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Fauja Singh, here aged 100, preparesfor Britain's Edinburgh marathen in 2011

Treat ageing

By 2050, the number of people over the age of 80 will
triple globally. These demographics could come at
great cost to individuals and economies. Two groups
describe how research in animals and humans should
be refocused to find ways to delay the onset of frailty.

CLINICAL STUDIES
Prepare for
human testing

Luigi Fontana, Brian K. Kennedy
and Valter D, Longo

problems of old age come as a
package. More than 70% of people
over 65 have two or more chronic

conditions such as arthritis, diabetes, can-
cer, heart disease and stroke’. Studies of
diet, genes and drugs indicate that delaying
omee age-related disease probably staves off
others. Atleast a dozen molecular pattvways
seamito set the pace of physiclogical ageing

Researchers have tweaked these path-
ways to give rodents long and healthy
lives. Restricting calorie intake in roice or
introducing mutations in nutrent-sensng
pathways can extend lifespans® by as much
as 50%, And these Methuselah mice’ are
mare likely than controls to die without any
apparent diseases”. Post-mortems reveal
that tumours, heart problems, neurosdegen-
eration and metabolic disease ate generally
reduced or delayed in long-lived mice. In
other words, extending lifespan also seemns
to increase healthspan the time lived with-
out chronic age-related conditions.

Thes: insightshave made hardly a dent in
hurman medicine. Biomedicine takes on con-
ditions one at a time — Alzheimers disease,
say, or heart failure. Rather, it should leam to
stall incrernent al cellular darmage and changes

The current tools for extending healthy
lifie — better diets and regular exercise — are
effiective. But there is room for improvement,
especiallyin personalizingtreatments. Molec-
lar insights from anirmals should be tested in
hurnans to identify intervertions to delay age -
ing and associated conditions. Together, pre-
climical and dlinical researchers must develop
meaningfiil endpoints for hurman trials

Longevity pathways identified in model
ogEnisms seem to be conserved in humans
and can be manipulated in similar ways**.
Genetic surveys of centenarians irmplicate
hormonal end metabelic systems”. Long-
term calorie restriction in humans induces
drastic metabolic and malecular changes »
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Environment is stronger than genes !

Maximum lifespan: 125 years
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Calories/day 2800 kcal
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The rising tide of obesity is strongly associated with daily calorie intake and sedentary
lifestyle-promoting transportation
*US, approximate value. #Worldwide auto production.

Mattson et al. PNAS 2015



Caloric Restriction : Most Powerful Anti-Aging Intervention

Caloric restriction reduces age-related and all-cause mortality in rhesus monkeys.

Colman RJ, Beasley TM, Kemnitz JW, Johnson SC, Weindruch R, Anderson RM.
Nat Commun. 2014 Apr 1;5:3557
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http://www.ncbi.nlm.nih.gov/pubmed/24691430

CALERIE CENTERS
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A 2-Year Randomized Controlled Trial of Human Caloric Restriction:

Feasibility and Effects on Predictors of Health Span and Longevity

Ravussin E et al.
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JAMA Intern Med. 2016;176(6):743-752.

Effect of Calorie Restriction on Mood, Quality of Life, Sleep, and Sexual
Function in Healthy Nonobese AdultsThe CALERIE 2 Randomized Clinical Trial

Martin CK et al ——
§: oa
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Question What are the effects of 2 years of calorie restriction on the = nan
health-related quality of life of nonobese adults? g
Findings In this randomized clinical trial that enrolled 220 healthy 5| 5 I :
2 0| o O
nonobese adults, long-term (2-year) calorie restriction had no negative g | ' ¢
effects and some positive effects on health-related quality of life. g 2
Meaning In nonobese adults, calorie restriction, marked by DT e
approximately 10% weight loss, can be undertaken with little concern s
about negative effects on quality of life, mood, sexual function, and E . 1
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Images depicting the evolutionary basis for the importance of optimal brain function -

under conditions of food deprivation and physical exertion.
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Vet Pathol. 2016 March ; 53(2): 291-298. doi:10.1177/0300985815591082.

The biology of aging: citizen scientists and their pets as a bridge
between research on model organisms and human subjects

Matt Kaeberlein®*
'Department of Pathology, University of Washington, 1959 NE Pacific ST, Seattle WA 98195

Dr. Matt Kaeberlein

Co-Director

GeroScience (2017) 39:117-127
DOI 10.1007/s11357-017-9972-z

@ CrossMark

ORIGINAL ARTICLE

A randomized controlled trial to establish effects of short-term
rapamycin treatment in 24 middle-aged companion dogs

Silvan R. Urfer - Tammi L. Kaeberlein -
Susan Mailheau - Philip J. Bergman - Kate E. Creevy -
Daniel E. L. Promislow - Matt Kaeberlein



Piraino, S., Boero, F., Aeschbach, B., and Schmid, V. 1996. Reversing the life cycle:
Medusae transforming into polyps and cell transdifferentiation in Turritopsis nutricula
(Cnidaria, Hydrozoa). Biol. Bull. 90: 302-312.
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FoxO is a critical regulator of stem cell maintenance
in immortal Hydra

Anna-Marei Boehm ', Konstantin Khalturin®, Friederike Anton-Erxleben?, Georg Hemmrich?, Ulrich C. Klostermeier®,
Javier A. Lopez-Quintero?, Hans-Heinrich Oberg ¢, Malte Puchert?, Philip Rosenstiel®, J6rg Wittlieb®,
and Thomas C. G. Bosch®?

PNAS | January 8,2013 | vol. 110 | no.2 |
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Regulation of Nrf2 signaling and longevity in naturally
long-lived rodents

Kaitlyn N. Lewis™®, Emily Wason®, Yael H. Edrey™®, Deborah M. Kristan9, Eviatar Nevo®, and Rochelle Buffenstein®<!

®Departments of Cellular and Structural Biology and “Physiology and PBarshop Institute for Longevity and Aging Studies, University of Texas Health Science
Center at San Antonio, San Antonio, TX 78229; LiDepartmen‘c of Biological Sciences, California State University, San Marcos, CA 92096; and “Institute of
Evolution, University of Haifa, Haifa 31905, Israel

3722-3727 | PNAS | March 24, 2015 | vol. 112 | no. 12
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Naked mole-rat mortality rates defy
Gompertzian laws by not increasing with
age

J Graham Ruby, Megan Smith, Rochelle Buffenstein*

Calico Life Sciences LLC, South San Francisco, United States

¢ ico is a research and development company. whosemi . grnesé advanced "
stechnologies to increase our understanding of the bislog Iat“‘contro“is__lifespun. We-

. willuse that'knowledge to devise interventions that endbile people to lead longer and
healthier lives. Executing on this mission will requi!e'o.h-bnpre:eqent'ed level of
interdisciplinory effert and a long-term focus for which funding I alreddy in place.
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Positive biology’ as a new paradigm
for the medical sciences

Focusing on people who live long, happy, healthy lives might hold the key to improving human well-being

Colin Farrelly

Eliminating all types of cancer

would increase life expectancy in S R~ ' u.
the USA by approximately only 4 !

ANCIENT ONE? L]

three years t.’



Centenarians are a great model of Positive Biology

Study the escapers to keep their secret of long life
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Mechanisms of Ageing and Development 136-137 (2014) 148-162

Healthy aging diets other than the Mediterranean: A focus on the
Okinawan diet

Donald Craig Willcox®"“", Giovanni Scapagnini®, Bradley |. Willcox *

REJUVENATION RESEARCH
Volume 15, Number 2, 2012
© Mary Ann Liebert, Inc.

DOI: 10.1089/rej.2011.1280

Mediterranean Diet and Longevity in Sicily:
Survey in a Sicani Mountains Population

Sonya Vasto,' Giovanni Scapagnini? Claudia Rizzo? Roberto Monastero,?
Antonio Marchese,* and Calogero Caruso'
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Seventh-Days Adventists

Val, &.N:I.E‘E 3 Friday, June 17, 1946

Loma Linda University Diet Research Team
Establishes Value of Vegetarian Regime
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/g(_ Author manuscript

rraa J Relig Health. Author manuscript; available in PMC 2018 August 14.

Published in final edited form as:

J Relig Health. 2016 April ; 55(2): 695-708. doi:10.1007/510943-015-0102-x.

Intrinsic Religiosity and Hypertension Among Older North

American Seventh-Day Adventists

Sherma J. Charlemagne-Badal' and Jerry W. Lee?

published findings'™

Michael J Orlich and Gary E Fraser

A lifestyle characterized by a
series of lifestyle choices such
as exercise, vegetarian diet,
abstinence from smoking,
consumption of nuts, and
favorable psychosocial
functioning (lower depression
and authoritarianism, higher
time urgency), all hinged on
religious beliefs, has been
found to predict a longer life
among SDAs

1
@lll(‘ American Journal of

CLINICAL NUTRITION

Vegetarian diets in the Adventist Health Study 2: a review of initial




Sea of Japan

JAPAN sTokyo

o Pacific Ocean

. Okinawa

Almost 1000
Okinawan
centenarians and
numerous other
elderly in their
seventies,
eighties, and
nineties, have
been studied from
1975

Prevalence of Dementia

Prevalence (%)

6564 -4 -9 -84 #5-90

Age Group

Sources: Yamada, M., et al. J Am Geriatr Soc 1999;47:189-85,
Kokmen, E., et al. Mayo Clin Proc 1996;71:275-82. Ogurs, C., et al.
Internatl J Epidemniol 1995;24:373-80.
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In Okinawa, centenarian ratios may be the world’'s
highest at approximately 50 per 100,000 population

Life Expectancy in Long-Lived Populations and the US

Okinawa
—=— Japan

Sweden
—— USA
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1860 18965 1470 1878 1880 1085 1980 1086

Sources: W.H.0. 1996; Japan Ministry of Health and Welfare, 1996.



Gene Varient in Insulin Signaling Pathway Strongly
Associated with Healthy Aging and Longevity
(Willcox et al. Proc Nat Acad Sci 2008)
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Hawali scientists say they have
identified a human *longevity™
gene prevalent in men who have
led long, healthy lives.

worrying made The gene, labeled FOXO3A, was
you live L identified by Kuakini Medical Cen-
would do it, but it ter and Pacific Health Research In-
doesn't help so 1 stitute investigators. They studied
never do,” he biological specimens and clinical
Here, Yogi runs on data collected and maintained at
amhkgh}moachmlm Kuakini since 1965 on 8,006

Japanese-American men recruited
for the Honolulu Heart Program
and Honolulu-Asia Aging study.

GENE FOUND

Isle scientists isolate the gene using decades of data

Discovery of the FOXO3A gene is
part of a Hawall Lifespan Study that
Is continuing to mine Information
from the cohort to Increase under-
standing of diseases and aging.

Findings of the team, led by Dr.
Bradley Willcox, were published
yesterday In the National Academy
of Sclences’ journal.

“Some humans are just built
stronger, built to last, and other
humans are more frail. That's our
genetic endowment,” Willcox said.
HELEN ALTONN / PAGE AB
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TT
TG
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Lower prevalence of cancer,
CVD, better self-reported health,
and higher physical and
coghnitive function, despite
significantly older ages than
controls. Greater insulin
sensitivity and this was
associated with homozygosity
for the FOXO3A GG genotype.

Stress
(metabolic, oxidative, reduction in insulin or growth factor)

Gluconeogenesis €—— ——> Proteostasis

DNA repair 7 ﬁ Autophagy
Cell cycle arrest / \\‘\ Mitophagy
. Lipophagy
Stem cell homeostasis Breakdown of reactive
oxygen species
Differentiation Redox balance

Regulation Induction of
of cell death  apoptosis

!

Protection against
Type 2 diabetes, cardiovascular disease,
cancer, neurological disorders

!

Healthy ageing, increased lifespan

Immune system modulation
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Healthy aging diets other than the Mediterranean: A focus on the
Okinawan diet

Donald Craig Willcox®™%*, Giovanni Scapagnini ©, Bradley ]. Willcox ¢

Key Features of Traditional Okinawa Diet

1) Low Caloric Density (plant-based, low fat, moderate
protein from soy, fish, lean meats)

Alcohol in Moderation

2) High Nutrient Density (Vitamins A,C, E, potassium,
magnesium, folate, and healthy oils)

Oils, Condiments,
Herbs and Spices

Daily Sanpin / Fish & Lean \ Daily Physical
(Jasmine) Tea Activity

3) Phyto-nutrient Rich (polyphenols, carotenoids mostly Meats
from green leafy, yellow root vegetables and seaweed) / — \

4) Low in Glycemic Load (high quality carbohydrates / Wi \
from staple sweet potato) / Vegetables & Frults \

5) Anti-inflammatory (CR, polyphenols, omega 3 fatty

_ Traditional Okinawan diet food pyramid
acids)



Healthy aging diets other than the Mediterranean: A focus on the Okinawan diet.
Willcox DC, Scapagnini G, Willcox BJ. Mech Ageing Dev. 2014 Jan 21.

Curcuma longa Ipomoera batatas Wakame
cultivar Ayamurasaki Undaria pinnatifida

OH
HO OH
\Q[O OH OH
| :r°3©
HO OH

OH
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https://www.pubmed.com/pubmed/24462788

Nutrients acts as dietary signals

ys Nutrients
Nutritional factors (dlietary signals)

Transcription factors

Gene transcri ption Signalling through

sensor mechanisms

!

Genes (normal genotype)

l Normal phenotype l

Homeostasis

Energy Cell
homeostasis proliferation
Nutrient
absorption




Physical Activity and
psychological and social
aspects, all play an important
role in Okinawan longevity.
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Harvard
University

Harvard students 1940 JFK

The Study of Adult

Education and longevity
Development

268 Harvard Sophomores 401

350 Boston Core-City boys

25 A

Have been studied
from 1937 until today

20

154 —+— College men (N=237)

% of cohort dead or disabled

10 A =& Core—city college grads (N=25)

—— Core—city men (N = 332)

0 : : : : :
Boston 1940 Age 50 Age 55 Age 60 Age 65 Age 70 Age 75



Childhood factors do not predict much about
life at age 70- 80

Age 70- 80

Physical Length of Life Mental
Health Active Life Satisfaction Health
no ++

Warmth of no

Childhood

Childhood no no no no
Temperament

Parental no no no no
social class

Ancestral no + no no

longevity



Factors in midlife that predict how we age

Age 70- 80

Physical Length of Life Mental
Health Active Life Satisfaction Health

=} Smoking N 2 4 no N2
.| Alcohol Iy ) Yy Iy
=8 Abuse
<
Exercise ++ ++ no +
Stable =+ no == &=

Marriage



HEALTH & MEDICINE

Flagvard Good genes are nice, but
Joy 1S better

Gazette

Robert J. Waldinger
Harvard Medical School

Harvard study, almost 80 years old,
has proved that embracing
community helps us live longer, and
e happier
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The creation of Adam by Michelangelo

F.L. Meshberger, An interpretation of Michelangelo s Creation of Adam Based on
Neuroanatomy, in: “journal of American Medical Ass.”, 264, 1990, pp. 1837-41)
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The link between brain and longevity

Hypothalamic programming of systemic 1
ageing involving IKK -p, NF-xB and GnRH

Gun Fhangz %, hoxue Lit#, Sudurshana Purkayustha' -, Yizhe Tang' ", Hai Zhang' %, Ye Yin'-, Bo Li', Gang Lin'
& Diomp=heng R

Nature. 2013 May 9;497(7448):211-6. May 1.

Ageing is a resull of gradual and overall funclinnal deteriomiions acrmss the body; however, il s unknown whether an
indlividual tissue primarily works 0 mediale the ageing progress and coniml lifespan. Here we show that the
hypothalamus is imporiant for the development of whole-baody speing in mice, and that the underlying hasis
invnlves hypothalamic immunily mediated by Iel kinase-f (TKEK-R), nuclear izcior gB (NF-kR) and related microglia-
roerlirn irmlne croesialk. Several inferventivsal models were deseloped showing that ageing retardation and hifespan
cxlension are achieved in mice by preventing ageing-relaied hyporthalomic or braim [KK-f and 5F-cB activation.
Mechanistic siudies further revealed that IKK-§ and NF-cB ihibit gonadotmgin-releasing honmone (GrRH| o 1

mediate agemg-related hypothalunic GnEH dechine, amd GnBH treatment amends ageing-impaired nelogeness DongSheng Cal’ M - D" Ph' D’
amd] deceleraies mfeing. In conclusion, fhe hypothalimos has o progriommatic mile in ageng development Via fmmline -

neirsendoerine integralion, and immone inhibition or GnRH rectiaration i the by pothabamosbrdn represent Dano prOfessor Of mOIeCUIar pharmaCOIOgy
enlial sisulegies o opltimizing lifespan and conbaling ageinyg - relaled health prolslems. . . . .
P s B at Albert Einstein College of Medicine, NY

] S " “Scientists have long wondered whether aging occurs
= 8o} T, independently in the body’s various tissues or if it could
= Lt L be actively regulated by an organ in the body,”
& 60 by i
% IxB-ot . '1 ¥ '
E 0 —cm { 1 “It’s clear from our study that many aspects of aging are
= B L il B controlled by the hypothalamus. What’s exciting is that

281 A it’s possible — at least in mice — to alter signaling within

0 . . - . N - the hypothalamus to slow down the aging process and
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How many dementia cases in the future?
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Toward defining the preclinical stages of Alzheimer’s disease:
Recommendations from the National Institute on Aging and the Alzheimer’s Association workgroup

The continuum of Alzheimer’s disease
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EPIGENETIC NUTRACEUTICAL DIETS IN ALZHEIMER'S DISEASE

S.DAVINELLI*, V. CALABRESE*.D. ZELLA* G. SCAPAG =

1. Department of Medicine and Health Sciences. University of Molise, Campobasso 86100, Italy; 2. Inter-University Consortium “Samnio Tech™, Benevento, 82030, Italy; 3. Department
of Biomedical Sciences, University of Catania, Catanda, 95124 Italy; 4. Department of Biochemistry and Molecular Biology, University of Marvland-School of Medicine, Baltimore, MD
21201, USA. Comesponding author: Giovanni Scapagnind, Deparmment of Medicine and Health Sciences, University of Molise, Campobasso S6100, Italy, g scapagninié= gmail com

Abstract: There 1s growing support that environmental influences and individual genetic susceptibility may
increase the meidence and accelerate the onset of Alzheimer's disease (AD). Epigenetic mechanisms encompass a
complex regulatory network of modifications with considerable impact on health and disease risk. Abnormal
eplgenetic regulation is a hallmark in many pathological conditions including AD. It 1s well recogmized that
numerous bioactive dietary components mediate epigenetic modifications associated with the pathophysiology of
several diseases. Although the influences of dietary factors on epigenetic regulation have been extensively
investigated, only few studies have explored the effects of specific food components In regulating epigenetic
patterns during neurodegeneration and AD. Epigenetic nutritional research has substantial potential for AD and
may represent a window of opportunity to complement other interventions. Here, we provide a bnef overview of
the main mechanisms involved in AD), some of which may be epigenetically modulated by bioactive food.

Potentially Relevant Effects of Epigenetic Dietary Compounds in AD

H
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flietar_v components Sources Epigenetic effects References
B vitamins meat and vegetables but B12 vitamin DNA methylation (23.24)
15 not available from plant products

Resveratrol orapes, red wine, peanuts DNA methylation,

Histone-modifications, miRENA (26,53,7T)
Catechins green tea, cocoa, blackbermes DNA methylation,

Histone-modifications, miENA (31,57,70, 76)
Caffeic acid coffee, barley grain DNA methylation (32)
Chlorogenic acid apples, pears, berries DNA methylation (32)
Isoflavones so0v products DNA methylation,

Histone-modifications, miENA (33,34, 58, 74)
Isothiocyanates cruciferous vegetables DNA methylation (33)
Sodium butyrate cheese, butter Histone-modifications (45, 46)
Flavonols grape, blueberry, citrus fruits Histone-modifications,

miRNA (48,49, 55 56,73)
Curcumin tumeric miRNA (70,75)
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Brain foods: the effects of nutrients on brain function

Fernando Gomez-Pinilla
Departments of Neurosurgery and Physiological Science, University of California at Los Angeles

School of Medicine, Los Angeles 90095, California, USA

Crawford MA, et al. Evidence for the unique
function of docosahexaenoic acid during the
evolution of the modern hominid brain. Lipids
1999;34 (Suppl):39-47.
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Ageing Research Reviews

Nutrition for the ageing brain: Towards evidence for an optimal diet
Vauzour D, et al. 2016

Pathological
aging

Normal
aging

” pidemiology ™

Lifestyle intervention
Micronutrients v
Polyphenol-rich diets
Flavonoids
Vitamins
w-3 PUFAs

Calorie restriction
v Ketogenic diet

v Mediterranean diet
v Exercise

Overview of links between lifestyle interventions on cognition and healthy brain function during ageing.



The Longevity Puzzle:
Determinants of Healthy Longevity

Lifestyle factors

v Diet

Calorie intake 2_5
Protein intake
Q" v Physical activity

Genetics Interaction between:
Genes
Environment
Vitamin D
|

3 ﬂ Ageing Res Rev. 2014, 13:38-45
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The Connection Between Fats and Heart 'Diseases

1969, Bang & Dyerberg: investigation in Greenland
near absence of thrombotic heart diseases In
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Long Chain PUFA
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The Impact of the Bellagio Report on Healthy
Agriculture, Healthy Nutrition, Healthy
People: Scientific and Policy Aspects and

the International Network of Centers for
Genetics, Nutrition and Fitness for Health

Artemis P. Simopoulos

The Center for Genetics, Mutrition and Health, Washington, DuC., USA

& n-6 fats
77, n-3 fats
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Prehistoric ~ 1900
1:1 4:1

~ 2000
25:1

Table 5. International Network of Centers for Genetics, Nutrition and Fitness for Health (directors)

Last name First name Titlefaffiliation City fcouniry

Allayee Hooman Associabe Professor, Department of Preventive Los Angeles,
HMedicine, University of Southern California Keck School — Calif, USA
of Medicine, Los Angeles, Calif, USA

Cesuroglu Tomris Researcher, Department of Social Medicine, Maastricht, The
Maastricht University, Maastricht, The Netherlands
Netherlands

Chrousos George Professor and Chairman, Department of Athens, Greece
Pediatrics, University of Athens, Athens, Greece

Gopalan Sarath Executive Director, Centre for Research on New Delhd,
Nutrition Support Systems [CRNEE), New Delhi, India India

Johnson Richard Professor of Medicine, Chief, Division of Renal Diseases  Denver, Colo.,
and Hypertension, University of [LET:Y
Colorado, Denver, Colo., USA

Hang Jing Associabe Professor of Medicine, Director, Boston, Mass.,
Laboratory for Lipid Medicine and Technology, [LET:Y
Massachosetts General Hospital and Harvard Medical
School, Boston, Mass, USA

Hohlmeier Martin Professor, University of North Carolina School of Public  Raleigh, N.C.,
Health, Chapel Hill, N.C.. USA 54

Li Duo Professor, Department of Food Science and Shanghai
Nutrition, Zhejiang University, Hangzhou, China Podong, China

Marcos Ascension Research Professor, Spanish National Research Council, Madrid, Spain
Madrid, Spain

Savas Serdar President, Turkish Society of Public Health Istanbul,
Genomics and Personalized Medicine, Istanbul, Turkey Turkey

Scapagnini Giowanmni Associate Professor, Department of Medicine and Heath  Campobasso,
Science, University of Molise, Campobasso, ltaly ltaly

Schmidt Laura Professor, Philip R. Lee Institute for Health Policy San Francisco,
Stmodies and Department of Anthropology, History and Calif, I5A
Social Medicine, School of Medicine, University of
California at 5an Franciseco, San Francisco, Calif, U5A

Simopoulos  Artemis President, The Center for Genetics, Hutrition and Health, Washington,
Washington, D.C, US4 D.C, USA

‘Waitzberg Dan Associate Professor, Department of Gastroenterology, Sdo Panlo,
University of 530 Paulo Medicsl School, 830 Paulo, Brazil Brazil
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Livelli di assunzione di omega 3 con la dieta e riduzione del rischio
di mortalita per tutte le cause (da Hibbeln et al., 2006, mod.)
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_ The physiology of long-distance migration: extending the limits of endurance
metabolism

) The Joumal of Experimantal Biology 212, 583-597
Jean-Michel Weber Published by The Company of Biologists 2009

Department of Biology, University of Ottawa, Ontario, Canada doi10.1242/eb 015024

Migration cycle of the semipalmated sandpiper (Calidris pusilla) Natural doping by binding of n-3 fatty acids to PPARa and p

Birds double body mass
by eating burrowing
amphipods for 2 weeks EPA or DHA WAV =

Fatty acid

/ __1 composition of diet
e : n-3 20:5 (EPA)
J—. Corophium'
\\Dﬂjfﬂfof / 20:4
18:2

—

Reiueling stopover 18:1
in Bay of Fundy
(Canada) 18:0

16:1

Longest
non-stop flight
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Influence of omega-3 fatty acids on skeletal

AGING 2017, Vol. 9, No. 4

Research Paper

muscle protein

metabolism and mitochondrial bioenergetics in older adults

Antigoni Z. Lalia®, Surendra Dasari’, Matthew M. Robinson*, Hinnah Abid*, Dawn M. Morse’,

Katherine A. Klaus', lan R. Lanza®
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5. Seshadn, MD

Red blood cell omega-3 fatty acid levels

and markers of accelerated brain aging

Meurclogy 78 February 28, 2012

ABSTRACT

Objective: Higher dietary intake and circulating levels of docosahexaenoic acid (DHA) and eicosa-
pentaenoic acid (EFA) have been related 1o a reduced risk for dementia, but the pathways under-
lying this association remain unclear. We examined the cross-sectional relation of red blood cell
(REC) fatty acid levels to subclinical imaging and cognitive markers of dementia risk in a middle-
aged to elderly community-based cohort.

Methods: We related RBC DHA and EPA levels in dementia-free Framingham Study participants
(n=1,575; 854 women, age 67 + 2 years) to performance on cognitive tests and to volumetric
brain MRI, with serial adjustments for age, sex, and education (model A, primary model), addition-
ally for APOE e4 and plasma homocysteine (model B), and also for physical activity and body mass
index (model C), or for traditional vascular risk factors (model D).

Results: Participants with RBC DHA levels in the lowest quartile (Q1) when compared to others
(Q2-4) had lower total brain and greater white matter hyperintensity volumes (for model A: g =
SE=-049+019;p=0.009 and 0.12 = 0.06; p = 0.049, respectively) with persistence of
the association with total brain volume in multivariable analyses. Participants with lower DHA and
w3 index (RBC DHA +EPA) levels (Q1 vs Q2-4) also had lower scores on tests of visual memory
B+SE=-047 +0.18; p = 0.008), executive function (8 + SE = —-0.07 + 0.03; p = 0.004),
and abstract thinking (8 = SE = —0.52 + 0.18; p = 0.004) in model A, the results remaining
significant in all models.

Conclusion: Lower RBC DHA levels are associated with smaller brain volumes and a “vascular” pat-
tern of cognitive impairment even in persons free of clinical dementia. Neurology™ 2012;78:658-664




Bram Behav Immun. 2011 November ; 25(8): 1725-1734.

Omega-3 Supplementation Lowers Inflammation and Anxiety in
Medical Students: A Randomized Controlled Trial

Janice K. Kiecolt-Glaser®t” Martha A. Belury®, Rebecca Andridged, William B.
Malarkey2 02 and Ronald Glaser®f

planned secondary analyses that used the plasma n-6:n-3 ratio
in place of treatment group showed that decreasing n-6:n-3
ratios led to lower anxiety and reductions in stimulated IL-6 and
tumor necrosis factor alpha (TNF-a) production, as well as
marginal differences in serum TNF-a.

Results from models using continuous p=6:1=3 plasma ratio to predict primary and secondary outcomes
{natural log=transformed)

Plasma né:n3 Ratio
Estimate (SE) 5% C1  Pvalue
E ﬁ_‘_—hq%ﬁ Primary Outenmes
2 10 e -— . Serum Cytokines
g 5 log(1L-6) QL0093 (0.012) =0.004 1o (L033 A3
% 8 . log( TNE-) 0.0089 (0.0047)  —0.0004 10 0,018 .0&
@ i Stimulated Cytokines
E € 9 A log(1L-6) 0.0Z1 (0.010) 00006 o (L0400 03
= B----g---. g----4 log(TNF-a) 0021 (0.010)  0.0006w0.042 04
T I 1 | I 1 Secondary Outcomes
1 2 3 4 5 6 Mood
Beck Anxiety, log 0,039 {0.015) 00098 o 0L0GS .01
Study Visit CES-D, log 00061 (001T)  -0.027t00039 T2

-
Least squares means adjusted for baseline value, visit, and gender. Cytokine models additionally adjusted for SAD

Mote: All outcomes are natural log-trans formed.



Brain Belav Iminun. 2013 February @ 28: 16-24. doi:10.1016/3.bb1.2012.09.004.

Omega-3 Fatty Acids, Oxidative Stress, and Leukocyte Telomere
Length: A Randomized Controlled Trial

Janice K. Kiecolt-Glaser?®. 1, Elissa S. Epel?, Martha A. Belury®, Rebecca Andridge?, Jue
Lin®, Ronald Glaser?, William B. Malarkey?, Beom Seuk Hwang®, and Elizabeth Blackburn®

The double-blind 4-month trial included 106 healthy sedentary overweight middle-aged and older adults
who received (1) 2.5 g/day n-3 PUFAs. (2) 1.25 g/day n-3 PUFAs. or (3) placebo capsules that mirrored the
proportions of fatty acids in the typical American diet. Supplementation significantly lowered oxidative
stress as measured by F2-1soprostanes (p=0.02). The estimated geometric mean log-F2-1soprostanes values
were 15% lower 1n the two supplemented groups compared to placebo. Telomere length increased with
decreasing n-6:n-3 ratios, p=0.02. The data suggest that lower n-6:n-3 PUFA ratios can impact cell aging.

[
TR L,; EXTENDNG THE LENGTH OF A TELOMERE
Ernceyonie Agutt |
B Y an § — ——
oA \ Linear regression analysis for change in telomere length with change in n-6:n-3 fatty acid plasma ratio.
g meew | controlling for baseline telomere length.
Short and
/" af Dt . X
, oy - i Effect Estimate 5% CI P-value
GTT ' at |
sanBBEERRES Lntercept 1040 (296.1783)  0.007
‘ P S Telomere length, baseline 015 (-027.-0.031) 001
ol i _ by elomewm 2 _mfn"; -ﬁ n-Gn3 fary acads, baselme 21 (—44, 2.0 0.07
& GGTTAGEGTT »
& ‘ “ BAnUBEGAADE Decrease in nfnd fatry acids? 20 (4.36) 0.02
| msesetseeUTER
-y EE = -
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R ——
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The Relationship Between Urinary Total
Polyphenols and the Frailty Phenotype in a
Community-Dwelling Older Population:The
INCHIANTI Study

Mireia Urpi-Sarda,’? Cristina Andres-Lacueva,'? Montserrat Rabassa,'?
Carmelinda Ruggiero,® Raul Zamora-Ros,* Stefania Bandinelli,®
Luigi Ferrucci,® and Antonio Cherubini’

The Journal of Nutrition (AE\N
Nutritional Epidemiology J
High Concentrations of a Urinary Biomarker
of Polyphenol Intake Are Associated with
Decreased Mortality in Older Adults'-?

Raul Zamora-Ros,>* Montserrat Rabassa,” Antonio Cherubini,”** Mireia Urpi—Sard5,3
. R - 8 L 3
Stefania Bandinelli,” Luigi Ferrucci,” and Cristina Andres-Lacueva

J. Nutr. 143: 1445-1450, 2013

JAGS  £3.938-544, 2015

Low Levels of a Urinary Biomarker of Dietary Polyphenol Are
Associated with Substantial Cognitive Decline over a 3-Year
Period in Older Adults: The Invecchiare in Chianti Study
Montserrat Rabassa, MSe,” Antonio Cherubini, MD, PhD,” Raul Zamora-Ros, PhD,’

Mireia Urpi-Sarda, DPbarm, PhD,* Stefania Bandinelli, MD,® Luigi Ferrucci, MD, PhD,! and
Cristing Andres-Lacuweva, DPbarm, PhD*




Scapagnini G, Colombrita C, Amadio M, D'Agata V, Arcelli E, Sapienza M,
Quattrone A, Calabrese V.
Curcumin activates defensive genes and protects neurons against

oxidative stress.
Antioxid Redox Signal. 2006 Mar-Apr;8(3-4):395-403.

Institute of Neurological Sciences, National Research Council (CNR), Catania, Italy.,
Blanchette Rockefeller Neurosciences Institute, West Virginia University, Rockville, Maryland.
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CURCUMIN

Effect of curcumin and SNAP on HO-1 protein expression in astrocytes Effect ofl curcn min onlplecanaloxida=el(GOX) medlatod cellular

injury in cortical neurons

CJCONTROL

I GOX

[ GOX+CLRCUMN

[ GOX+COLRCLMN+SPPIX

Control Curcumin 30 M (8h)

Cell viability
(% control)

0

*p < 0.05 versus control, ** p < 0.05 versus GOX alone

SNAP 0.5 mM (6h) Negative control
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April 19, 2004

Curry keeps Alzheimer's at bay

By SaMm LISTER

THEY may be a challenge to the consumer’s
constitution, but hot curries do not just test the taste
buds and the stomach, they also guard against the
deterioration of the brain.

A study into the health benefits of curcumin, found in
everything from the mildest korma to the hottest
vindaloo, has revealed its power to protect against
the onset of Alzheimer's disease.

Scientists have identified curcumin oil as a chemical
trigger that enhances enzyme activity, protecting the
brain against the progression of neurodegenerative
disease.

TIME

FROM THE MAGAZINE

YOUR TIME/HEALTH/PAGING DR. GUPTA L
May 3, 2004 Vol 163

Spicing Up Your Life No. 18
Got a taste for zesty food? The things that give it zing may
also ward off disease

By SAMJAY GUPTA

Monday, May. 03, 2004

Since I'm of Indian descent, spicy foods have long been a part of my diet.
The distinctive smell of curry often wafted through my childhood home
as my mom prepared her deliciously spicy dishes, often served with a
dose of "it's good for you.” She is a fantastic cook, and it tums out she
may have been right about the health benefits of curry as well. According
to preliminary research presented last week at a meeting of the American
Physiological Society, curcumin, which gives the curry spice tumeric its
vellow color, may help protect the brain against Alzheimer's disease.
Scientists have long theorized that free radicals released as we age could

k¢ a major cause of Alzheimer's. The new study, conducted by
researchers al three centers in ltaly, as well as New York Medical

CURRY PUTS HEAT ON ALZHEIMER'S

Apnl 20, 2004 -- If you want to protect against Alzheimer's
disease, better get some curry in a hurry.

A new study reveals that hot curries can prevent the detenoration of the brain and

help prevent the onset of Alzheimer's,

Scientists at New York Medical College and the University of Catania in Italy made
the discovery as they looked at the health benefits of curcumin, which is found in

mast Indian foods.

1heGuardian

Spice of life

It's high in fat and can contain dangerous levels of
artificial colourings. But curry, reports Clint
Witchalls, could well be good for your health

Tuesday April 20, 2004
The Guardian

Chicken tikka masala is said to be Britain's favourite dish, but
the recent scare about artificial colourings may have put some
people off it. Last month, trading standards officers in Surrey
found that 58 out of 102 chicken tikka masala samples
contained illegal and potentially dangerous levels of artificial
colourings. The dyes, such as tartrazine, ponceau, and sunset
yellow, have been implicated in a number of disorders, ranging
from hyperactivity in children to cancer.



Sulforaphane treatment of autism spectrum
disorder (ASD)

Kanwaljit Singh®®,
and Andrew W. Zimmerman
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Broccoli Sprout Extract or Placebo
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Cocoa phytochemicals, a story of positive biology

Int. J. Med. Sci. 2007, 4 53

International Journal of Medical Sciences
ISSN 1449-1907 www.medsciorg 2007 4(1):53-58
© Ivyspring International Publisher. All rights reserved
Research Paper

Does Flavanol Intake Iniluence Mortality irom Nitric Oxide-Dependent
Processes? Ischemic Heart Disease. Stroke, Diabetes Mellitus. and Cancer in
Panama

Vicente Bayard 1, Fermina Chamorro ', Jorge Motta 2, and Norman K. Hollenberg 3

1. Instituto Commemorative Gorgas de Estudios de la Salud and The Department of Preventive Medicine, School of Medi-
cine, University of Panama, Panama City, PANAMA, and Gorgas Institute, Panama City, PANAMA;

2. Instituto Commemorative Gorgas de Estudios de la Salud, Panama City, PANAMA;

3. Brigham and Women's Hospital, and Harvard Medical School, Boston, Massachusetts, USA,

Correspondence to: Norman K. Hollenberg, M.D., Ph.D., Brigham and Women’s Hospital, 75 Francis Street, Boston, MA 02115. Tel: (617)
732-6682; Fax: (617) 232-2869; e-mail: djpagecapo@rics.bwh harvard edu
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Cocoa epicatechins improve cognition

P GG |
Nature Neuroscience

Study shows consuming dietary cocoa flavanols
reversed age-related memory decline.

- 4
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-2~ Follow up
-6~ Baseline

Enhancing dentate gyrus function with dietary
flavanols improves cognition in older adults

Adam M Brickman!2#, Usman A Khan!-2$, Frank A Provenzano!28, Lok-Kin Yeung!2, Wendy Suzuki?,
Hagen Schroeter?, Melanie Wall*>6, Richard P Sloan®% & Scott A Small>237

In a controlled randomized trial, healthy 50-69-year-old
subjects consumed either a high or low cocoa flavanol-
containing diet for 3 months. A high-flavanol intervention
was found to enhance DG function, as measured by fMRI

and by cognitive testing.

flavancl




USA, COcoa Supplement and Multivitamin
Outcomes sStudy (COSMOS

COSMOS will enroll 18; women and men na)onwide, making it the largest
dietary intervention study to evaluate the health benefits of cocoa flavanols and
a multivitamin.
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Colombian High Flavanols Cocoa
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Available online at www.sciencedirect.com

. . Journal of
ScienceDirect Nutritional
Ll Biochemistry
ELSEVIER Journal of Nutritional Biochemistry 61 (2018) 33-39

Short-term supplementation with flavanol-rich cocoa improves lipid profile,
antioxidant status and positively influences the AA/EPA ratio in healthy subjects

Sergio Davinelli*™!, Graziamaria Corbi®!, Armando Zarrelli, Mariachiara Arisi¢,
Piergiacomo Calzavara-Pinton?, Davide Grassi®, Immaculata De Vivo®, Giovanni Scapagnini®*
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Mediterranean Fashion: a treasure of functional food G, Uz

DEGLI STUIH

~I,;&_,i" nEL MovsE

Public Health Nutrition: W8A), 11361140 DO 10.1017/51368980007668530

Importance of functional foods in the Mediterranean diet

RM Ortega*
Departamento de Nulricién, Facultad de Farmacia, Universidad Complutense, 28040-Madrid (Spain)

Submitied 18 April 2006: Accepted 26 November 2006

Abstract

Objective: Analyse the importance of components of Mediterranean diet in functional
feeding.



BMJ 201434906674 doi: 10.1136/bmj.q6674 (Published 2 December 2014)

Mediterranean diet and telomere length in Nurses’
Health Study: population based cohort study

CLUE] OPEN ACCESS

Marta Crous-Bou postdoctoral research fellow' research fellow”, Teresa T Fung associate professor’
adjunct associate pmfessar", Jennifer Prescott instructor in medicine’, Bettina Julin posidoctoral

research fellow’ research fellow®, Mengmeng Du postdoctoral research fellow' research fellow®,
Qi Sun assistant professor'*, Kathryn M Rexrode associate professor’, Frank B Hu professor'**,

Immaculata De Vivo associate professor'®

Results Graater adherance (o the Mediterranean diet was associated
with langer telomearas after adjustment for potential confoundars. Least

squaras mean telomere length z scores were -0.038 (SE 0.035) for tha
lowast Mediterranean diet score groups and 0.07 2 (0.0.30) for the highest
group (P for trend=0.004).

Conclusion In this large study, greater adharence to tha Mediterranean
diet was associated with longer ielomeares. Thesa rasults further support
the benafits of adharence to tha Mediterranaan diet for promoting haalth

and longewvily.




Brain Behav Immun. 2013 Aug;32:159-63. doi: 10.1016/j.bbi.2013.04.005. Epub 2013 Apr 19. | | S E \ E R |

Loving-Kindness Meditation practice associated with longer telomeres in women.

Hoge EA1, Chen MM, Orr E, Metcalf CA, Fischer LE, Pollack MH, De Vivo |, Simon NM.

Relatively short telomere length may serve as a marker of
accelerated aging, and shorter telomeres have been linked to
chronic stress. Specific lifestyle behaviors that can mitigate the
effects of stress might be associated with
longer telomere lengths. Previous research suggests a link
between behaviors that focus on the well-being of others, such
as volunteering and caregiving, and overall health and longevity.
We examined relative telomere length in a group of individuals
experienced in Loving-Kindness Meditation (LKM), a practice
derived from the Buddhist tradition which utilizes a focus on
unselfish kindness and warmth towards all people, and control
participants who had done no meditation. Our results offer the
intriguing possibility that LKM practice, especially in women,
might alter RTL, a biomarker associated with longevity.




Annu. Rev. Clin. Psychol. 2018

N ANNUAL
Stress, Telomeres, and Psychopathology: Toward a Deeper l: REVIEWS

Understanding of a Triad of Early Aging
Elissa S. Epel and Aric A. Prather

Telomere biology
(low telomerase, greater telomere attrition)

Genetic differential
vulnerability to stress

AV 1l

High levels of
stress exposure

Depression

The triad of stress exposure, depression, and telomere biology

The most consistent and well-established relationships, from both longitudinal studies and
experimental animal studies, show that greater exposure to major life stressors, especially early in
life, leads to a greater rate of telomere attrition (as well as likelihood of major depression).
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The nature of individuality

Differences between individuals are known as
polymorphisms

Single nucleotide polymorphism (SNP) = a swap of
a single letter in the code

May make the protein product work more or less
well

> More than 1.5 million SNPs known in the genome

Estimated 200,000 in the gene sequences alone
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Do we know enough? A scientific and ethical analysis of the basis
for genetic-based personalized nutrition
(renes Nutr (201 3) 8:373-38]

UIT Gsorman * John C. Mathers * keith A, Grimald -

Jennie Ahlgren * Karin Nordstrom

The goal of personalized nutrition is not to substitute the official
guidelines but to enhance or modify them for the individual
where there is available evidence to do so. This is not a new
development, but a practice that is old as the guidelines
themselves: overweight people are advised to consume fewer
calories than the recommended intake; Ilactose-intolerant
individuals are advised to avoid or limit their intake of fresh
dairy products; now, we have the opportunity to consider
the evidence from gene—diet interaction studies.

Nutrigenetics is part of the information that contributes to personalized nutrition as a
whole. Where there is supporting evidence, it should be added to other phenotypic
information (such as health status, ethnicity, and gender), and genetic evidence
should be assessed at the same level as phenotypic evidence. Preliminary studies
suggest that including genetic information may be useful in several areas of health
management. There is good evidence of some clinical and personal utility with
respect to genotypebased personalized nutrition, and this should be made more
widely available to allow individual decisions to be made.



The Food&Me project looks to address the fundamental question of how we can best use
our current understanding of food. genes, and physical traits to design healthier diets
tailored for each individual. and to analyse the opportunities and challenges in the field of
personalised nutrition.

Food&Me will explore the application of individualised nutrition advice. It will also
investigate consumer attitudes and produce new scientific tools for implementation.



DNA Methylation: Essential for Normal Functioning of an Organism

5. Methyl group attach
to specific sites on

1. Ingestion of the DNA strand

nutrients
/ 2 - j ._h'i:. : : i : \ - Nucleus :'_:..
{ o N e , : Tightly coiled
| ' = y DNA strand
L |
.ff M““"ﬁll :
o = 4, Dietary methionine,
(* B folate and choline
j o enter the cells
.'llll ‘
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marrow
\ AN\
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3. Nutrients absorbed |
by small intestine |
and transported via |
the blood streamto | |
cells in the body :

6. DNA methylation in promoter region down-regulates and
silences gene expression. Cell division is supressed

MTHFR variant genes are commeon!

MNormal &77 variant &77 variant
&77 heterozygous homaozygous

41% 15% J




World Rev Nutr Dier. 2010 : 101: 73-83. do1:10.1159/000314512.

Choline: Clinical Nutrigenetic/Nutrigenomic Approaches for

Identification of Functions and Dietary Requirements

Steven H. Zeisel

Mutrition Research Institute, Department of Nutrition, School of Public Health and School of

Medicine, University of North Carolina at Chapel Hill, Chapel Hill, N.C_, USA

Choline, a nutrient found in many foods (especially in eggs, milk and meats), is important for making the neurotransmitter
acetylcholine; for production of the membrane phospholipids phosphatidylcholine and sphingomyelin; and it is an

important source of methyl-groups.

Control of
phospholipid
concentration in liver

and blood \ /
Svnthesis of

CHOLINE — iI'I-lL‘E'{'I"'Il cell

/ \ messengers

Methyl group Acetylcholine
donor synthesis

and sphingomyelin
svinthesis

Phosphatidvicholine

Liver and Eggs
Top the Chart!

Mutton

Pork Loin{——
Bacon{—/——2

Wheat Germ
Turkey Heart
Turkey Liver
Raw Eqg
Chicken Liver
Veal Liver
Beef Liver

0 100 200 300 400 500
mg Total Choline per 100 g Food

MTHFD1 rs2236225

GI958A

4

MORE CHOLINE IN THE DIET
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