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undua jarduera ezaren ondorioz ar1 da hiltzen

Figure &: Deaths attributed to 19 leading risk factors, by country income level, 2004.
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Zein da JFaren gutxieneko dosia hilkortasuna murrizteko?

Figure. Hazard Ratios (HRs) and 95% Cls for Leisure Time Moderate- to Vigorous-Intensity Physical Activity and Mortality
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This infographic summarizes the findings as reported in the manuscript published by Arem, et.al. JAMA Internal Medicine 2015

eTable 6. Approximate amounts of example activities to meet stated goals®

(@NCIEpiTraining

Comparison with Energy Example 1: Example 2: Example 3: Example 4:
Physical Activity expended Walking Biking Swimming Running
Guidelines (MET h/wk) (20 min mile or (leisurely effort) (moderate effort) (10 min mile or

3 mph) 6 mph)
Recommended 7.5 20 minutes per day 45 minutes, 2 days per week 35 minutes, 2 days per week 45 minutes per week
minimum
3x minimum 225 60 minutes per day 60 minutes, 5 days per week 60 minutes, 3 days per week 45 minutes, 3 days per week
S5x minimum 375 90 minutes per day 75 minutes, 7 days per week 45 minutes, 7 days per week 60 minutes, 4 days per week
10x minimum 75 180 minutes per day 150 minutes, 7 days per week 90 minutes, 7 days per week 60 minutes, 7 days per week

*Each example activity column alone meets the corresponding defined metabolic equivalent (MET) h/wk, but either moderate or vigorous activities can be

Arem et al. JAMA Int Med 2015; 175 (6): 959-967 €Bizkaia

combined to reach stated physical activity goals.



ein da JFaren gutxieneko dosia hilkortasuna murrizteko?
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Physical fithess and activity as separate
heart disease risk factors: a meta-analysis

PAUL T. WILLIAMS

Life Sciences Division, Lawrence Berkeley National Laboratory, Berkeley, CA 94720
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FIGURE 4—Relative risk for CHD or CVD in 8 physical fitness
(317,908 person-yr of follow-up) and 30 physical activity cohorts
(2,286,806 person-vears of follow-up) for studies cited in, and subse-
quent to, the Report of the Surgeon General (57).
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Peobizitzatik industrializaziora: Tribuekin 30 urte eman dituen Kim Hill

antropologoaren esperientzia

Ache tribukoek egunero egiten zuten ehiza, egun oso euritsuetan izan ezik; egunero, 10 bat kilometro egiten zituzten
korrika, intentsitate txikian, eta beste 1-2 kilometro intentsitate handi-handian, ehiza egiteko (GPS bidez jasotako datuak).
Hiwi tribukoek astean 2-3 egunetan egiten zuten ehiza, eta gainerako egunetan tresnak eta etxeko lanak egiten zituzten.
Funtsean, jarduera fisiko moderatua egiten dute egun guztietan; noizean behin, intentsitate handiko jarduera fisikoa
egiten dute egun batzuetan, gero atsedena hartzen dute. Egunero, lur eremu zailetatik ibiltzen dira; zuhaitzak igotzen
dituzte, arrastaka ibiltzen dira belarren artean eta adarren azpian; karga astunak mugitzen dituzte... Tximinoak ehizatzea
0s0 nekagarria izaten zen, behin eta berriro egin behar baitziren esprintak, 20-30 segundorik behin, ordubetez, atsedenik
hartu gabe. Ehizaldian, jarduera aerobikoaren aldi luzean egiten dira harrapakina bilatzeko eta indar-lan handia egiten da
ehizatutakoa kanpamentura eramateko, betiere lur irregularretan zehar. Oso ohikoa izaten zen esprintak, jauziak eta
eskalada egitea eta animaliak eta objektu astunak kargatzea.

Pertsona horien arteko 30-50 urte bitarteko gehienek ahalmen aerobiko handiagoa zuten gaur egungo adin bereko
amerikarrek baino.

Emakumeek fruituak, landareak, animalia txikiak (narrastiak), arrautzak, ura eta bestelako elikagai batzuk hartzen zituzten
hiru egunean behin, eta kanpamenturaino eramaten zituzten. Horrek distantzia luzeak egitea zekarren; ordu asko ibiltzen
ziren, umeak gainean zeramatzatela. Askotan, esfortzu handiak egiten zituzten: zuloak egin, zuhaitzetara igo, karga
astunak eraman... Gainera, umeak besoetan edo bizkar gainean eramaten zituzten, 4 urte bete arte, eta 5
kilometrorainoko distantziak egiten zituzten. Beste ardura batzuk ere bazituzten: txabola eta tresnak egitea, janaria
prestatzea, eta dantza eta ipuinen bidezko sozializazioa egitea.

O "Keefe et al. Prog Card Dis 2011; 53: 471-479 €Bizkaia
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Paleobizitzatik industrializaziora: Tribuekin 30 urte eman dituen Kim Hill
antropologoaren esperientzia

8-16 Gizentasuna
: A e dutenen artean,
Energy expenditure on physical activiry: hunter-gatherers vs modem km/egun VS egunean 2 ordu
Humans™
eta 30 minutuko
Total daily encrgy Energics Daily distances 2-3 gaur defizita dago
Species Sex  expenditure® for PA* covered (km) egu n IBiltzear
Fossil hominids
Homo habilis 2387 0583
Home erectus 2731 1.214
Homo sapiens 2880 1,254
(early)
Hunters-gatherers
Kung M 2178 9013 10
F 1,770 600 5
Ache M 3327 1,778 16 Espainian
Sedentary modem humans Espalnlan gehiegizko
il 306 24 jarduera e,
F 1679 231 2.4 pisua
e eza % 50,2 )
Abbreviations: M mdicates male; F, female. g|ze ntasuna
* Values are displayed in kCal da

% 58,2 da

O "Keefe et al. Prog Card Dis 2011; 53: 471-479
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Tarduera ezaren ondorioak
Physical inactivity

Abdominal adiposity
Macrophage infiltration of visceral fat

a

Chronic systemic inflammation

Insulin resistance, atherosclerosis, neurodegeneration, tumor growth / Before , j' After \
\ [ 1
/ /

Diseasome of physical [nactlwty Figure 11 MR-scanning demaonstrating visceral fat mass before and after 14 days of reduced daily
stepping os described in [155).

Type 2 diabetes

Breast cancer R ™ % 7 abdominalen barruko gantza, {,
% 7V02max, {, sentsibilitatea intsulinari
Colon cancer S eta metabolismo lipidikoari jarduera

ezaren 14 egunen ondoren

Dementia

Figure 10 Hypothesis: physical inactivity leads to accumulation of visceral fat and conse-
quently fo the activation of a network of inflammatory pathways, which promotes develop-
ment of insulin resistance, atherosclerosis, neurodegeneration, and tumor growth, leading
to the development of “the diseasome of physical inacfivity.” Adapted, with permission, from

" Gantz biszelara metatzen da TNF-a gantz-ehunean jariatu aurretik (erresistentzia
mtsulinari, diabetea, sindrome metabolikoa)

ﬁB:zkata Pedersen. Compr Physiol 3: 1337-1362, 2013



ercise is the real pollypill

Table 1
Physiological mechanisms underlying the positive effects of exercise training on the
aging process.

Protective mechanisms of exercise training 8 Impraovement in skeleral musele tuncrion resistance
T ¥ g - training |
]
! Improved endathelial fuactinn and passivation of « Improved muscle mass and strength developed by

atherosclerotic plaques muscle groups

« Improved muscle power [force generation at high
contraction speed)

3 Beneficial effects on the autonooie regulation of + Improved muscle quality. muscle recruitment and

cardiovascular function SORIECUVE hissiie: , _ ‘
« Reduction of functional deficits and disease co-morbidity

4 Improvement in cardiwsasculac risk tactor control « Improved QoL and IADL performance
« Increase in HDL-cholesterol concentrations

2 ] Reduction m systemic intlaoymarion

A : 9 [ Improvements in bene mineral density and ultrastructure |
« Reduction in triglyceride and LDL-cholesterol
« Reduction in blood pressure 10 [ Improvement of chiamossmal funetion |
« Reduction in body fat mass « Improved telomerase enzyme activity
e Reduction in insulin resistance and improvement in * Less reduction in telomerase length
glucose metabolism 1 [ (MPTovemenT (T COmnTve T Ha L ac oIt and Tesisiance
e . 5 . : training|
5 [ Potenrial anti-thromboric and aori-platelet effects | '

QoL indicates quality of life; ADL: activities of daily living; IADL: independent
6 | Heart intrinsic mechanises | activites of daily living.

« [schemic preconditioning with reduced myocardial

damage during prolonged ischemia

« Prevention of reperfusion-induced ventricular

arrhythmias

~J

Improvement in maximat axyzen uprake (VOz |

« Reduced all-cause and cardiovascular mortality

« Improved functional capacity, QoL and ADL performance
« Improved pulmonary function

« Improved central hemodynamics (cardiac output{stroke
volume]

« Improved skeletal muscle metabolism { muscle blood

flow, O, utilization, mitochondnal function| 2 : : A P2
¢Bizkaia shi S b e Gremeaux et al. Maturitas 73(4):. 312-317, 2012
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ercise is the real pollypill
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FIGURE 1 Comparison on the effects of the polypill vs. exercise interventions
on outcomes related to CVD risk using data grc:)m meta-analyses (see text for
more details)

Data of mean change in the outcomes are expressed in mean and 95% confidence intervals.

Fruza-Luces et al. Physiology 28 330-358, 2013 €Bizkaia
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" Muskuluek zitokina eta beste peptido batzuk sortu eta jariatzen dituzte
muskulu-uzkurduraren ondorioz; miokina deritze.
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\GF-1  FGF21
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Promotes endothelial
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Figure 1 Skeletal muscle is a secretory organ. Levkemia inhibitory factor (LIF), intedeukin (IL)-
4, IL-6, IL-7, and IL-15 promote muscle hypertrophy. Myostatin inhibits muscle hyperirophy and
exercise provokes the release of o myostatin inhibitor, follistatin, from the liver. Brain-derived
neurotropic factor (BDNF) and IL-6 are involved in AMP-activated protein kinase (AMPK)-mediated
fat oxidation and IL-6 enhances insulin-stimulated glucose uptake. IL-6 appears to have systemic
effects on the liver and adipose tissue and increases insulin secretion via upregulation of GLP-1.
Insulin-like growth factor-1 (IGF-1) and FGF-2 are involved in bone formation, and follistatin-
related protein 1 improves endothelial function and revascularization of ischemic vessels. Irisin
has a role in “browning™ of white adipose fissue. Adapted, with permission, from (172).

PedersenCompr Physiol 3: 1337-1362, 2013
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Yin-Yang Gantz-ehuna vs Muskulu-ehuna

3

Myokines
d
1
Myokines Proinflammatory
adipokines
Type 2 diabetes mellitus,
lovascular disease, cancer,
osteoporosis

Figure 2 The interploy between adipokines and myokines represents a Yin Yang balance
t specially under conditions of obesity, adipose tissue secretes adipokines that contribute to
establish a chronic inflammatory environment, promoting pathological processes such as
atherosclerosis and insulin resistance. Skeletal muscles are capable of producing myokines
that confer some of the health benefits of exercise. Such myokines might counteract the
harmful effects of proinflammatory adipokines. Adapted, with permission, from (1/2).

PedersenCompr Physiol 3: 1337-1362, 2013



Myokines

l

t Muscle hypertrophy (myostatin, LIF, IL-4, IL-6, IL-7, IL-15)
f Adipose tissue oxidation (IL-6, BDNF)

f Insulin sensitivity (IL-6)

t Osteogenesis (IGF-1, FGF-2)

f Anti-inflammation (IL-6)

f Antitumor defence [unidentified secreted factor(s)]

f Pancreas function [unidentified secreted factor(s)]

l

Decreased risk of chronic diseases and premature mortality

Figure 13 The finding that muscle produces and releases myokines
provides a conceptual basis for understanding some of the molecular
mechanisms that link physical activity to protection against premature
mortality (172).

Pedersen. Compr Physiol 3: 1337-1362, 2013



nterleukina-6aren eginkizuna

IL-6

IL-6Ra/gp130RA

PI3-K p-STAT3

p-Akt p-AMPK

Blood vessel

‘ '

fGIucose uptake TFat oxidation

Increased hepatic glucose
production during exercise |

Adipose tissue

Increased lipolysis

Figure 7 Biological role of contraction-induced interleukin-6 (IL-6). Skeletal muscle expresses and releases myokines
into the circulation. In response to musde contractions, both type | and type Il muscle fibers express the myokine IL-

6, which subsequently exerts its effects both locally within the muscle (e.g., through adivation of AMPK) and—when
released into the circulation—peripherally in several organs in a hormone-like fashion. Specifically in skeletal muscle,
IL-4 acts in an autocrine or paracrine manner fo signal through o gp130RB/IL-6Ra homodimer resulting in activation
of AMP-kinase and/or PI3-kinase to increase glucose uptake and fot oxidation. IL-6 is olso known to increase hepatic
glucose produdtiion during exercise or lipolysis in adipose tissue. Modified, with permission, from (173).

Pedersen. Compr Physiol 3: 1337-1362, 2013

Ez da behar min
muskularra (ariketa
eszentrikoa) jariatzeko.

Gehiago jariatzen da |,
glukogenorekin. Training
low, barau egin!!!

Hazkunde muskularra eta
angiogenesia estimulatzen
ditu




nterleukina-6aren eginkizuna

Linear regression

1000 5 Plasma IL-6 {iold change} = antilog,;[1.030 - log, o[duration (h)] + 0.695]
n =74 axercise trials (-B0C subjects)
R =051

S i
100
o Knes-sxtensor
@ Bicycling
10 @ Running
& Eccenfric
—— Hagression

Plaama IL-6 (fold increase from reat)

0.1 1 10 100
Exercise duration (h)

Figure 5 The overall logig-logig linear relation {straight solid line] between
exercise durofion and increase in plosma interleukin-é anL—é{ (fold change from
preexercise level) indicotes that 51% of the voriafion in fold plasma IL-6 increase
may be explained by the duration of exarcise. Modified, with permission, from

(58).
/

I1-6aren sorrera modu esponentzialean
areagotzen da ariketa egiten den bitartean
eta masa muskularra aktibo dagoen
bitartean (Running)
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Figure 4 Different modes of exercise and the corresponding in-
crease in plosma interlevkin-é {IL-8) levels. Groph is bosed on 73
exercise trials and represents ~B00 subjects. Each dot indicates one
exarcise trial; the corresponding bars represent geometric means with
5% confidence intervals. Although differant modes of axercizse ore os-
socialed with different levels of muscle domage, the increase in plasma
IL-& levels postexercise is a consistent finding. Modified, with permis-
sion, from (58, 173).

Pedersen. Compr Physiol 3: 1337-1362, 2013



1ketaren ondorio kronikoak eta akutuak. Bularreko minbizia

- 6 astez AF egitea tratamendurako, kimioterapiarekin
batera (3 e/a, 2 ordu indarra+HIIT Spinning)

- 6 hilabetez >3 e/a (Saio gainbegiratu 1, 90" aerobikoa
HIIT spinning + indarra)

Dethlefsen et al. Breast Cancer Res Treat 159: 469-479, 2016

Centre of Inflammation and Metabolism [*[[X]
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1ketaren ondorio akutuak. Bularreko minbizia
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Fig. 4 Viability of MCF-7 A MCF-7 B MDA-MB-231
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Dethlefsen et al. Breast Cancer Res Treat 159: 469-479, 2016



MCF-7 viability (RFU)

1ketaren ondorio kronikoak. Bularreko minbizia

MDA-MB-231 viability (RFU)
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Korrika egitean, tumorea txikiagotzen da epinefrinaren segregazioagatik eta IL-
6aren mendeko NK zelulen mobilizazioagatik.

@ NK cell

" |9% 60 eragina eta tumorearen hazkuntza 4.1
- 6.8 kim/egun egiten zuten saguen artean
(Pedersen et al., 2016)

= Korrika egiten zuren saguek pisu-galera edo
kakexia prebenitzen zuten.

= 1 Epinefrina + I1-6 — NK zelulak mugitu,
berriro banatu eta infiltratzen dira; ondoroz,
tumorearen tamaina txikiagotu egiten da.

Pedersen et al. Cell Metabolism 23: 1-9, 2016
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Korrika egitean, tumorea txikiagotzen da epinefrinaren segregazioagatik eta IL-
6aren mendeko NK zelulen mobilizazioagatik.
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AND 139 WOMEN,

astu energetikoa lan-jardueretan eta aisialdiko jardueretan

RANGES AND MEAN RATES OF ENERGY EXPENDITURE OF 381 SUBJECTS. 242 MEN
IN 54 OCCUPATIONS, AND “SLOUGH SCALE"” RANGES

Occupation

E

-

Range

[

Mechanical Ajc
Hollerith
Typist
Talor
Drsughtsman
u‘."":"’

atch repairer
Clerk

| ol | ww3

370807

46-1-74-6
570-760
49-0-67-0
51-0-75-0
560620
46:0-60-0
40 2-65-9

Sedentary-to-light

Tally clerk
Gasket inspector

18| omlwel sl | 2

N

430913
577892

Machine minding
Frame cutting
Gasket packing
Canteen work
Ll‘ht turning

inishing
Boo! and shoe repair

wame| | e
| Souwa

5&6-.3
T8 104"
1-5-11 5
412126
980

123:3
1048
1159
1262

1'

L-du-to-modcmu

Tapping and dnlling
Tool maks
Capstan lathe
Gasket roller
Router machine

Plate punchi blllcf)'
Phw cumng“‘»uery

Rollu lmll

metal work
Metal turning (shell cases)
Turning and finishing (shell cases)
Tool setting
Forging

I ! ] | v dwaial I E—I |\-N

snsalllill=]leRl | ==I]

8l O-th

| N>

T30-165-4
EB-T-14T-9
14751959

Moderate-to-heavy

Labourers

Power truck driver

Copper and card cutter

S\’llhi’ 'nd 1l case
ng i ing (she s)

Cleaning am?rr;l’lu (shell cases)

Gauging shell cases

‘I|Auv~h‘
avwl | lalall

6872064
81 9-2Il~4

780235 2

FiG. |.—Capstan lathe operative with portable respirometer fitted and

Filling and stacking |-cwt. bags
H T loader

Loading and unloading carboys and 1-cwi. bags

L1}

150:9.2486
203-2-282-9
131-8-256-5

adjusted so that it does not impede normal work performance. Hatvys (o-vary tuyy 1

Furme cleaning
coal

Hewing
Girdering and timbering
ng coal

BaEw | awa

161-3-351-7
181-8-3642
143-0-267-3
168-6-325-8

Brown & Crowden. BrJ Industr 20- 277-283, 1963
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Compendiy ry, ME——— T

of

Physical Activities

1' Activity Categories  References  Tracking Guide Compendia = Submit Research Comected METs  Help  Contact Us

-

3.0 walking the dog

3.0 walking, 2.5 mph, level, firm surface

3.3 walking, 2.5 mph, downhill

3.5 walking, 2.8 to 3.2 mph, level, moderate
pace. firm surface

4.3 walking, 3.5 mph, level, brisk, firm
surface, walking for exercise

5.3 walking, 2.9 to 3.5 mph, uphill, 1 to 5%
grade

8.0 walking, 2.9 to 3.5 mph, uphill, 6% to 15%
grade

5.0 walking, 4.0 mph, level, firm surface, very
brisk pace

7.0 walking, 4.5 mph, level, firm surface, very.
very brisk

8.3 walking, 5.0 mph, level, firm surface

23 cleaning, sweeping, slow, light effor

3.8 cleaning, sweeping, slow, moderate effort

35 cleaning, heavy or major (e.g. wash car.
wash windows. clean garage), moderate
effort

3 cleaning, mopping, standing, moderate
effort

3.2 cleaning windows, washing windows,
general

2.5 mopping, standing, light effort

4.5 polishing floors, standing, walking slowly
using electric polishing machine

2.8 multiple household tasks all at once, light
effort

3.5 multiple household tasks all at once,

moderate effort

7.0 bicycling, stationary, general

3.5 bicycling, stationary, 30-50 watts, very
light to light effort

6.8 bicycling, stationary, 90-100 watts,
moderate to vigorous effort

8.8 bicycling, stationary, 101-160 watts,
vigorous effort

11.0 bicycling, stationary, 161-200 watts,
vigorous effort

14.0 bicycling, stationary, 201-270 watts, very
vigorous effort

4.8 bicycling, stationary, 51-89 watts, light-to-
moderate effort

8.5 bicycling, stationary, RPM/Spin bike class

8.0 calisthenics (e.g., push ups, sit ups, pull-

ups, jumping jacks), vigorous effort

Bizkaia




arduera fisikoaren intentsitatearen sailkapena METs

TABLE 2. MET equivalents of common physical activities classified as light, moderate or vigarous intensity

Light 3.0 METs

Moderate 3.0 - 6.0 METs

Vigorous 6.0 METs

Walking
Walking slowly around home,
store or office = 2.0*

Household & occupation
Sitting — using computer work at desk using
light hand tools = 1.5
Standing performing light work such as
making bed, washing dishas, ironing,
preparing food or store clerk = 2.0-2.5

Leisura time & sports
Arts & crafts, playing cards = 1.5
Billards = 2.5

Boating — power = 25
Croquet = 2.5
Darts = 2.5

Fishing — sitting = 2.5
Playing most musical instruments = 2.0-2.5

Walking
Walking 3.0 mph = 3.3"

Walking at very brisk pace {4 mph) = 5.0

Cleaning — heawy: washing windows, car,
clean garage = 3.0

Sweeping floors or carpet, vacuuming,
mopping = 3.0-3.5

Carpentry — general = 3.6
Carrying & stacking wood = 5.5
Mowing lawn — walk power mower = 5.5

Badminton — recreational = 4.5
Basketball — shaoting around = 4.5

Bicycling — on flat: light effort {10-12 mph} = 6.0

Dancing — ballroom slow = 3.0,
bhallroom fast = 4.5

Fishing from river bank & walking = 4.0

Golt — walking pulling clubs = 4.3

Sailing boat. wind surfing = 3.0

Swimming leisurely = 6.01

Table tennis = 4.0

Tennis doubles = 5.0

Volleyball — noncompetitive = 3.0-4.0

Walking, jogging & running
Walking at very very brisk pace (4.5 mph) = 63"

Walking/hiking at moderate pace and grade with no or
light pack <10 Ib} = 7.0

Hiking at steep grades and pack 10-42 |b = 7.5-9.0

Jogging at 5 mph = 8.0°

Jogging at 6 mph = 10.0°

Running at 7 mph = 11.5°

Shoveling sand. coal, etc. = 7.0

Carrying heavy loads such as bricks = 7.5

Heavy farming such as bailing hay = 8.0
Shoveling, digging ditches = 8.5

Basketball game = 8.0

Bicycling — on flat: moderate effort (12-14 mph) = 8.0;
fast (14-16 mph} = 10

Skiing cross country — slow (2.5 mph = 7.0;
fast {5.0-7.9 mph) = 9.0

Soccer — casual = 7.0, competitive = 10,0

Swimming — moderate‘hard = 8-11¢
Tennis singles = 8.0
Volleyball — competitive at gym or beach = 8.0

Haskell et al. Med Scr Sports Exer 49 1432-1434, 2007
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uantity and quality of exercise for Adults: ACSM Position Stand

TABLE 2. Evidence statements and summary of recommendations for the individualized exercise prescription.

Evidence-Based Recommendation

Evidence Category

Cardiorespiratory (“aerob
Frequency

Intensity

Time

Type

Volume

Pattem

Progression

") exercise

=5 dwk ' of moderate exercise. or =3 d wk | 01.v1QOr0uUS exercise. of a combination of
moderate and vigorous exercise of =3-5 dwk | recommended.
—Moderate and/or vigorous (ntensity 1S recommended 101 most adults:
Light- to moderate-intensity exercise may be beneficial in deconditioned persons.

30-60 mind ' (150 minwk ') of pumposetul moderate exercise. or20-60 mind ' (75 minwk ) of vigorous
exercise, or a combination of moderate and vigorous exercise per day IS recommended for most adults.
=20mimd (150 MWK ) 0f exercise can be beneficial. especially in previously Sedentary persons.
Regular, purposeful exercise that involves major muscle groups and is continuous and rhythmic in nature
___1s recommended

A target volume of =500-1000 MET minwk ' & ecommended.
Increasing pedometer step counts by =2000 steps per day to reach a daily step count =7000 steps

per day 1s beneficial.

Exercising below these volumes may still be beneficial for persons unable or unwilling to reach this amount
of exercise.

Exercise may be performed in one (continuous) session per day or in multiple sessions of =10 min to accumulate
the desired duration and wolume of exercise per day.

Exercise bouts of =10 min may yidd favorable adaptations in very deconditioned individuals.

Interval training can be effective in adults.

A gradual progression of exercise volume by adjusting exercise duration, frequency, and/or intensity i reasonable
until the desired exercise goal (maintenance) is attained.

This approach may enhance adherence and reduce risks of musculoskeletal injury and adverse CHD events.

Garber et al. Med Sci Sports Exer 43(7). 1334-1359, 2011
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uantity and quality of exercise for Adults: ACSM Position Stand

Resistance exercise

Frequency
Intensity

Time
Type

Repetitions

Sets

Pattem

Progression

Each major muscle group should be trained on 2=3 dwk .

60%—70% of the 1RM (moderate to hard intensity) tor novice to intermediate exercisers to improve strength.

=80% of the 1RM (hard to very hard intensty) for experenced strength trainers to improve strength.

40%—50% of the 1RM (very light to ight intensity) tor older persons beginning exercise to improve strength.

40%—50% of the 1RM (very light to ight intensity) may be beneficial for improving strength in sedentary persons
beginning a resistance traning program.

=50% of the 1RM (light to moderate intensity) to improve musculan endurance.

20%=50% of the 1RM in older adults to improve power.

—NO specific duration of training has been dentdied for effectiveness.
Resistance exercises involving each major muscle group are recommended.
A varety of exercise equipment and/or body weight can be used to pedform these exercises.

8-12 repetitions 1S recommended to improve strenath and power i most adults.
10-15 repetitions 1s effective in improving strenath in mddle aged and older persons starting exercise
15-20 repetitions are recommended to improve muscularn endurance

Two to tour sets are the recommended for, most adults to improve strenath and power.

—ASITgIE SEL 0! TESISIANGE exerciSe can be eftedve especially among Ol10er and MOVICE BXerciSers.
=2 sets are effective in improving muscular endurance.
Rest intervals of 2-3 min between each set of repettions are effective.
A rest of =48 h between sessions for any single musde group IS recommended.

A gradual progression of greater resistance, and/or more repetitions per set, and/or increasing frequency is recommended.

Garber et al. Med Sci Sports Exer 43(7): 1334-1359, 2011
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uantity and quality of exercise for Adults: ACSM Position Stand

Flexibility exercise

Frequency =2-3 dwk ' s effective i improving joint range of motion. with the greatest gains occurring with daily exercise.
Intensity Stretch to the point of feeling tightness or shaht discomfort.
Time olding a static stretch for 10-30 s © recommended tor most adults.

In"older persons, holding a strefch for 30—60 s may confer greater benefd.
For PNF stretching. a 3- to 6-s contraction at 20%—75% maximum voluntary contraction followed by a
10- to 30-s assisted stretch is desirable.

Type A series of flexibility exercises for each of the major muscle-tendon units is recommended.

Static flexibility (active or passive), dynamic flexibility, ballistic flexibility, and PNF are each effective.
Volume A reasonable target s to perform 60 § of total stretching time for each flexibility exercise.
Pattem Repetition of each flexibility exercise two to four times is recommended-

Flexibility exercise is most effective when the muscle is warmed through light to moderate aerobic activity or
passively through external methods such as moist heat packs or hot baths.

Progression Methods for optimal progression are unknown.
Neuromotor exercise trainjng
Frequency =2-3 dwk ' s recommended.
Intensity An effective intensity of neuromotor exercise has not been detemmined.
Time =20-30 mind " may be needed.
Type Exercises involving motor skills (e.g.. balance. agilty. coordination. and gat). praprioceptive exercise
training. and multifaceted activities (e.q.. fai'ji'and yoga) are recommended for older persons to
|__improve and maintain physical function and reduce falls inithose atirisk for falling.

The effectiveness of neuromuscular exercise training in younger and middle-aged persons has not been
established, but there is probable benefit.

Volume The optimal volume (e.g.. number of repetitions, intensity) is not known.
Pattem The optimal pattern of performing neuromotor exercise is not known.
Progression Methods for optimal progression are not known.

OO m

> oo mw

o o

Table evidence categories: A, randomized controlled trals (rich body of data); B, randomized controlled trials (limited body of data); C, nonrandomized trals, observational studies;

D. panel consensus judgment. From the National Heart Lung and Blood Institute (263).

Garber et al. Med Sci Sports Exer 43(7): 1334-1359, 2011
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uantity and quality of exercise for Adults: ACSM Position Stand

TABLE 5. Classification of exercise intensity: relative and absolute exercise intensity for cardiorespiratory endurance and resistance exercise.

Cardiorespiralory Endurance Exercise

Intensity (%‘JO;....,) Relative to Absolute Absolute Intensity
Relative Intensity Maximal Exercise Capacity in METs Intensity (MET) by Age
%HRR or Perceived Exertion 10 METs 5 METs Middle-aged
Intensity %V0,R %HR oy %V0ymsx  (Rating on 6-20 RPE Scale) %V 0 mas %oV02max METs (40-64 yr)  Older (=65 yr)
Yery light =30 <57 <37 <Mery light (RPE = 9) =37 =44 =2 <20 =16
Light 0-39 57-63 37-45 Very lightfairly light 37-45 44-51 20-29 20-39 16-3.1
JAPE 8-11)
Moderate 40-59 64-76 46-63 Faitly light 10 somemnat 26-53 52-67 301059 40-59 3247
nard JAPE 12-13}
Vigorous 60-89 77-95 64-90 Somewhat hard to very 64-90 68-91 6.0-8.7 6.0-84 48-6.7
hard {RPE 14-17)
Near—maximal =90 =96 =91 =Very hard (RPE = 18) =91 =92 =88 =85 =6.8

to maximal

Table adapted from the American College of Sports Medicine (14), Howley (173), Swain and Franklin (344), Swain and Leutholtz (346), Swain et al, (347), and the US Department of Health and Human Services {370)
HR . maximal HR; %:HR ., percent of maximal HR; HRR, HR reserve; Y0;us, Mmaximal oxygen uptake; %V 0s,.,. percent of maximal oxygen uptake: VO,R, oxygen uptake reserve; RPE, ratings of perceived exertio

%VO,max
Brisk walking at
80 - ; 3.5 mph (3.6 METs)
70 +
60 + "Hard" :
50 | S “Light"
40 L v ¥
30 ¢+ .
20 1 : 1 : 1 1 L 1 )
4 5 6 7 8 8] 105 243
VO,max (METs)

FIGURE 1—Changes in the relative intensity of exercise (%V0,_,.)
when the same absolute intensity of exercise is performed by groups
differing in VO,p,,. Figure adapted from Haskell (16).

Ibiltzea

5.6km/h
abiaduran? Ezta
pentsatu ere.

Garber et al. Med Sci Sports Exer 43(7): 1334-1359, 2011
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stratu energetikoen erabilera eskakizun energetikoaren araberakoa da

- B other fal sources Body Stores of Fuels
C_] plasma FFA and Associated Energy Availability
B plasma glucose T I T
: ieol 2 muscle glycogen Location g kcal
ﬁé CARBOHYDRATES
i %1 Liver glycogen 110 451
% Muscle glycogen 500 2,050
:é' 40 4 Glucose in body fluids 15 62
% FAT
é 20 4 Subcutaneous and visceral 7,800 73,320
Intramuscular 161 1,513
20 WY oo Total 7,961 74,833
rest 40 55 75 gc)):z' t;hr;; cte)s;ndn;a';eljs are based on a body weight of 65 kg (143

Exercise intensity (%VWmax)

 Maratoi batean (80-90VO2 max), ~“% 96 CHOen
menpe dago iturri energetiko modura.

Beelen et al. Int.J Sport Nutr Exerc Met 20(6). 515-532, 2010




Energy system

ATP-PCr

Glycolysis

Oxidative (from
carbohydrate)

Oxidative (from fat)

Oxygen
necessary?

No
No

Yes

Yes

Overall chemical
reaction

PCr to Cr

Glucose or

glycogen to lactate

Glucose or
glycogen to CO,
and H,0

FFA or triglycerides

to CO, and H,0

Relative rate of
ATP formed per
second

25

1.5

ATP formed per
molecule of
substrate

36-39"

>100

Available
capacity

<158

~1 min

~90 min

days

*Production of 36-39 ATP per molecule of carbohydrate excludes energy cost of transport through membranes. The net production is

slightly lower (see text).
Courtesy of Dr. Martin Gibala, McMaster University, Hamilton, Ontario, Canada
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anakako entrenamendua: Indibidualizazioa atalase metabolikoen arabera

Zer gertatzen da talde bat
intentsitate erlatibo berean
entrenatzen denean, adibidez

4 gehieneko bihotz-
maiztasunaren % 80an?

140
120

100}

2 80
S
= 60 |
32 "
40— LEGEND
pe u*GO% MAX HR
20— o— 70% MAX HR
8 o— 80% MAX HR
"0 B0 e 1T B A A1 0 (A0 (B Wl A 861 DA [N I AN W AU O b 0 O A ) 1Y 1M 20
0 5 10 15 20 25 30
SUBJECTS

Fig. 2. Plot of individual subject’s percent of anaerobic threshold (AT) at the different percent max}
HR. On the right axis is labeled the corresponding oxygen uptake for the respective percent AT

€Bizkaia Katch et al. Kur J Appl Physiol 59 219-227, 1978



'Azido laktikoa: Aingerua edo deabrua? Erantzuna ariketa progresiboan zehar

Tab.2 Epinephrine, norepinephrine, lactate, heart rate, and oxygen intake in trained and untrained volunteers during graduated exercise.
Oxygen intake
nephrine® Norepinephrine® Lactate Heart rate
Euwml;‘ {ng/mi) (ng/ml} {mmol/I}
Untrained Trained ' "
subjects  subjects I 1 1 1l I L}
m (m
114 > it 2o OB —
"o v o 082 085
n 9 10 9
- 1 0085 + 11893 12.18
n s ] &mﬂ 0.052 ﬁ 0.157 \ 0.21 A2l 1 226 2.1
R 0.154 0.082 + 0978\ 0456 +++ 2.04| 1.42 108 115 1787 21,20
s 0.052 0.046 0.201 | 0.165 051 | 0.21 (M D 349 233
1 X 0.218 0.102 + 1.167 | 0.616 +++ 233| 136 133 123 25.10 27.99
= s 0.129 0.046 f 0.270 | 0.167 064 | 0.5 [ Ll - 406 2.24
0.262 0337 + 1402 |0.578 +++ 334 | 159 163 140 3333 36.70
= 3 0.158 0.058 0388 |0.197 1.34 | o.M 125,10 451 331
250 x| 0mn3 (1 PR 2479 (0999 ++ 552 | 216 173 161 47.04 4490
H 0.591 0.182 0.973 |0.484 232 | 027
X |\ 0859 03716 + 4410 (1561 +++  |8.49/ 352

Lehmann et al. IntJ Sport Med £ 143-147, 1981
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1do laktikoa: Aingerua edo deabrua?

E82Y  hawrt rate (1

A,
r‘/ |
llw/“

{mifig.min)

cygen
sl intake

e‘f
J"“"‘

A
/

x4 y/}' ‘AN J\Ci}.ﬂ(\d?(“ (’ Lt

L - ’&_W‘--A l: ‘ v A | qunentv ():‘wfj(

!
L T
.3
| T '
- — =¥ e ¢ ey
- = - L3 -
e E R ERE N R
] HATT
~ - TR s S & |

Fig. 1 Heart rate, oxygen inteke, lactate, norepinephrine, and
epinephrine during gradusted exercise in trained and untrained
subjects {1 ng norepinephrine = 5.91 p mol, 1 mg epinephrine =
5.45 p mol),

€Bizkaia

e Zuzeneko harreman lineala laktatoaren eta
katekolaminen artean, entrenamenduaren
araberako eboluzioa aurkezten baitute. Inflexio
puntua (L.'T) osasuna eta ahalmen aerobikoa
hobetzeko gutxieneko dosia da

e Glukolisian sortutako azido pirubikoa oxidazio-
bideen bitartez sar daiteke Krebs zikloaren bidez
edo azido laktiko bihur daiteke; beharrezkoa da

* Azido laktikoaren metaketak sortzen duen
egoeran, azido pirubikoaren/laktikoaren

Lehmann et al. Int.J Sport Med 2 143-147, 1981



LT-a da ahalmen aerobikoa eta osasuna hobetzeko behar den gutxieneko estimulua

. T
.
24 allad
% ad T
1ﬁ
- bd
£ o
o bc e b b
& -1 2
> e L =
2 QCJ 7 A i
: s
-3 + =
B D
A e RP S BA LT Lo T Ty e

Training Groups

Figure 2—Weighted VO, effect sizes for each training group for the
lactate threshold data (Mean = SD). Bars with the same letter are not
significantly different. C, control; S, sedentary; T, trained.

Pertsona sedentarioen kasuan, ~LT
entrenatzea nahikoa estimulua da
VO2max-a hobetzeko.

Hobekuntza handienak lehenengo 8-
12 asteetan gertatzen dira

Kirolariek estimulu handiagoa behar

dute hobekuntza metabolikoak
sortzeko

Londeree. Med Sci Sports Exerc 29(6). 837-843, 1997



Heart rate response to constant speed tests

160-

z -©- 7.75kmh R . —© -© 7.75kmhR
£ ~- 7.45kmh R = 140- ~~ 7.45kmh R
3 -¥- 7.15kmh R Ny -%- 7.15kmh R
H —+ 6.85kmh R 2 - — 6.85kmh R
g -8 655kmh R £ 1004 -= 6.55kmh R
@ -~ 6.15kmh W g -e- 6.15kmh W
3 & 425kmh W 80 | = 425kmhW
L=
o 60

G L} ) L) 1 L 1 L ] 1

0 5 10 15 20 0 5 10 15 20
Exercise duration (min) Exercise duration (min)
Progresive shuttle walk-runing test

4+ 160
Y —o— Lactate
c
e -@- Heart Rate 140
r x
‘g 2

=}

E 120 =
£ 8
3 100 T
o o
& :
2 80
S
m

Speed (km/h)
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1do laktikoa: Aingerua edo deabrua?

Phase | Phase Il Phase Ill
1st lactate threshold 2nd lactate threshold
“aerobic threshold” “anaerobic threshold”

40-60% Of VOyrgs 60-90% Of VOj gy
S H :
g i
g i , S v
g Very light exercise  {  Light exercise Moderate exercise | Heavy exercise
o | E
= Borg scale 6-9 Borg scale 10-12  Borg scale 13-14 Borg scale >14
Q| 45-55% 0f VO, | 55-70% Of VOpmy  70-80% Of VOpge | >809% of VO,
% or HR reserve or HR reserve or HR reserve or HR reserve
8| 60-70%HR.y | 70-80%HRny  80-00%HRny |  >90%HR,,
BL: < 2 mmolA ; BL: 2.0-3.0 mmol/l BL:3.0-4.0 mmoll i, BL:> 4.0 mmol/I
Percentage of VO, ..
O2 gehiago ateratzen da [L] eta H+ modu esponentzialean areagotzen dira, eta HCO3-
muskuluetatik, eta CO2 eta ak taponatzen ditu. Ondorioz, CO2 eta VEaren sorrera
VE gehiago sortzen da forma areagotzen da, eta VOZ2aren areagotze lineala dago
linealean. [L]-a ez da (TVE/VO2). Organismoaren oxidazio-ahalmena (muskulu
areagotzen inaktiboak, gibela, giltzurrunak, bihotza) nahikoa da [L]-a

orekan mantentzeko (glukoneogenesia)

Binder et al. FurJ Card Prev Rehab 19: 726-734, 2008 ifBizkaia
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OD vs HIIT - Lack of time? A Little Pain for a Lot of Gain

1004 [__JPRE
B POST

— 75—
£ *
£
g 50-
E

251

0

CON HIT

Figure 1. Cycle time to exhaustion at 80% of pretraining peak oxygen
update before (PRE) and after (POST) six sessions of high-intensity interval
training (HIT) over 2 wk or equivalent penod without training (control;
CON). Individual and mean (=SE) data are plotted for eight subjects in
each group. *P = 0.05 versus PRE within same condition. [Adapted from
Burgomaster, K.A., S.C. Hughes, G.J.F. Heigenhauser, S.N. Bradwell, and
M.). Gibala. Six sessions of sprint interval training increases muscle
oxidative potential and cycle endurance capacity. J. Appl. Physol.
98:1895-1990, 2005. Copyright © 2005 The American Physiological

Socety. Used with permission. ]

% 15-35 hobetzen da oxidazio-
ahalmena, eta I egiten du
glukogeno muskularrak

Akidurara heltzeko denboran hobekuntzak
gertatzen dira: 26 minututik 51 minutura,
2 astean entrenatu ondoren; SI'T (4-6 x 30s
all-out (wingate) errep./4 " berresk. (2-3min
saloko) 3 “e/aste

T 61 [IPRE
2 54 mmPOST *
2\ [
; 'I_:I.‘_‘
= |
3 32
S & 2
UE o
Ey ' r
HIT ET

Figure 2. Maximal activity of cytochrome ¢ oxidase (COX) measured in
resting human skeletal muscle biopsy samples obtained before (PRE) and
after (POST) six sessions of high-intensity interval training (HIT) or
continuous moderate-intensity training (ET) over 2 wk. Total training
time commitment was approximately 2.5 and 10.5 h for the sprint and
endurance groups, respectively, and total exercise volume was approx-
imately 90% lower for the HIT group. Values are means = SE for eight
subjects in each group. *P = 0.05 versus PRE (main effect for time).
|Adapted from Gibala, M.J., J.P. Litdle, M. van Essen, G.P. Wilkin, KA.
Burgomaster, A. Safdar, S. Raha, and M.A. Tarnopokky. Short-term
sprint interval versus traditional endurance training: similar initial
adaptations in human skeletal muscle and exercse perfomance.
J. Physiol. 575(Pt 3):901-911, 2006. Copynght © 2006 Blackwell
Publishing. Used with permission.]

Gibala & McGee. Exerc Sports Scr 36(2):58-63, 2008 €Bizkaia



igh-intensity interval training in patients
with lifestyle-induced cardiometabolic disease:
a systematic review and meta-analysis =~ T2 Potocolrecommendadonsfor i

Frequency IxWeek
Kassia S Weston,' Ulrik Wisleff,? Jeff S Coombes' Dusation 40 min
Modality Treadmillhill, cycle ergometer. Inoeasing speed or indine
Study MD (95% CI) MD (95% C1) e E:Eiiﬁv: o
N A B 4 = Interval times 4x4 min intervals
Freyssin (2012) 2.80(-0.01,5.61) —— 33 min recovery
Fu (2011) 3.6 (-0.15,7.35) —-— Warm-up 10 min at 60% PHR
lellamo (2012) 0.5 (-0.15, 7.35) - Coal-down 5 min at 50% PHR
Moholdt (2005) 2.70(-1.18,6.58) 1 HIT, homensiasks model assessment-lnsulin tesistance; PHR, peak: heart rate.
Molmen-Hansen (2012)  5.70(0.68,10.72) e
Roditis (2007) -1.20 (-4.93,2.53) —a
;c:gnmo (2004) 3.00(-6.36,12.36) T S Box 2 w contraindications to Hﬂ'l-lﬂlelﬂi‘l)'
. jerve (2008) 2.30(-1.85,6.45) e interval training (HT)
Tjonna (2008) 3.70(-5.96,13.36) -
Wisloff (2007) 4.10(2.53,5.67) - : ,
Total (95% Cl) 3.03 (2.00,4.07) PN Unstable angina pectoris

Uncompensated heart failure
s Recent myocardial infarction (<4 weeks)
-10 0 10 20 Recent coronary artery bypass graft or percutaneous
Favours MICT  Favours HIIT coronary intervention (<12 months)
» Heart disease that limits exercise (valvular, congenital,
ischaemic and hypertrophic cardiomyopathy)
_ _ Complex ventricular arrhythmias or heart block
Aldaketa VO2peak-en (4-16 astez entrenatu e i b Bk D et
disease or uncontrolled peripheral vascular disease
ondoren) » Uncontrolled diabetes mellitus

HII'Ta: 22.5etik 27 .9ra ml/kg/mm (T% 194) » Hypertensive patients with blood pressure >180/110 (or

uncontrolled)

MI'Ta: 22.6tk 25.2ra ml/kg/min (19 10.3) > Severe neuropathy

>
>
>
>

Heterogeneity: Chi 2=9.90; 12 = 9%; P=0.36
Test for overall effect Z=5.75; P<0.001
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FIGURE 2—Mean time course of exercise responses by protocol (n = 18). Shaded regions represent warm-up and cooldown. Dorted lines represent
40%. 60%, and 85% aerobic intensity thresholds.

Boyne et al. Med Sci Sports Exerc 47(3):A476-484, 2015
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ardueraren egunerokoak

INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

PARTE 4: ACTIVIDADES FiSICAS DE RECREACION, DEPORTE Y TIEMPO
LIBRE

Esta seccion se refiere a todas aquellas actividades fisicas que usted hizo en los
ultimos 7 dias Unicamente por recreacion, deporte, ejercicio o placer. Por favor no
incluya ninguna de las actividades que ya haya mencionado.

20.  Sin contar cualquier caminata que ya haya usted mencionado, durante los
ultimos 7 dias, ;Cuantos dias caminé usted por lo menos 10 minutos
continuos en su tiempo libre?

dias por semana
|:| Ninguna caminata en tiempo libre > Pase a la pregunta 22

21.  Usualmente, ; Cuanto tiempo gasto usted en uno de esos dias caminando en
su tiempo libre?

horas por dia
minutos por dia

|:| No sabe/No esta seguro(a)

= 4. ZATIA: JOSTETA JARDUERA
FISIKOAK, KIROL-JARDUERAK
ETA ASTIALDIKO JARDUERA
FISIKOAK

=  hittps://sites.google.com/site/co
mpendiumofphysicalactivities/

Hora Min
7 4
3 5

Fecha 09/09/2015 Dia Mie’rcoles\

Hora a la que se levanta de la cama
Hora a la que se acosto en la cama

(Hubo alguna razén especial por la @/

que no pudo realizar su actividad

diaria normal?

En caso afirmativo, ;cual fue el II, Enfermedad Lesién Condiciones
motivo? atmosféricas
@, Otra (por favor indique el motivo debajo)

[S8) =]

5
0

Viaje en tren de 4 horas

Breve descripcion de la actividad diaria (incluya las horas)

Trabajo: Sentado en la oficina con breves periodos cammnando (08:30-15:30)
Desplazamientos: caminando al trabajo y a la vuelta (08:15-08:25 / 15:30-15:35)
Trabajo de casa: Limpieza general (18:00-19:30), cuidado de mi madre (20:00-21:00)
Ocio/Recreacion: Caminar por el monte (16:30-17:30) y lectura (21:15-21:45)
Indique numéricamente el grado de dolor/rigidez que haya tenido durante el dia
Articular 0 @ 5

2 4 5 6 7 G
Muscular DO 3 4 @ 6 7 RERNONNI0N
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n° of participants

s—

4=

l-i)

0-5Inactive 6-10very 11-20 Low 21-30 Active 31-40 Very =40"%ery
low activity activity active very active

Physical activity level (min/day Metabolic MVPA +1)

Group

M ECaE
OBrcac
B Healthy

Figure 3. Distribution of Metabolic MVPA+1 physical activity levels among

post-menopausal women
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arduera fisikoaren kuantifikazio objektibo eta indibidualizatua

Tiempo (min) en las diferentes zonas de intensidad

1000

900

800

700

600

500

400

300

200

100

....

lunes

s
aet!
-t
st
o
o

martes

Sedentaria

miércoles

Muy Suave

jueves

Suave

viernes

Moderada

............

sabado

Vigorosa

.............

domingo

Pasos diarios

18000

16000

14000

12000

10000

8000

6000

4000

2000

Step Counts
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DUCACION
Y DEPORTE

“Everybody is a genius. But if you
judge a fish by its ability to climb a
tree it will live its whole life believing
that it is stupid”

Albert Einstein



