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Basics of Exercise Metabolism for Health Care
Professionals

Mortality ratio

BMI and Mortality

Cardiovascular
gallbladder
diabetes mellitus

25 Digestive and
pulmonary
disease

e Men
o Women

20 25 30 35 40

Body mass index (kg/m?)

Bray and Gray, West. J. Med., 1988

What is your metabolic scope?

25-30 MET;s

3-4 METs

= MET (Metabolic Equivalent) is the resting metabolic rate (3.5 ml/kg/min)

= Good way to express exercise intensity.

= Low-intensity: 3-4 METs
= Mid-intensity: 6-8 METs
= High-intensity: > 10 METs
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Figure 95. Relaiionship between body mass and oxygen consumption
measured during submaximal, brisk treadmill walking, (From Laboratory of
Applied Physiology Queens College, NY)

Copyright ©2001 Lippincott Willams & Wikins McArdle et al., Exercise Physiology, 2004.

Metabolic Rate in a Resting Men

= MR (kcal/min) = VO, (I/min)
(Caloric Equivalent for the RQ)

= MR (kcal/min) = 0.25 (I/min)
(4.82 kcall/lO,)

= MR (kcal/min) = 1.2 kcal/min

RQ = 0.82, 40% CHO & 60% Fat
Typical of Metabolism on Awakening in the AM
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Determination of Respiratory
Quotient (RQ = VCO,/VO,)

mFor glucose (a sugar)
C¢H,,0, + 6 0, — 6CO, + 6 H,0
RQ=6/6=1.0
mFor Trioleate (a fat)
Cs;H,0,06 + 80 0, — 57 CO, + 52 H,0
RQ = 57/80 = 0.71

Non-Protein RQ and Substrate Partitioning

RQ % CHO % Fat

1.00 100 0

0.95 84 16
0.90 68 32
0.85 51 49
0.82 40 60
0.80 33 67
0.75 16 84
0.71 0 100

Zuntz and Schumburg, Modified by Lusk, 1924

Combustion of Foods and Body Stores

Food/ kcal/liter O, kcal/gram RQ
Body Store

CHO 5.05 4.2 1.0
Fat 4.70 9.5 0.70
Protein 4.50 4.2 0.80
PAon 4.82 0.82
Mixed Diet

Starving 4.70 0.70

PA is Postabsorptive

Metabolic Rate in a Resting Men

= MR (kcal/min) = VO, (I/min)
(Caloric Equivalent for the RQ)

= MR (kcal/min) = 0.25 (I/min)
(4.82 kcalllO,)

= MR (kcal/min) = 1.2 kcal/min

RQ =0.82, 40% CHO & 60% Fat
Typical of Metabolism on Awakening in the AM

Metabolic Rate in an Exercising Man

= MR (kcal/min) = VO, (I/min)
(Caloric Equivalent for the
RQ)

= MR (kcal/min) = 4.0 (I/min)
(5.05 kcall/l O,)

= MR (kcal/min) = 20.2 kcal/min

RQ=1.0,100% CHO
Typical of Hard Exercise

Question: If the Preceding Data Were
Obtained on the Same Person, What
would be His/Her Metabolic Scope?

m Resting MR 1.2 kcal/min

m Exercise MR = 20.2
kcal/min

= Metabolic Scope = 16.8x

What was the Metabolic Scope of
Olympian, the Obese, and Heart Patient ?
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The Fick Relationship of
Oxygen Transport Use

VO, = Q (a-V)0,
Q = VO,/(a-V)0,

where: \.IO2 is O, consumption
a is arterial O, Content
v is mixed venous O, Content

The Fick Relationship of
Oxygen Transport Use

VO, = Q (a-v)0,
VO, = Flow (O, Extraction)
VO, = fVs (a-v)0,
VO, = (Heart Rate) (Stroke
Volume) (O, Extraction)

Why VO,max is Considered to Be
the Standard of Physical Fitness

Medicoclinical
Perspective

Exercise Physiclogy
Physical Education-
Athletics Perspective
Physical
work capacity

Freedom from
cardiovascular disease

Cardiovascular
capacity

Cardiovascular
capacity

Vo, max

H

Physical Fitness

Brooks et al., Exercise Physiology, 2004.
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Figure 1-7 Relationship between g 1
oxygen consumption (Vo,) and exter- S [

: ' "
nal work ralte (pcwer output). In re- g V Maxmal Maximal
sponse to incrementsin power & 1 untrained rained
output, both trained and untrained in- 1 werk work
dividuals respond with an increase in 1 capacity capacity
Vo,. The greater abiiity of irained indi- ;
viduals to sustain a high power out-
putis largely due to a greater 0

maximal O consumption Vo, ma). External power output —»=

Brooks et al., Exercise Physiology, 2004.

Relative Changes in Concentrations of Phosphagens
And Related Compounds
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Spriet, Howlett, and Heigenhauser, MSSE, 2000.

Definitions of Metabolism

m Functional: the sum of all
transformations of energy and
matter that occur in a living
organism.

m Operational: rate of energy
turnover (heat production).
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Metabolism and Heat Production

Respiration
Foodstuff + 02 ——> ATP + Heat

l Cell work

Heat

Measuring heat production (Calorimetry) gives the metabolic rate.

Measurement of Metabolic Rate

m Metabolism is the rate of heat
production.

m The calorie (cal or kcal) is the unit
of heat production

m Measurement of metabolic rate is
referred to as “calorimetry”.

Techniques of Calorimetry

Foodstuff + O =———> Heat + COz2 + H20

Indirect Calorimetr;\ / Direct Calorimetry

Measure either

m Direct Calorimetry: Measuring heat production is
very difficult with difficulties in determining both
heat release and retention.

m Indirect Calorimetry: Measuring something directly

related to metabolism (e.g., O, consumption or
CO, production, N, balance).

Metabolism ———— Calorimetry

7N\

Direct Indirect
O2 consumption Carbon and
/ \ Nitrogen balance
Open Closed
circuit circuit

Utility of Indirect Calorimetry

mLaboratory, Clinic or Field
Applications

m Estimates of Metabolic Rate

m Estimates of Energy Substrate
Partitioning (i.e., % CHO/% fat)

m Estimates of Muscle Efficiency

xercise Physiology, 2004
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=3
=

Metabolic Rate in an Exercising Man

= MR (kcal/min) = VO, (I/min)
(Caloric Equivalent for the
RQ)

= MR (kcal/min) = 4.0 (I/min)
(5.05 kcall/l 0,)

= MR (kcal/min) = 20.2 kcal/min

RQ =1.0,100% CHO
Typical of Hard Exercise

Crossover Concept

100

75

50

25

% CHO or Fat

0

i

al

4

‘A%Fat

- -%CHO

1

Exercise Easier & Long

N

5

5 50 715
%VO,max

hd

100

s 1 2 4
Exercise time (h)

McArdle et al., Exercise Physiology, 2004
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The effects of exercise for frail elderly

O
I

S MeSristu

1 What s the Frailty? ¥ What is the Frailty?

- Frailty is considered to be highly prevalent with increasing age and to confer high risk for adverse

- T N The Frailty Trajecto
health outcomes, including mortality, institutionalization, falls, and hospitalization redets 200 . y Trajectory Pountogin Who
i, T,
I -3
D : Fueton & Com i s
Aging. ]
Senescent 1
______ e s ;
. @'Z‘r‘;“ﬂw NegiveErrg e X, =« | E
Dpuepten [pudequre e W Los / ¥
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Z:‘.‘:—/I / ; &Function
Lo c 4
[Total Energy Expenditure Sarcopenia H
g
H

Dependerce in
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X{A«w xlmﬁm ‘// k
w

Oibin)

",
i,

il hcapectaion
CONTEXT: Physical & Social Emvitonment, Economics, Sawvices, Cukure, Prfereices
Ocpendrey

The Frailty Trajectory ipshorzh 2009)

Cycle of Frailty iFried et dl, 2001)

" Frailty's diagnosis | Epidemiology of Frailty - related to BMI

- Frailty is based on a phenotype of 5 characteristics, any 3 of which mark frailty,
1-2 mark prefail or intermediate frailty i <., 200

Table. Criteria used to define physical faity Acapte rom =red: 1, 2201, pp iz and lton 1, 216) Midlife Obesity and Risk of Frailty in Old Age During a
22-Year Follow-up in Men and Women: The Mini-Finland

Follow-up Survey

One musthave 3 of the § following criteri for raly, 2for intermediate fraity, and 1 for prefrail < 1

Fraity Crteria Male Female Sari Stenholm, Timo E. Strandberg,™ Kaisu Pikili. Pivi Sainio,' Markku Heliovaara,
15 footwalkfime-  |Height< 173 >T seconds Height < 159 i eppo i
| slowness” Height < 173 >6 seconds Height > 159
<2 » W< “r - The common clinical parceotion of frall person is small and thin.
Handgrpstrength- | 82426 <% 3u123.4-28 <73 - However, recent cross-sectional studies have detected a new subgroup of frail persons — fat and frail
(|“weakness™) BMI26 28 <30 3W126.1-2¢ <13
M~ BI>28 <% 3u1>20 il - The aim of this study was to examine the predictive role of midlife overweight and obesity on development of frailty

Unintentionalweight

Graara-an “01bs (454K or 5% Weig: css 11 ast year 1: a2 to istng or exercise over 22-year follow-up
loss-“shrinking™

Phyﬁﬂﬂm,{ e — - Subjects: 1,122 persons (follow-up time: 22.2 years (1978-2001)) - in Finland follow-up survey
m = o 2ged 30-75 years at baseline (median age 42 years)
Ascareof20r 3 e either quzs:or of the GE5.D Cerfertor Epcemizh;al Sudizs Dectessincale CESD - Categery: Normal weight (BMI < 25kg/m?), Overvwieight (BMI 25-28.9kg/m?), Oesity (BMI 2 30kg/m?)

e youz2 this way?

Exhausmnﬂigu}/ How ofienin e ks
N

0= 1351 ="2days, 2= 234 days, 3 = morethen 4 dags
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The effects of exercise for frail elderly

B Epidemiology of Frailty - related to BMI
The association between Body Mass Index (BMI) and frailty

Table 2. Baseline Body Mass Index as u Predictor of Frailly Status at OR = Qdds a0 (Vodel 2 50
¥ Follow-up
0
el
Or 955l R 600 e
Vodel 1 - Adsed for ag= e ecucto, sk ng zkehol 2 phye 500 :
23
100 100 400 <49
146 109,195 bl 128,500 26209
W40 S 3B 300
v - 023
Mol 1+ adusted for hypesnsr, oy e %
s dicbe, oszoen s, fammatory iz 200
10 1% 1 [
145 108,196 499 122,506 o
20 206 LA SR 19D 00
Pre-frail Fral

Notes: OR = s o, C1 = nfidenc inerval (mulinriallogistic
egressonaalys).

Mode! I:Adusd o ge, e, edcaio, smoking acchol
physicl actvity Model 2 Model 1+ aduste for byperenion. coronary
o carfovascle e, i

1. The asocaton betvesn s ody s indes nd iy
fallow-ap bsed on mlinemia o ion s
e s, ccsion,smokin

B Epidemiology of Frailty - related to Frailty Index (FI) and age
Bt
DOLICIOTAINSH) 48914
Frailty prevalence and 10-year survival in community-dwelling
older adults: results from the ESTHER cohort study

Kai-Uwe Saum - Aida Karina Dieffenbach -
Heiko Miiller - Bernd Holleczek - Klaus Hauer
Hermann Brenner

- This study aimed to use the accumulation of deficits approach to examine prevalence of frailty at baseline by
age and sex, and its association with 10-year mortality in & large cohort study of initially 50-75 year old adults
from Germany.

- Analysis: baseline data and follow-up data of the ESTHER study - & large population-based cohort study

- Subjects: 9,888 persons (50-75 years old)

Baseline recruitment: July 2000 - December 2002 in Saarland, Germany

B Epidemiology of Frailty - related to Frailty Index (FI) and age

The association between Frailty index and age

Tab . Study sample characterist cs by 5-year age group
50-54 5559 60-64 65-69 075 o8 “ v
Sample size 1705 1679 2601 2265 545 .
Women (%) 365 52 M2 H3
Elcaion* (%) "
9y 3 9 4 1 1
10-11 years 92 s 07 14 52 =
213 yars 140 135 99 4 97 3
Mamried® (%) %9 80 e e 615 3
B (%) 5
g 04 0 " 0 o H
317 02 uy 2 %02 e
22 4 480 94 304
Obese us 07 259 8 & . el 20030
FrentSD 019205 0B£0M 020 06015 0BE0IS o o8

09 4 36
0e “9 4 o 2 5 - &
% ) [ %
81 50 70
A tlyesr)
*ANOVA o Ch square testwas staisticaly sgnifcant (p<035)
o1 square tetuas sstical sgnleant fp Fig. Age- anc sex spacific mean values of the fa ty ndes by single
+Underv cht EMI<185), ormal rarg ), oeraeight Bl odase (EM230) joar ofage and best ting sex spec i regress or ines

5 generl heclh,difficutes in ADL and IADL symptome

- I (fralty ncex:
s rato of the deficits present divided by the tora number o°

The index s expressed
defits consdred

B Epidemiology of Frailty - related to Frailty Index (FI) and age

The survival probability declined with increasing FI ifil ndes

Men Women
Fralty incex
o o ;
\ (<011
011018
o) Fallyindse qg) e
H AN Jfcon 2 \ %
H f |18z
3 \\ Ylmones 5 W 026037
H moees £
i HE
H
@ d bl 7
[ h\ Wox0y 803
[ ‘\L 1]
LegRakPYabe <(oM ! >3 LigRaEP fabe <1
I
[ [T T AT | V12 45 8 7 % 8w
TreloSven (Vears Time loErent ears)

Fig. Survivel prokabilizy over a L0-year oericd stratified by sex for quintiles of the frailty index
1=<0.11,2=011-0.18 3 = 0.18-0.26,4 = 0.26-0.37, 5 =>037)

B Epidemiology of Frailty - related to cognitiva impairment

Aging Ghanges In Imblance Energy
Phenotypes IS ProductionUtizaion
Compositcn \ "
i — )/\‘/
e Physical and
Cognitive
S _maury
e Cognitive
GaitDisorders H ,;ggm,m
Geriatric
Syndromes

Comorbidity

Urinary
Incontinence

Relationship between aging, the aging phenotypes and the geriatric syndromes (Ferrvecietdl, 2010)

eyt (K) 26 B30 e b i

B Epidemiology of Frailty - related to cognitive impairment i

Association of cognitive impairment with frailty in

community-dwelling older adults
Eun Sook Han," Yunhwan Lee™? and Jinhee Kim'2

wdicine and Publi o of Medicine, Suscon, Republic of Korea

DATA: the 2008 Living Profiles of Older People Survey

SETTING: 25 metropolitan and provincial (urban and rural)
PARTICIPANTS: 10,388 (4,294 men and 6,094 women) 2 aged 65 years living in the community in Korea

Table 2. Odds ratios (95% CI) of frailty status among older adults with cognitive impairment®:
muttinornial logistc regression analysis

N UNADJUSTED ADJUSTED 1" ADJUSTED 11°
2,200 100 1.00
1719 174 (144210
375 451 (3.31-6.15)""
2,593 100 1.00
2,804
607

moggaphic factors - A3¢
bealth behaviors and
" < 0.001

s 275 yaars) s marts status educsten, heuser d neoms, smployent
. temoking.  cohol drinkin, M), Ceprescion(CD, ADL IACL Como'bity
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B Exercise Intervention Study - Resistance exercise training

Jounal of Aging and Physical Activy, 2010, 18, 401424
©2010 Human Kinetics, Inc.

The Effect of Functional Circuit Training
on Physical Frailty in Frail Older Adults:
A Randomized Controlled Trial
- OBJECTIVES:

@ To determine the effect of a 12-week structured intervention program on reducing physical-frailty measures

in a group of community-dwelling physically frail elderly individuals.

Exeruse Interven“on StUdy rEIated to detrammg @ To evaluate whether these improvements were sustained § months after the end of the training program.

Design: RCTs PARTICIPANTS EXERCISE PROGRAM
. . 2 times per week, 12-week
Week0 - baselne Aged 80-90 years 45 min per Z session
Wesk 12 - training srogram end in Barcelona, Spain Functional kalznce exercise
Week 36 - follow up. Lowier body strength exercise
. . . . . deurmal o Agingand Physica Aot 201, 16, 401424 . . . : . Ao i -
W Exercise Intervention Study - Resistance exercise training i B Exercise Intervention Study - Resistance exercise training S 211 014
Primary Outcome result - Physical-frailty test Primary Qutcome result - Physical-frailty test
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Exercise Intervention Study related to cognitive impairment

B Exercise Intervention Study - Combined exercise (aerobic and resistance)

AGE (2014) 3£:801-811
DOI10:1007/511357-013-9533-7

Positive effects of resistance training in frail elderly patients
with dementia after long-term physical restraint
- OBJECTIVES
D To investigate the effects of 8 wees of multicomponent exercise intervention on muscle strength and
functional cutcomes in frail patients with dementia

12) To evalugte the physical cutcomes of these participants after 24 weeks of detraining

PARTICIPANTS

> age 75 years,

EXERCISE PROGRAM

the 1% part of the trial (Z-4 wk)
galt, balance cognitive exercise
the 274 part of the trial (3-8 wk)

rasictznce training + |

diagnasis of dementia,

physical restraint,

fulfillnent of Fried's critaria frailty

Follow-up period (12-24 wk)

training cessation

: : ! ; . ; (ELCacoreet s, 2014
B Exercise Intervention Study - Combine exercise (aerobic and resistance)
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B Exercise Intervention Study - Aerobic / endurance exercise training

ly ol el e 1k ol of e

Laghis V2 T, Chasé K. i G. K, M. & B L 1

Benefits of Physical Exercise Training on Cognition and
Quality of Life in Frail Older Adults

PARTICIPANTS EXERCISE PROGRAM Main variables

3 times a week, 12-visec

> aged 65 years (n=83)in (L-h session) Physical capacity
Montreal, Canada aerobic workout Cogitive performance
Quality of [ife
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B Exercise Intervention Study - Aerobic / endurance exercise training
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Our lab's Exercise Intervention Study related to frailty

B Qur Lab's study related to frailty @ (HAHA study)
Effects of the elastic band training program on body composition, physical function and muscle quality in

community-dwelling elderly women: a randomized controlled trial

- OBJECTIVES: To determine the effect cf elastic band traning of 18 weeks on body composition, physical function and
muscle quality in community-dwelling elderly wemen
- SETTING: HARA I (Healthy Aging and Hacpy Aging)
- DESIGN: A randomized controlled trial
- PARTICIPANTS: age > 70 years community-dwelling sedentary women
- EXERCISE PROGRAM
F(frequency): 2 times cer week for 18-week (36 sessicns)
I(intensity): 10-20 recs/2-3 sets
T(time): 60 min (5 min - warm up/cool down, 50 min - exercise)
Tltype): Elastic oand training

- VARIABLES: body comgosition, muscle strength and quality, chysical function (SPPB, sit & reach, and stair cimbing time)

B Our Lab's study related to frailty @

Change in body composition measured by DXA after exercise intervention

Table, Change 1 body compost anafte 13 veeks of elasticband tairingin ldery somen

Re aive ske etal musce mass Conirol group Execise group Group
! (CON,n=19) (EX,n=19) X
Appendicilar s(P\ﬁjﬂ]a\ musclemass e P0ST E POST Tine
(Sumof the rassessmard leg | Variable Mean+ SEM. P-value
lean sct tisues frem DA

~ Muscle mass, ASM Height(m?) ~ 6.31£0.12 629=0.16 668023 6784024 0348

ASM / Fat free mass, kg 7264063 3765+076 399713 4057=154 0600
Total lean body mass, kg 35412060 3578£072  3803£14T 3863-147 0595
Total fat mass, kg 1890£102  1848£102  1708£128  1665£129% 0.768

Musc 2 mass =

ANCVA Wt T2
vere caculated o

measLrEmEt

(Group-2y-time efiect rc pvalazs vere cacuated by
ec rest, Staitica sgrificzrce was szt at p<05

“Signcanly dFerant vithn crouo (e vs Post) and

Change in Physical Function after exercise intervention

Table, Changein physcal funcicnater 18 veks cf 2 552< 5an taining n ldery vemen

Control group Exercise group Group
(CON,n=19) (EX,n=19) x
PRE POST PRE POST Time
Veriable Mean£ SEM. i
SPPB score, score 1016035 9.682041 9372047 10422041+
Stair climbing, sec 542+0.04  5242001% 6182036 5.92+030% 0535

Sit and reach, cm 1012=115 885+ 113  901=217

by pied test
tec by two-vey ANCKA vith repested measuremants

*Serifcerty diferert win groug Bre vs 205 and pualues wer: c
“Sigifzanly diferent nteraction grouo  fre) zrc pvates ere cl

Sig
Statisical signFeance vas et 2t <L,

B QOur Lab's study related to frailty @

Change in lean body mass after exercise intervention

Table, Changesinan docy massand musce strengthafte 28 viecks o ¢ 357¢ band taningiin = ey vomren

Control group Exercise group Group
(CON.0=19) (EX,1=19) x
PRE POST PRE st Time
Variable Mean SEM. Pavalue
A lean mass, kg 1832068 179=071% 199001 2032098 0017
Grip srengih, kg 075£100 20252100 09712 T3 13740630
Leg lean mass, kg S3=011 5355005 381025 3902027 0670
Leg evtensor torque t 60 deg sec, Non £ S2£3400 6600£483 B¢ 0017

Leg flevor forquear 60 degsec, Nin 37381432 3384+ 1240 43051211 3038 12.4¢ 0007
Leg evtensor orqueat 120 deg'see, Nim 46421508 4268+ 1492 4753= 1487 520£1734% 0007
Leg flexor torquear 120 deg'see, Nm - 346741215 31781238 M32=1156 4295987 0002%
S gnificant  ifferent uithin group (Prevs. Post) and palues vere calculsted by pared ¢test

#5gnificant  cifferent nteracton (groug  time) and ¢ values were caleulated by hwo-viay ANOVA it repeared measuraments.
Statstzalsignifcance s set at p<0.05.

B Qur Lab's study related to frailty @

A Tuteraction p=0.067 e

- Musdle quelizy is more useful for est meting furcricnal status ivetter etal, 199 B st

- Decrsased muscle quly is associted vith decreased functione capacty

possibly with recuctions in neuromusculer “unction n olcer edults (Carmei <t s

. Muscle strength
* Muscle quality = —————
Unit of muscle mass

ES

Lover extremty musd quaity =
L

Grp stengtt () cox EX

B, C Uprer extremity muscle cualty =
A lean mass Figure. Upper axtramity mus: = quality

Intesaction: p=0.004 C Ieraction p=0.017 e

@

5
@

Figure. Lower extremity muscle quelizy at 120 deg/sec

Figure. Lower extremcy musc  cualty at 50 degiies
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m Qur Lab’s study related to frailty @

Association of muscle quality with SPPB scere

A FON B CON
14 N 4
¢ EX
1. . . e 2 - e
2 neow e 20 - ‘oo
g 8
7 . . 2 e
2 e . . 2 . ' .
A &
n . ] 0w . .
§ . =0475 ¢ . =0414
. pe0.001 . p<001
4 T T T T T 4 T T T T T J
4 6 § 10 1 14 16 18 2 4 ] 8 0 12 14

Leg muscle quality at 60 deg/sec (Nm torque/kg mass) Leg muscle quality at 120 deg/sec (Nm torque/kg mass)

PR scoreand 2g muscle uaity at €0 de Figure, Corrleton analsis between SPP score and g musde qualty at 120 cegsec

Figure, Corelton sl s be

* Conclusion

- This exercise intervention might be an effective methed to promote muscle strength and quality and pravent muscle atrophy in elderly women

orea ) Heatn Promot (2014 - Aride in prees

B Our Lab's study related to frailty @
Original Article

Effacts of 12 Weeks High-speed Elastic Band Training on Cognitive Function, Physical Performance and Muscle
Strength in Older Women with Mild Cognitive Impairment (MCI): A Randomized Controlled Trial

- OBJECTIVES: To investigate how high-speed elastic band training, applied using a high-spaed cower training protocol, affects

cognitive function, physical performance and muscle strength of female elderly individuals witn MCI
- DESIGN: A rendomized controlled tria

- PARTICIPANTS: aged 65 years and older individuals with MCI from Y senior ccllege in Seoul, South Korea

- EXERCISE PROGRAM (Adjusted ACSM “FITT' princicle) el (T

F(frequency): 2 times per week for 12-week (Main exercise)
Ex-Group: 3 times per week > Home-based exercise
Con-Groug: 1 time per week - Stretcring

I(intensity): Band color - Green, 12-15 reps/3 sets, RPE 12-13

= Power
® Velocity

Contraction velacity (mis)

T(time): 60 min (L0 min - warm up/cool down, 40 min - exercise)
Tltype): Figh-speed elastic band training Dl B e
:Feck musde power

Seckelzcty Cymeeta, 2010)

Figh-spez band esercse effect whth NCL. <oresn  Hea i1 Promt (2014, - Aride i e

m Qur Lab’s study related to frailty @
Cognitive function after intervention

Table. Efecs of Figh-speec eistic bard raring en cogritive urcten

Fighspeze band eercse effect il VCL reen | Hea 1 Promot (2016 - Aride i1 s

W Qur Lab's study related to frailty @

Muscle strength after intervention

Tabl. Efects of ngf-speed elasic and train g on musde srength

Comol goup (17) Eserc goup (=14 N
Belore After Bel Af
DST. cigh span tet uard DST-F 17124 3008 456205 TS ol
D3T-8: dgit span test backward DST-B 2004100 1434054 370048 iy
ST Astrecp tzstA ST A 2 10144376 13574617 Ns
STE strana test 3 ST B 0362219 lo72* (I
Abbresiais: DST, digi span e, Fy forwarts B, backwars ST, sroep tes; NS, nor sigifica.
Vi ae prese 15D,
*Cieulaed rak test, P00, compared with Befors Contrl group.
Clalas by e ks es, P07, comped il Blre Esecie iy
“Cleuned cxon signed rnk test, P=0007, compared with Before Esercise grop
“Main effet cileulzed by Mann-Whiney U est.
Physical performance after intervention
Table. Efcts of Figh-speec elzstic band traring on phys al pefomance test
. Contral group (n=7) Exerai: group (n=14)
Vaitks o () . (= ’
Eelore After Before Afer
SPB (score) T4L77 73095 S48 1079215 a0l
UG (s) 11454102 10304103 1031:1% 9414 %
Abbrestaions: SPB, short physical perfornance butery; TUG, Tamed Up e Gog NS, nor sgnifcr.
“Vaes e preseaned 2 mepnsS]
Caled by Wiooson signe rank s, P02, compused] with Before Execie grou:
Colonl 1 sizned rank e 104, coupared with Before Evercie group.

i el el by Muu-Whicey U test

. Conrol graup (o7 Brese group (1)

Varitks Beloe : pAt:i: Bee - M !

% () Ko evewor ek TQRIBV (G709 LeSeslh 75 L6ALYS oo
Hefor  BRTQRIBY  Mld RiB® w7 ggog o

0% M) Reemor RKTQRIBY 2 BN W06 o
el RKTQRIBY %490 W79 #lkd koSNt NS

Grp smagh o Y G vy

Abvestznons: R, g, B, body weih, TQ, o NS, no sigifan.

Vs preseed 25 meaeSD)

Calulae by Wikoon siged o e, 018, aomped i Beloe ol

e by

ey U e

 Wikoson e rank e, P=000L, conpued wh Befre B o,
Clnaet by Wloon el ke, P00, onpred wilh B e g
Mo el clbled by MoV
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AR &9, gEet B, AR T W 52 o] BE Ao] sdHerl old gwe ATAEe]
TEFYH 7ol Soldk A JIAES WS et Be FIe Awsiiith SeRdA @
ATAES ACE frzte] d7IMde] ®oloh tefet fdo &5 2¥x= s #3 Hue g A7E
Tt

npAuko 2 Myostatin -4kl B3F G @ FAE F
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[ By |

2. ACIN33} 5530

frdste] gk PR AFe] A9 AlEA EelE A e B3 93 A (dominant trait) B3 A
(recessive trait) 2-& WFAIAZR(sex linked trait)¥} 722 oJ2] 71X f-21stdel 2 -2} & thg 2ol oFskS

HA 5 gioks e W S glon] o2 Ba G BEE AT A V130t A 5 Qe RS AT
Fefeha wok

ACTNBS Bhe 2ol 293P 283K alphaactinin B Ze) shjolct, ofelat A o] Fnlze 2}
A WEAe ACINZ L ACINGEA] ofF B8 BA42 AZM 72 wdle, h4oe Be 2% AL off

oA glom olefet & AT ofef bA th % F5de) Fol Webd Type 13} Typell 2 EFEC,
Type 1= #2124 thAb} Apolm] Typelleks $520] Yk, Typell A4 £& 552 /Hn

Ror Faka diake] S Wol 7K 9tk ACTN2:= HEe] BE Afola whdo] =HARE ACIN3E
Q2] TypelloAwt & = Qt}. 19990 Northe} FFITAE-S R577X (arginine®] codon 577994 codon©]
THo] Hoj Agho] doful= ZDE delA Q= ACIN3 Friztellr Fon] tdAE 54 (identfication) T},
X/XFAAG S Als 25 ARl ACTN3 ehizle] ehddh dig Helh 1990d St B2 25
Ao AT ot ACIN3THHo] 98] Aed S $HE & e ojygt A& IS Ak
gk} Brde] zlt, 53] ofd #3925 A5 J?l'ﬁo] Zown O#ug RS7/XEAMClE 5SS o]
ek ol f-8skaL, ol For] dHEFAA S Had 5 U

ACIN3 F742ke] RS77X 32 TS X/X Ak 29kAlelA - a-actinin 3ehde] sk Ay HRlh
H|E oleldh AFES W8] 2% HES 7HAARE AR ol2ld Typell 25 A ©lde] shdsh 292

olgfdt ARSI EEFHY TS VY S vhE 25 dd 189 dFe v 5 ok

3. APOE¢} A5

Al DA oz 2300 Hel St g Zo® FHEE dxstoln] Hihe P Eok A HHsow
242 Fa glon =914 Xl Fo] el o] Hgke dwtHow codjol] W] Mol e AgFeR
ARste] dalg A4S o 5 QU HAG wiE], AAlARl B aela HEHoR QlAe] Bl olEth 804
oPde] oF Al At olefeh At weFEo] e FAY Fow FHEE 5 P} /Y Fag Wy 9
o= duA gy, EAHl AFAE oFF flovt AAALE AL dllFe HEo] YR FAllA Fig
A7} A7) wiEel]l 7] Xdto] ezt

ApoE €4 Uz s g=sloln] Hg wle] F2gt d&exloltt, 53] FIHF 2ukAldN us 1
stk A4l AFAER olet frEixlel B Qe S HEHoem AFsial gtk 53] AlAEEe] <l
A2 71 Agte] Y B L e 4 tFFAlel tigt i) ThsEAle] gk ATl BE AES 71
oli 9Jrt,

¢

4, ACE®} 25 3¢

AR Qe HSEE A (angiotensin-converting  enzyme, ACE)-d2R= T 7} thg-dxlallele)2 H353}
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(encoding)7} dojupbr, AR} FHkLe] 287712 A7)PHbase pair)®] 4+ (insertion; 1 allele)@} Z<=(deletion;
D allele)ol] 23] FdEch A tigAxte] FEHTA (homozygous)l 118, oA (heterozygous)Ql 1D,
Ae Hdxte] FFHFAR] DDP ] Al 7EA] 32 vHE A (polymorphism) © 2 WERFTHMontgo mery 7,
1998; Jones &, 2002). 53] A8 A7te] w2, Iy ik A7 5d55dAx dA38] & S50
e S M(Montgommery &, 1998), F2Ql J& Wlsh= ¢ Arse] 47 F5oke DY a2t
2 Zlog RuEy g} Ask] SHo] dATtsdie % A QRIA AN (angio tensinogen)?] F=} dd
(renin)2] 7 4, ACE &4 &4 2 BMI o] &&Ho] lo(cooper 5, 1997), H|H}e] FAE =& Ao
2 BuEy gk

g QA Q&AM ACES] T84 ACEZF B A8#e] FAH (endpoints)oll #gF AFtelld] FEAH
A7 HAcks o, A —5o|Xel #d- x| erlAlAle] g 232 A ZHFL AdFshke A ofrh

=

ACEE $% 9 EAYe) BaM 7Y Sesl ATE Ha Fo) shelt.

5. Myostatin¥} T
Myostating 5% Z¥oA Sl on FAT oM B4 2ddx2A Te8M 283 o= Hs
Aok Q7S A 2R g Saddlx olagk frAHRl Hlort Rhs tide R gk 5] 8%

_]
[e)¥e]
ARl Aold teket &F A=l gt whgeze Hilde F22 & stk

B2 A7AEY w8 oJeir] A Ed 14 i Al Fokdlla] dAAle] AT AAE AuEY we A
< 93 ZRAES g Fo Ut 23] 22IF AAE A
gttt HelM s Ed A e Al Al Jeld tdt 89S =dle FARE
vt b B2 §EY 52 o] uke FEY 28t A2 9 Aol oly7] wizeldt. add= B
staL o] oke] th7kel FAR=(bouchard) ¥MAk= 20000 E7HA] U2 BE =5 LA 23S SE AlA
S Qiek. Ayl AR walel FE ATAES FH Y RE A2 =RES n3se] grldes &1t
xSt olYgt AdE e ¥ A dd AY 531Y R A Amdhe AEeR 200150
Medicine and Science in Sports and Exerciseel= Agol xS0 2 &7F1gon wid Ao N2 AEE2
azkste] 79 SEekaL Qlvh o] 3 azks Fal srd g A dE AY -l S Be] Q=
RE fA7e] Ax 2 fh d9s &
1z2s B3 3UF HAF ARSI Jlon vkt T tigh 3 fA A 32 ¥R Z2E
Eate] oleldk e EE5S A vk S4% @ BHaE gkl Qe eSS 9§ 2 e =Rl
ANAETL o] FolhANE oldfgh FHAES F3AF AxelA WA o =EEe X1E 2
oM AAFT. &z A = 20008 B7EA] o] Eokelld e {18 A7te] JALE Alxfskaat
shk=tl Stk ol9lolle FAl Aes Sy A A A" Zopollx] vk FHLlst 2@ 7P H2Y

O

¢
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3 57
e

A} A= (Rankinen Bray 5 2006)Z %34 170
A F FA; do] A 3 HA™o] v ASE WAL gtk 2001 A A Axolx HarE
20 A 2 AR dHela] BESE vk HhdS ®odt) o] Fof| 1Es Fake] U w2 Aol ZdiEc)
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