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When and how much to eat

Seong Gi An. MD

Seoul Central Convalescent Hospital

Three meals plus snacks daily
Teas hecome the norm during the past half-century,
such that a mujority of American children are accustomed to this eating pattern.

Proc Matl Acad Sei U S A 2004 Now 25, 11473 1664753

many myths and presumptions
concerning diet and health, including that

it is important to eat three or more meals per day on a regular basis

Proe Matl Acod Sei L) § A 2014 Moy 25, 111475 16637-53

Specinliv

mall/narrow miche
Lienited unigjuee thet requirements .
More Tikely o suffer from habitat loss und be

Does not folerate environmental

| Commondy found in stable climax communitics

Examples: koala, giant panda, walrns:
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Individunl Nutrient Approach

Nulrients & hivactive compancnts
strag evidence for preventive elfects of vilamin
E, B vitamins, and m-3 fatty acids amd

deleterions effects of saturated ft on dementin

specific fonds with eyidence of nevroprotection are green leafy vegetables, other vegetables, bervies, and seafood.

=Lt

Whale-diel Approach

Dinet partem study
hetter adherence o 0 Medstermanean dict &
associated with less cognitive decline, dementia,
o8 Alrheimer disease

Adly Mum 2015 Mar 1360215448
Ann N Y Acad St 216 Mar, 367011 51-7
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Green leafy vegetables (like spinach and salad greens i * Bed mear; mone thim four servings o week

an beast six servings a week
= Other vegetables: al least one o day
Muts: five servings a week
Beries: twa or mare servings o week
Beans: a1 benst three servings 8 week
Whale grains: three or more servings a day
Fish: once n week
Poultry (like chicken or trkey ): two times 3 week
Cllive ol wse 1t s your main coaking ol
Wine: one glass a day

Butter and =stick margarine: more than a tahlespoon daily
Cheese: mone than ane serving 2 week

*  Pastries and sweets: more than five servings a week
Fried or fast food: mone than one serving 3 week

DASH tion fior snerntive Deliy

MIN

(Imvestigators at Rush University)

DASH | Dietary Approaches to Stop Hypertension )

3 — L. )
H*He=le 3}
AT TR E)OIL CHOl O SR 57 Ot 2F
HASZ M HeEL YN 2EERFUSHOREFHNEDE

FUS EISE & 20T

Brum v

HAEHAE SR U=IN
(HEOIHE & HUOR-E)

o
rn’
() Wher Wiy Homw
s Hels
S OHE, H - L 166 BbS
Pavebosomatic medicine, Mind-body medicine. Body-orsented peychology,
“Whalenss wnd Interconnteciednes™
FUSESE & A0 PASERICZ g Aot
Dowmstresm vs Upstream One Disease vs. Multiple Degenerative Diseases
BB A A E TR HLIH SEDE Old People vs. Aging Process
Mix 4 — CSFAR,
i Aging > Disease [=> Death
—— - PG PET g .
Cognitivi impairment S i ecdar
£ ’ : Danage
H
3
£
thrisskd
Delay Upstream Prevent Specific Treat Specific
i ——— Effects of Aging Diseases Diseases
Tee [l Neurologs, 12
Midlife & Lute-Life Risk Factor s atvligy, 12 i 1 Geriatrics
pstrearm Davwhstreain

“CSF Acbetn, Amyloid PET™

“Tam or phaspha-tau, FIAG-

Sierra F. Aging Med (Milton). 2019 Oct 10:2(3):132-134.
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FUE ERICE @ 20
Aging vs topmental Growth
Dhiscase vs. Health

Lite Course Health Development:

CONC OF GEROS( CE
AND TS APPROACH 10 AGE-RELATED DI

Halbmarks of agaieg e st o wa A New Approach for Addressing Upstream Determinants of Health and Spending

» Siam ool ebausticn o » Dinetos ik

* il jemabiiny " o, ko i Dbty
Eanes and :m‘mm, [T —— Wsrtality o = - : ;
ca + ot f potecetacis Ageing o a—— Gtk Figure o Risk Reduction and Bealth Prometion Srategies

* Casmgulatect i sinsig * Saroparin nfhuence Health Im|npl!n1

= Mifschoraisl dhpafunction o Cantear

 Catim senmscance * Macidir dogeneration ard glaucoma

Disease-specifio * Dstecarthritia
sk faciors

Aging is the major risk factor for cancer, cardiovascular disease,
diabetes, and neurodegenerative disorders.

nasonsl hedh oot
siteriion o ¢

dsnisa by ey e st g 5ot .l it U T e ST T e %

Nature. 20149 Jul: 37177641 183-102

r the onsel of

“at poe’s pleasure” or “as yoa desire”

AD LIBITUM
SOCIETY

Calorie & Time

L =Ropif ]

Hign B 7 & 2O
Py 2H HYHUO URUH E NE S WEE e 830 35 BOFACLE HAUD

(Greatest Ape)

lisulin Resistanee, | Pereentage ncrease b

Galnbesity, Diabesd v Ty pe 3 Diabetes. | SO0 BEI=

Tmieenil Searvation, YW YT EYE FOTE T AR A0 FAUATE 4
LICH

Hangry Brain = 21 Centary Braln

o " Home HoMo
ERECTUS SAPIERS TIABETES
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(Lifie histary evalutic

r hoth nien amd wontes
over the last few d

Human height
el i true of every country in the

210 MDY B

fusrin e petat thousane vears
pently punctasted by

fiscases, famines, o

hag oo tiliry 1 death rages

S0 JH R =S (S S ..
s 2, & YOI HEN0 2EE P=D YO, EeCiei

" -
] 840 1850 1960 197 1900 %0 2000 o 15 840 1850 1960 197 1800 %0 2000 2010

34 M 36 OR

The effect of retarded growth upon the length of
ALy CHE Criell ME, Mirya

e span and upon the ultimate body size.
1 M (335 04570

T lifie spean of vats can be exténded with
it that is low in calories bt ad: i i il

Dl S OS2I 00K HHE B IPE S oS B

Cynthis Kenyom., Lennard Gusrente. David Sinclsir
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Tabie 2. Charactesisties of ths Unive

ity o Wisconsin s WA DR Monkay Shedes

Umiversty of Wisconsin Hational Isttute on Agma
Fihwacs mankeys | e B gy T )
Toanehis; crign of monkays Inda s and india
Age m bazekne al sk Arverdie 211 m, 201); adoimscent 20 m, 201t
o 20 m, 201
Housing anga coged skl caged
Fusorizton TOR 1 cartred 1 GR T cmi

309, rsaciion Fom EL FUID Wens basea
Indvidaty o NREC goideines

B —— comrbed dkotrent o docd i iy 19 ok
oty | ~E¥-t0% CRy

Adaat nattems fronmng meal; ps 100 fcal ibagraon of foed ‘o a day
at latn aftwmoan
Sow " il fontn b e ioamco- vl dell
R delnyed disease anset and martality (33 Imiprovements in the health of CR animals
with L9-Fdd Iiscreased risk of disease and 3.0-fold T did ot reach significance (P14 0.06) amd suirvival was
imereased risk death for consrol animals compansd mol signi v different bet brod-Fed
with CR onimals and CR monkeys in their cobarts:
mankays
¥ tr aach animal 1 Wi nef yaa

WRPRC: J1E MEIE HE:
NiA B DS I a8

HE 20|, A ¥ EHE EW0| BE2US 0 (WIRE)
ENTIEE TR 8F WSBNE SN0 M DI LUE)

o lomgevity iet: fram
Fontana L, Partndge L Cell. 2085 Mar 2616115 106-1§

Caloric Restriction reduces Age-Related and All-Cause Mortality in Rhesus Monkeys
Coiman &), Bl THL Kmmnes IW, Sohsasm SO Weindroch 1L, Anderson RM Nt Comman 304 Age 151557

A comparison of body weight of contred animals from both studies witly cach other.
and against data collected in o mubi-centred relational dstabase of primate ageing, suggests that
the NIA comtrol monkeys were effectively underzning CR
O data indicate that the bemefits of CR on agelng are conserved in primates.

a Age-tmiaed mortay b Abcaas mosaity o b
PRy voy  Maes Furben .
= N . Bk £ o

;) b 3 i M, g o=

E b L] Wi . s . B

2 £ W g g

Ew i ] x

£ | -coma F E ‘ % o

—oR o % £ -t
' . 8 ]
1 15 0 = 3 38 ) e P

i frear) A frears) | yoaen_yeans_puars_yuars

CR delayed the onset of age-associated pathologies.
Specifically, CR reduced the incidence of dizbetes, cancer, cardiovascular discase, and brain atrophy.

Seience. 2009 Jul 1032535372014

Conserved Nutrient Signaling Pathways Regulating Longevity

- Mammals
e
T

o i A i,
(el Sy Sl ol SR
S -.,-t\ \f i [(‘u.[..b._

The ability 4 sense ad respond Insuin or
o Auctuations in environmentol nutrien levels is a requisite for life, Gucoes i Acids '““';m *
5 |

= NSPs like bsalin TGF-1 mTOR and sirfuins,
play & central role in the modalation of lifespan
in various organisms, Their modulation
imfuences aging and longevity processes,

= A present, dietary interventions represent the

anly possibility to modilate aging. with 2 non-

tmyasive method.

Mutrncenticals hove already been identified os

possible modeeules with hioactive effects on agimg

process,

+ Dirigs o supplements may hald thse ey to the
Tature creation of o longevity el

Fxpert Opin Ther Tasg

2017 Apr2 1453
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Horman:

Aghng is a contimuathon of developmental growih

&9 Euks &S s
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o8 b S

and sirtuin pathways, can provide the melecular hasis for the associntion between lifistyle and apeing

Commun Biol. 2020 Apr 2:301):157

Tabie 1. Intorventions Extending Mean ard/or Moximad Lifespan in Wid-Type Mice Fed Bormal Chow
Wi Livepar N L Man Mschmism of Achon

Dty Intarvntions

Calorie restriction e rem | Pulniect-nersng patays
Inammeitiant taating, Lisd il L IR ENAND PATRIE
Profein rearicton m e | rutners-serming patreays
Masmaning sesniotcn s s | nutaré-sensing parays
Tryplognan restrction ves e | nuiriers -sensing patars
r health and bengevity hrosgh dier: el oo huurrnss. Fouma L Parridge L. Cell 2015 M 26:161011:000-38.

Lesa practical

HENEHE FHZ B BT EE

2iht oE 2100

R
a umiversal Hfespan increasing diee

utrieit Sensing Pathwiy Maore practical

Chronic CR Intermittent Fasting Chronic TR

CR-mimicking Lifestyle Strategics

CR-Mimetics
(Pharmsceutical Nutraceutical

Interventions to increase healthspan and/or lifespan

Intervention Target o process Major effects

Rapaingeln i :i:;.&?::?uu“m:-‘z\\uu;lmuw il dhugs. Husnam clinical trisks with spssiyin m
by il A :-‘:’::.’::Jﬂ:‘::::}T::ﬂf::;‘..‘;ﬁ;hU“"E clivcal ks in hueman d
MAL precursars NAL metnbol i anienal modsls. Supph wynilable for uman

< o clinical inals fave bezn reparied vet

[ . -

but nned nesults in bumars,

Biruin-sctivating sonpopeds. Sirain SRT2104 may i it bevond nitignhng some ape-assocised condities.

Associated with incressed lifesgan m human patients with diabetes and docreise

Metfurmin Mitochondrinl respiration i sk af cancer TAME trish is plansed (o st effects in individuals without diab
eles

e ki, Assixcaled with reduced risk of age-selited di praved quality of Kt

mcreased lifispan in beenas

Severnl targets, Enbanced Hlisgan and prolection fron dissse in worms, flics. mice, rats and o

Chabohisiladles inchuding mTCR s siruis 1) Associnied will factars far disease im fumans

Pdatare. 2009 Jul: 57177640 083-192.

S0 & & 2121047

3 HH

T ——

affects many physiolegical systems. mproves glucose and far homeostnsis, redisces Ic\cl of insulin. amd increases
insutin sensitrvity {Fontana & Klein, 2 Masora, MeCarier, Katz, & McMahan,
delays aping o redoces the incidence of many discases including cardiovascular diseases, metabolic disorders.
anel cancer { Andersin & Welndruch, 2007)

affects several signaling pothways known to be associnted with ||g|r|L and mesnbolism: [GF, mTOR, AMPE, and
sirtuin signaling {Balasubramanian, Howell, & Anderson,

fetiZArstS| 2020 M39K} FA eS| - 22E -
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15% ~ 60%

Caloric intake can be restricted in a vnnety of ways:
CR. limitation, or duced restriction.
Percentage of restriction of total calories spans from mild (15% energy restriction) to severe (60% restriction) (1-4)
and can be supplemented with physical activity (1. 4, 5). Alternatives for CR include changes in the proportion of
ients, such as hyperproteic compared with hypoproteic diets (6), or ketogenic diets with a high lipid. low
carbohydrate content (7-9).

In monkeys from the Wisconsin National Primate Research Center (WNPRC), 30% lifelong restriction was sufficient to

cause a 50% reduction in neoplastic events, gastrointestinal adenocarcinoma being the most common (25). Similarly, CR

at a young age (30% restriction) reduced the incidence of cancer in monkeys from the National Institute of Aging (NIA),

despite great genetic differences between them and the WNPRC monkeys. Overall, chronic CR has been demonstrated to
be an effective dietary intervention for the treatment of many noncommunicable chronic diseases.

Adv Nutr. 2019 May 1:10(3):520-536.

CRON-diet (Calorie Restriction with Optimal Nutrition)

I 1594, Birinn M. Delaney, Lisa Wabord, and Koy Walford, along with sevesal athers, founded CR Sockety Internatsonnl

Thasgihors 1
8 20 - R T

g e ik ooy’

Low-calorie diets

*  5:2deer: on miermseent fasting deet popalarized by Michael Masley in 2012

Inlenmltcm tasting: Cycling between non-fastmg and fasting as a method of calorie restrictsn
calone-contsol diet, promated as part of the 1 2-week By e Life program,

Coakie digt: A calarie control diet in which low-fil cookies re eaten o qquel] bunper. often n place of o meal.
The Hacker's Diet: A calorie-control diet from The Hacker s Diee by John Walker. The book suggests that the
kvt renching and mamtaining the desired weight is understanding and carefully monitaring calaries consumed
and used.

Matrisystemn diet: The dsetary element of the weight-lass plan Trom N 2
low-galorie meals, with specific mtics of fats, prodeins and carhohydrates.
Welzht Watchers dict: Foods ane sssigmed point values, dicters can eat any Tood with 2 pomt value provided they.
sty withim their daily point limit

?

, Ine. MNuts tem disiribales

PRACTIC

CALTERNATIVE TO CHRONIC CALORIC RESTRICTION

Caloric Restrietion — Imtermittent Fasting
mter\-s]sod intermeal fasting per cincadian period

amjasng
&=L 'CJFDQ
IS EEEEREl

Autophagy
[ Cell = Cleaning System™)
mtervals of intermesal fasting per cireadian period nnd induce natophagy.
Belgian hiologist Christlan de Duve,
| Mabel Prize in Prysinlogy or Medicme in 1974

Japancse cell biologiss Yoshinord Ohswmi
Nnh\.'l Prize in Physiology or Medicing in H!Ih

G Cell, 2017 Sep 2; 1465y 68295

m..
Ctosctic chapeimos

cumpes ) 'x:/ \igu,,,,...-

[L——

[T e—

Eysonal

Proteolytic systems in mammalian cells

Heterophugy
Enducytasls

Macrmautaphagy

Micrasutnphagy

Chapersne-mediated sutophags (CMA)
Ubinuitin-proteasome system (UPS)

Amtophagy and Neurndezeneration; When the i

W pnes on Strike.
artines-Vicznn: M. Cuervo AM. Lancet Neural. 2007 Aprai4p 32461
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Autophagy is the major intracellular degradation system
by which cytoplasmic materials are delivered to and degraded in the lysosome.

The purpose of autophagy is not the simple elimination of materials,
but instead, autophagy serves as a dynamic recycling system that produces
new building blocks and energy for cellular renovation and homeostasis.
Autophagy’s role in metabolie adaptation, intracellular quality control,

and renovation during development and differentiation.

Cell 2001 Nov 11147472841

Approximately [%

o 0 cellular proteing

wre catabolieed pee hoor by sutophagy, even under mosend=rich conditions in the liver
Nevertheless, Aoy the uatity-contrl
machinery fiv STTIEL LORT s crucial for
homesstasis of virlous postmitotic cells, such a3 newrons and hepatocytes
Cell. 2001 Nov 11:147(4):728-41
While MA (macr hagy) is the most {iste responder to starvation in many cells

—with an activ preak at aroond & hoors —
nced setivity by 1 e of starvation

wetivation by 36 hr

) exhihiz

Am T Physiol. 1955 Nov: 26005 Py ERC1200-8. Eur ) Biochem. (995 Feb 1:237(3):752-800

| 2 evidk supgests that a low-calorle diet might be a adjuvant th i strategy for
| i of AL thraugh the induction of nutophagy

slowing or the i

Calorsc restriction Calorie restriction mimetics.

Yang ¥, etal, Food Funet. 2020 Feb 26:11(23:1211-1224
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Yang ¥, etal, Food Funet. 2020 Feb 26:11(23:1211-1224
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Isocaloric Twice-a-day (ITAD) Feeding Model

Iaccaioric Twice-a-day leeding —
A Sty
|, | PO e e
e Aty | {
o  {ra i - § ey |
v v /
Hunchegy ven | Ear NS
[rr—— S ==
Lot | i | WS e
R I [ -
§ e e
T e e 4 e bow
# Gty pures

o lspcaloric twice-s-day (1TAD) feeding impacts autophagy n maltiple tissues
crse metabodic hemefits in multiple fisae systems

age- and obesitv-nssocinted metabalic defects

y comtrihudes to distinet benefns of TTAD feeding

ell Metab. 2007 Dec 5, 26i6)856-87
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How many When External 24b Light-Dark Cycle Endogenos Clreadian Rhythm
% DF L—l a % )Jl ? @ Hl Ef % D}? “FREE RUNNING™
CR&IF TR [ ot Zeitgelier ] SN (Mster Clich) |
ENTRAINMENT
SYNC Bithy
THE RATE OF LIVING THEORY SLEEP & CIRCADIAN RHYTHM Notphotic Zedtucher ————{ Peripheml Clocks
OXIDATIVE DAMAMGE THEORY FASTING & AUTOPAHGY + Sloop-Walke Cyele T
- Plysieal Actnity | ———— .
= Social Tk
- Menls - —'! Cellular Chocks
Caboric Restriction

Time Restriction

(28 A SOl ES TR

Nt Rev Rhevmiol 2005 Jan: 1163498
In muringe models, time-restricted feeding resets the hepatic circadian clock and
enhances transcription of key metabolic regulators of glucose and lipid homeostasis.
Gastroenteral Res Pract. 2017201 7:39324%1

Calorie Rest

tion or Time Restriction
Time-restricted feeding (TRF), Calarie Restriction (CIL)

where food access is restricted to 8 hr during the active phase, Wasermittent Fauing (IF)

without changing the overall caloric intake or nutrient composition compared to ad libitum @ Li et
. a0

Circadian rhythms have evolved and permit organisms
to effectively respond to the predictable daily change in the light:dark cycle
and the resultant rhythms in food availability in nature.

Time Restriction (TR)

Periphernl Circadinon Rhythms

Whereas light is the dominant timing cue for the SCN oscillator, time of food intake (Hormaries, Metabolid Pithivwaye)
affects the phase of the clocks in peripheral tissues (15), including liver, muscle, and adipose tissues. i

Three meals plus snacks daily has become the norm during the past half-century, such
that a majority of American children are accustomed to this eating pattern. P T
Proc Natl Acad Sci U 'S A. 2014 Nov 25;111(47):16647-53 Increased Longevity

Aging {Albany NY) 2000 Dee 11,2015 7-27

“4h ws Bh Time Restricted Feeding in adults with ehesily o g o) EHIER
e A

- CR (1Y 24) - TR - TR+IF

A ekl brlartbon o iy

Savr eryren
oy B BT, va e

e e s tee e AL Bt 2020 Scp 1:32(3):366-378

§ 60 TREF indice mild reducrions i bedy w
luiss, Theeses diels muy alen improve same aspe

1 B weoks
ardiametabolic henkh
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Diespite the wedl-known benefiis of chronic CR,
long=term energy restrction is not likely 1o be o fexsibie healthy lifistyle strategy in hamons
due to poor sestained sdberence, amd presents sdditional copcems if applied to normal welght older adults.
I Physial, 206 Dec 1550424, 71777195

AR ..

Motably, early CR onset may cause o different and even an opposite effect on phvsivlogical sulcames
in nnimal models such os body weight. Furthermore, CR directly offects the BNA methy lntiondemetiylation cvebe,
histane and protein modifices like SIRTS, and miRts, h the adaptive amd long-lasting response.
Tending 1o mereased lifespan and health span
Adv Nuer. 2019 May 1:10431:520-336.

SENSITIVE PERIOD & DEVELOPMENTAL PLASTICITY

it rtury
Life Couras Health
{
Synihesis
FVI TN ETF COSCEFTLAL MODE

OF HEALTH DEVELOPMENT

Plabanal B
Gabext Suckes

Surebval (%)

Wasiiglation il %)

Adv Nutr, 2019 Muy 1;1K3)1:520-536

Dietary ion in Mice Beginning at 1 Year of A;

The Effect of Retarded Growth upon the Length of Life Span and upon the Uliimate Body Size.

—

MeCgy CM. Crowell MF, Maynard LA, 1 Nutr, 1933;163-79,

Switch in Use of CR
from a focus on Development to Aging

Ry Lee Walfard | 1924-2004 )

Welndruch RT Walford RE

ence. [UR2 Mar 1221543381 1415-8.

fect on Life-span and Spontancous Cancer Incidence.

Young, healthy individuaks achieved 15% CR and § ky weight loss over 2 vears
Energy expensditure (24 hr and sleep) was reduced bevond weight loss
Chiclative stress was whio reduced supporting two leng-standing theories of aging

Cell Metnb. 2018 Apr 32704 1:805-815.04.
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Samertie caaes companed to all sthars
Eiffarancain trajectory, 200001

1 Mrhamankae 129, H darmantis iress2070, N ohisrticnss82306

LIFESTYLE MEDICINE: TREATING THE
CAUSES OF DISEASE

Matk A- Pyarean, W1 Dan Orsdialy, br: Michsel isieen, wn

Maark A, Hyman, 3, is s contribiating efitur of Aberastier

tices o o ialily-

i | eidcstion o uactive, 10 shauld b the
care spvtem
L wmmmm.mﬂ New Yok, New Hu e, e cevpun “EVIC atady bl b he
. e , the b i s 4 wimple beteiirs iat smnking. evemsing 1.5 bowm & week,
) 28 24 20 6 a2 B - o mnldplﬂmwdmedkmnthlnlmn'o(wnﬂh. waring 3 h-wn- ﬁib.npuhs Ewany, whade graini,
k. Yeses prioe 10 et iagrash an Francisch. Michjual Baleun, Wiy i s, s, ek ol e, il sl siing o
Aderm Pl ke M 20081505121, N dabetes, 1 0P of stribist, and 3%l
aﬂuuammnd 2
Furopean Prospestive Inve Subrition {FTC 1y is ame af the largest cobort stindies in the world
with mewe than hall o s recruiled acrm: wroean contrics and follewed for abmost 15 years
VR8¢ Oibesity Reviews |8, 129-130, 2017
Scientific + Empirical Recommendation
Rl 20t K& 2A 01T}
LAfe Consrae Approach
+ CR with Optimal Nuf n (Macronutrient Restriction without Micronutrient Deficiency)
* CR with Ideal BW
* Slow and Cold Life
+ TR
* Food consumed for < 10h per day
+ Skipping breakfast or dinner
1 W « No snacks esp. night snack
- - « No healthy late-night snacks
+ Sleep as most Effective & Efficient Fasting
* Total Sleep Time + Fasting Time at Day = Total Fasting Time
Midlife Risk Factor Control + Mild to Moderate Exercise
_  Stress Management and Relaxation
K Slow for Metabolic Adaptation j
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+ CR 20--30% + TR {12-21
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Withoat Malnutrtion & Chronic Inflammation
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