Parallel healthspan expansion has however not
followed, largely impeded by the pandemic of chronic diseases afflicting a growing older population. The lag in quality of life is a
recognized challenge that calls for prioritization of disease-free longevity. Contemporary communal, clinical and research trends
aspiring to extend the health horizon are here outlined in the context of an evolving epidemiology. A shared action integrating
public and societal endeavors with emerging interventions that target age-related multimorbidity and frailty is needed. A
multidimensional buildout of a curative perspective, boosted by modern anti-senescent and regenerative technology with
augmented decision making, would require dedicated resources and cost-effective validation to responsibly bridge the
healthspan-lifespan gap for a future of equitable global wellbeing.

npj Regenerative Medicine (2021)6:57 ; https://doi.org/10.1038/541536-021-00169-5
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Life expectancy has increased by three decades since the mid
twentieth century. Parallel healthspanexpansion has however
not followed, largely impeded by the pandemic of chronic

diseases afflicting a growing older population.

Regenerative Medicine (2021)6:57
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one-fifth of an individual's life will be lived with morbidity*.
Extending lifespan alone without delaying disease onset and/or
reducing disease severity would actually aggravate the
healthspan-lifespan gap. A guiding principle in addressing the
healthspan-lifespan gap is in achieving health as “a state of
complete physical, mental and social well-being and not merely
the absence of disease or infirmity” per the World Health
Organization (WHO). In this regard, integration of scientific
breakthroughs with public and social programs is paramount
towards success in extending a healthy lifespan. Learning from
infectious disease control, remarkable success with river blindness
required discovery of the anti-parasite ivermectin (awarded the
2015 Nobel Prize) and its broad dissemination accelerated by a
drug donation program, achieving over 4 billion treatments and
reaching 300 million people/year. Thus, to ‘compress morbidity’
and ensure the fundamental right to wellness, healthspan
restoring strategies must evolve in unison of scientific, medical
and social innovation.
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speed, low physical activity, exhaustion, and unintentional weight
loss) and “fraility index” (accumulative deficit) to identify and
quantify frailty'>'3, Present in around 25% of those older than
80 years of age and increasing in prevalence amongst younger
age segments, frailty is accentuated by poor lifestyle choices and
disproportionately affects those of lower-socioeconomic status
and women, impeding equitable healthcare'*"'®. Responsible
action plans should thus help re-design life in aging, aspiring to
achieve quality with quantity.

A GLOBAL RESPONSE

A series of programs, catalyzed by the United Nations (UN)
General Assembly resolution 265, have been launched to lessen
the escalating burden of non-communicable diseases. In concert
with the UN Sustainable Development Goals'/, WHO outlined
2025 targets for mortality reduction in 30-70-year-old indivi-
duals'®'®, In parallel, professional healthcare organizations have

'Center for Regenerative Medicine, Marriott Family Comprehensive Cardiac Regenerative Medicine, Marriott Heart Disease Research Program, Van Cleve Cardiac Regenerative
Medicine Program, Mayo Clinic, Rochester, MN, USA. 2Department of Cardiovascular Medicine, Mayo Clinic, Rochester, MN, USA. *Mayo Clinic Alix School of Medicine,
Regenerative Sciences Track, Mayo Clinic Graduate School of Biomedical Sciences, Mayo Clinic, Rochester, MN, USA. “Division of Geriatric Medicine and Gerontology, Department
of Medicine, Mayo Clinic, Rochester, MN, USA. *Department of Molecular Pharmacology and Experimental Therapeutics, Mayo Clinic, Rochester, MN, USA. ®Department of Clinical

Genomics, Mayo Clinic, Rochester, MN, USA. *email: terzicandre@mayo.edu
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Fig. 1 Global aging demographics. The world population continues to grow and has
reached nearly 8 billion people (bars). A preeminent increase has occurred in those older
than 70 years of age (blue line), outpacing those younger than 70 years of age (pink line)
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Life expectancy has increased by three decades since the mid-twentieth century. Parallel healthspan expansion has however not
followed, largely impeded by the pandemic of chronic diseases afflicting a growing older population. The lag in quality of life is a
recognized challenge that calls for prioritization of disease-free longevity. Contemporary communal, clinical and research trends
aspiring to extend the health horizon are here outlined in the context of an evolving epidemiology. A shared action integrating
public and societal endeavors with emerging interventions that target age-related multimorbidity and frailty is needed. A
multidimensional buildout of a curative perspective, boosted by modern anti-senescent and regenerative technology with
augmented decision making, would require dedicated resources and cost-effective validation to responsibly bridge the
healthspan-lifespan gap for a future of equitable global wellbeing.
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The societal triumph of longevity is plagued with debilitating

morbidity, accentuated towards the end of life. Indeed, there is

a recognized gap between lifespan, i.e., the total life lived, and
healthspan I.e., the period free from disease

Regenerative Medicine (2021)6:57
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one-fifth of an individual's life will be lived with morbidity*.
Extending lifespan alone without delaying disease onset and/or
reducing disease severity would actually aggravate the
healthspan-lifespan gap. A guiding principle in addressing the
healthspan-lifespan gap is in achieving health as “a state of
complete physical, mental and social well-being and not merely
the absence of disease or infirmity” per the World Health
Organization (WHO). In this regard, integration of scientific
breakthroughs with public and social programs is paramount
towards success in extending a healthy lifespan. Learning from
infectious disease control, remarkable success with river blindness
required discovery of the anti-parasite ivermectin (awarded the
2015 Nobel Prize) and its broad dissemination accelerated by a
drug donation program, achieving over 4 billion treatments and
reaching 300 million people/year. Thus, to ‘compress morbidity’
and ensure the fundamental right to wellness, healthspan
restoring strategies must evolve in unison of scientific, medical
and social innovation.
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speed, low physical activity, exhaustion, and unintentional weight
loss) and “fraility index” (accumulative deficit) to identify and
quantify frailty'>'3, Present in around 25% of those older than
80 years of age and increasing in prevalence amongst younger
age segments, frailty is accentuated by poor lifestyle choices and
disproportionately affects those of lower-socioeconomic status
and women, impeding equitable healthcare'*"'®. Responsible
action plans should thus help re-design life in aging, aspiring to
achieve quality with quantity.

A GLOBAL RESPONSE

A series of programs, catalyzed by the United Nations (UN)
General Assembly resolution 265, have been launched to lessen
the escalating burden of non-communicable diseases. In concert
with the UN Sustainable Development Goals'/, WHO outlined
2025 targets for mortality reduction in 30-70-year-old indivi-
duals'®'®, In parallel, professional healthcare organizations have
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Life expectancy has increased by three decades since the mid-twentieth century. Parallel healthspan expansion has however not
followed, largely impeded by the pandemic of chronic diseases afflicting a growing older population. The lag in quality of life is a
recognized challenge that calls for prioritization of disease-free longevity. Contemporary communal, clinical and research trends
aspiring to extend the health horizon are here outlined in the context of an evolving epidemiology. A shared action integrating
public and societal endeavors with emerging interventions that target age-related multimorbidity and frailty is needed. A
multidimensional buildout of a curative perspective, boosted by modern anti-senescent and regenerative technology with
augmented decision making, would require dedicated resources and cost-effective validation to responsibly bridge the
healthspan-lifespan gap for a future of equitable global wellbeing.

npj Regenerative Medicine (2021)6:57 ; https://doi.org/10.1038/541536-021-00169-5

HEALTHSPAN-LIFESPAN GAP

The world population has tripled’, from 2.9 billion in 1950 to 7.8
billion in 2020 (Fig. 1A). The average life expectancy—a benchmark
of population health—has risen from 47 to 73 years of age in these
seven decades, a 26-year expansion’. This remarkable trajectory in
human longevity has generated a redistribution in demographic
structure underpinned bv a disbrooortionate surae in those over

of

accentuated towards the end of life.

Indeed, there is a recognized gap between lifespan, i.e., the total
life lived, and healthspan, i.e., the period free from disease?. Using
health-adjusted life expectancy, that considers life expectancy,
years lived with disability, and premature death from disease®, the
healthspan-lifespan gap is estimated at around 9 years (Fig. 2).
This gap appears refractory to current practice paradigms. In fact,
one-fifth of an individual's life will be lived with morbidity*.
Extending lifespan alone without delaying disease onset and/or
reducing disease severity would actually aggravate the
healthspan-lifespan gap. A guiding principle in addressing the
healthspan-lifespan gap is in achieving health as “a state of
complete physical, mental and social well-being and not merely
the absence of disease or infirmity” per the World Health
Organization (WHO). In this regard, integration of scientific
breakthroughs with public and social programs is paramount
towards success in extending a healthy lifespan. Learning from
infectious disease control, remarkable success with river blindness
required discovery of the anti-parasite ivermectin (awarded the
2015 Nobel Prize) and its broad dissemination accelerated by a
drug donation program, achieving over 4 billion treatments and
reaching 300 million people/year. Thus, to ‘compress morbidity’
and ensure the fundamental right to wellness, healthspan
restoring strategies must evolve in unison of scientific, medical
and social innovation.

a n

DISEASE AND FRAILTY CHALLENGE

Lifelong (also referred as “chronic” or “non-communicable”)
diseases are the leading cause of mortality and disability
worldwide>. Collectively, chronic diseases are responsible for
40 million or 71% out of 56 million annual deaths globally, and
79% of all years lived with disability”®. Four common conditions,
namelv cardiovascular diseases. cancer. diabetes. and chronic

. d . .
special attention.

Age-associated outcomes are profoundly aggravated by frailty,
a multisystem decline characterized by increased vulnerability.
Frailty and associated geriatric syndromes are under-recognized
despite engendering poor quality of life, disability, falls, hospita-
lization, long-term care, and mortality'"'2. Assessment instru-
ments use features of the “fraility phenotype” (weakness, slow gait
speed, low physical activity, exhaustion, and unintentional weight
loss) and “fraility index” (accumulative deficit) to identify and
quantify frailty'>'3, Present in around 25% of those older than
80 years of age and increasing in prevalence amongst younger
age segments, frailty is accentuated by poor lifestyle choices and
disproportionately affects those of lower-socioeconomic status
and women, impeding equitable healthcare'*"'®. Responsible

action plans should thus help re-design life in aging, aspiring to
achieve quality with quantity.

A GLOBAL RESPONSE

A series of programs, catalyzed by the United Nations (UN)
General Assembly resolution 265, have been launched to lessen
the escalating burden of non-communicable diseases. In concert
with the UN Sustainable Development Goals'/, WHO outlined
2025 targets for mortality reduction in 30-70-year-old indivi-
duals'®'®, In parallel, professional healthcare organizations have
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Regenerative Sciences Track, Mayo Clinic Graduate School of Biomedical Sciences, Mayo Clinic, Rochester, MN, USA. “Division of Geriatric Medicine and Gerontology, Department
of Medicine, Mayo Clinic, Rochester, MN, USA. *Department of Molecular Pharmacology and Experimental Therapeutics, Mayo Clinic, Rochester, MN, USA. ®Department of Clinical

Genomics, Mayo Clinic, Rochester, MN, USA. *email: terzicandre@mayo.edu
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May | propose a therapeutic vision for our patients is to
reduce the gap between healthy life span, and total life sp
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The 15 leading causes of death in 2019 were:

— N

1. Diseases of heart (heart disease)

2. Malignant neoplasms (cancer)

3. Accidents (unintentional injuries)
4.  Chronic lower respiratory diseases
5. Cerebrovascular diseases (stroke)
6
7
8

Alzheimer disease
Diabetes mellitus (diabetes)
Nephritis, nephrotic syndrome and nephrosis
(kidney disease)
9. Influenza and pneumonia
10. Intentional self-harm (suicide)
11.  Chronic liver disease and cirrhosis
12.  Septicemia
13. Essential hypertension and hypertensive renal
disease (hypertension)
14. Parkinson disease
15.  Pneumonitis due to solids and liquids
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Indeed, chronic inflammatory diseases have been recognized
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Premise #3
Pull At a Chain, It Always Breaks
at the Weakest Link




A continually activated immune system produces
ystemic Chronic Inflammation

Chronic

Physical mfectlons
inactivity

ﬁ

etabolic syndrome,
type 2 diabetes
and NAFLD /7

/ Auto-
7 | immune
diseases

Neurodegenerative
diseases

Depression

Obesity

Dysbiosis

.\
i N
Diet
—J Sarcopenia
Immunosenescence and osteoporosis
W .S & z Xenobiotics 0«
F Disturbed

Isolation and
chronic stress
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The wellestablished nine hallmarks of aging:

Author manuscript
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Nat Aging. 2021 July ; 1: 598-615. doi:10.1038/s43587-021-00082-y.

An inflammatory aging clock (iAge) based on deep
learning tracks multimorbidity, immunosenescence, frailty and
cardiovascular aging

A (1) genomic instability,
A (2) shortening telomere length,
A (3) epigenetic modifications,

°
£
9’.
P ﬁ

Nat Agirlg\.gOZl July ; 1: 598615

A (4) loss ofproteostasis

A (5) deregulated nutrient sensing,

A (6) mitochondrial dysfunction,

A (7) cellular senescence,

A (8) stem cell exhaustion and

A (9) altered intracellular communication,

haveall been shown to be linked t@ustainedchronic

systemic inflammation
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The NEW ENGLAND JOURNALof MEDICINE

“ ORIGINAL ARTICLE ”

Development of Autoantibodies before the
Clinical Onset of Systemic Lupus
Erythematosus

Melissa R. Arbuckle, M.D., Ph.D., Micah T. McClain, Ph.Dy
Mark V. Rubertone, M.D., R. Hal field, M.D., Gregory |. Dennis, M.D,,
Judith A. James, M.D., Ph.D., and John B. Harley, M.D., Ph.D.

AESTRACT

Autoantibodies are typically present many years before
the diagnosis of SLE. Furthermore, the appearance of
autoantibodies in patients with SLE tends to follow a
predictable course with a progressive accumulation of
specific autoantibodies before the onset of SLE, while

patients are still asymptomatic.

AnNpRoSpholpLd antibodies, ant- Ko, 0d ant -La anbbodies were present earier than
anti- Sm and anti-nuclearribonueleo protein antibodi es (a mean of 3.4 years before the
diagnosisvs, 1.2 years, P=0.005). Anti-double-stranded DMA antibodies, with amean
onset 2.2 years before the diagnosis, were found later than antinuclear antibodies
(P=0.06) and earier than anti-nuclear ribonucleoprotein antibodies (P=0.005). For
many patients, the earliest available serim sample was positive; therefore, these meas-
ures of the average time from the first positive anti body test to the diagnosis are under-
estimates of the 6 me from the developmentof antibodies to the diagnosis. Of the 130
inirial marched controls, 3.8 percent were positive for one or more auroantibodies.

CONCLUSIONS

Autoantibodies are typically presentmany years before the diagnosis of SLE. Further-
more, theappearnce of autoantibodiesin patients with SLE tends w follow a predictable
course, with a progressive accumulation of specific autoantibodies before the onsetof
SLE, while patients are still asy mptomatic.

1526 HENGL | MED 343,16 www.HEJM. @RS @CTREER 16, 2293
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Figure 2. Accumulation of Systemic Lupus Erythematosus Autoantibodies.

The curve shows the average number of types of autoantibody in relation to
the time of diagnosis of systemic lupus erythematosus. Seven autoantibodies
| were evaluated, which bind cellular constituents (antinuclear antibodies), Ro,
La, double-stranded DNA, Sm, phospholipid, and nuclear ribonucleoprotein.
The time of diagnosis and the median time of the first appearance of any clin-
ical criterion useful for the classification of systemic lupus erythematosus
(clinical onset) are indicated by arrows.
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Figure 3. Phases in the Development of Pathogenic Autoimmunity.

Normal immunity progresses to benign autoimmunity through the influence
of genetic composition and environment. Later, benign autoimmunity pro-
gresses to pathogenic autoimmunity. Symptoms of clinical illness appear

soon after pathogenic autoimmunity develops.
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Figure 3. Phases in the Development of Pathogenic Autoimmunity.

Normal immunity progresses to benign autoimmunity through the influence
of genetic composition and environment. Later, benign autoimmunity pro-
gresses to pathogenic autoimmunity. Symptoms of clinical illness appear

soon after pathogenic autoimmunity develops.
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