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Sydan- ja verisuonitautien kuolleisuuden kehittyminen
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Figure 1. Decline in Deaths from Cardiovascular Disease in Relation to Scientific Advances.
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Arkiaktiivisuutta ja litkuntaharjoittelua

¢
I
European Heart Journal (2010) 31, 196/7-1976 POSITION PAPER

EUROPEAN doi:10.109 3/eurheartj/ehg2 36
Secondary prevention through cardiac
rehabilitation: physical activity counselling and
exercise training
Key components of the position paper from the Cardiac
Rehabilitation Section of the European Association of Cardiovascular
Prevention and Rehabilitation
“Many of the risk factor improvements occurring in CR can be mediated through
exercise training programmes. This call-for-action paper presents the key components
of a CR programme: physical activity counselling and exercise training.”

Corra et al. Eur J Cardiovasc Prev Rehabil 2010 JYU SINCE 1863 2812025 6



Biopankkiaineistot avaavat uusia mahdollisuuksia tutkimukselle

Graphical Abstract

Association of accelerometer-derived physical activity with all-cause and
cause-specific mortality among individuals with cardiovascular disease

Any intensity and any duration of physical activity
8,024 UK Biobank participants 3ssociated with lower risk of all-cause and cause-specific
' mortality in individuals with CVD
H Mean age:

Q Sen:
-~ . ' : Dose-response association
Light physicai = Moderate o =R E L E of PA with all-cause
aglwg YR physical . mortality was L-shaped in
Ay oy SR =
Vigorous = Moderate-to-
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activity = activity J{g
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Follow-up:

w All-cause
mortality
(N =651)

Cancer CvD

mortality  |gp|| mortality
(N =273) (N=219)

43.0 %, 24.9%, and 52,1% of
all-cause, cancer, and CVD
deaths were attributed to =45
minutes/week of VPA

Papulation attribatalle fractisn (%)

The research design and key findings of the current study. LPA, light-intensity physical activity, MPA, moderate-intensity physical activity, VPA, vig-
orous-intensity physical activity, MVPA, moderate-to-vigorous-intensity physical activity; PA, physical activity, CVD, cardiovascular disease.

Keywords Accelerometer = Physical activity » Cardiovascular disease = Mortality
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Litkuntalaakeresepti

Guideline for cardiac patients:

Endurance fraining
Frequency

Intensity

Modality
Duration

Resistance training
Frequency
Intensity

Modality

Duration

=5 diwk

55%—90% maximum predicted HR" or
40%—80% 'EI'IJEH'IEIK or HR reserve
RPE 12-16

Walking, treadmill, cycling, etc
30-60 min

2-3 d/wk

50%—80% of 1-AM
or RPE 12-16
1-3 sets of 8-15 repetitions per exercise

Lower extremity: leg extensions, leg curls,
leg press. Upper extremity: bench press,
lateral pulldowns, biceps curl, riceps
extension

3045 min

HR indicates heart rate; maximum predicted HR=(220-age); RPE, rating of
perceived exertion; and 1-RM, single-repetition maximal lift.

*The HR range recommendation assumes that the individual is not taking
[-adrenergic-blocking medications. Modified from Shephard and Balady.*'

Fletcher et al. Circulation 2013

Endurance training
Frequency

Intensity

Modality
Duration

Resistance training
Frequency
Intensity

Modality

Duration

25 diwk

55%—90% maximum predicted HR" or
40%—80% "ilr!]IEITIHK or HR reserve
RPE 12-16

Walking, treadmill, cycling, etc
30-60 min

2-3 diwk
40%—-60% of 1-RM

or RPE 12-16
1-3 sets of 10-15 reps

Lower extremity: leg extensions, leg curls,
leg press. Upper extremity: bench press,
lateral pulldowns, biceps curl, triceps
extension

30-45 min

HR indicates heart rate: maximum predicted HR=(220-age): RPE, rating of

perceived exertion; and 1-RM, single-repetition maximal lift.

“The HR range recommendation assumes that the individual is not taking
(-adrenergic-blocking medications. Modified from Shephard and Balady.*"

JYU SINCE 1863.
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& Sepelvaltimotautipotilaan liitkkumisen suositus

= mielellaan paivittain, vahintaan 3-4 kertaa viikossa
= vahintaan 30 min (mielellaan 60 min}/ kerta
= yahintaan kohtuullisesti kuormittavaa fyysista aktiivisuutta, kuten reipasta kavelya, puutarhatoita tai kotitoita

= mielelladn paivittain, vahintaan 3 kertaa viikossa

= vahintaan 2,5 tuntia vitkossa, mielellaan 3-4 tuntia viikossa

= vahintaan 20 min (mielellaan 60 min}/ kerta

= kuntoutuksen alussa kevyesti tai kohtuullisesti kuormittava teho (RPE 12-14, tai 50 % maksimaalisesta suoritus- tai hapenottokyvysta).
Kuntoutuksen edetessa kuormitusta nostetaan asteittain (RPE >15 tai 80 % maksimaalisesta suoritus- tai hapenottokyvysta).

= 2-3 paivana viikossa
» §-10 suurimpia lihasryhmia kuormittavaa liiketta, 10-15 toistoa/liike ja 1-3 satjaa
= kohtuullisesti kuormittavalla teholla (RPE 10-16 tai (20) 40-60 % yhden toiston maksimista (1 RM))

RPE: Koettu fyysinen kuormittuneisuus asteikolla 6- 20, RM: Maksimitoistojen maara, esimerkiksi 1 RM = yhden toiston maksimikuorma.

Karhunen et al. Fysioterapia 2023 JYU SINCE 1863. 2812025 10



T Potilasesimerkki: ACS (sydaninfarkti)

- 68-v nainen, CAD, BMI 21

- non-STEMI, PCI (toimenpiteesta < 3 viikkoa)

- beetasalpaaja

- tupakointi el

- ejektiofraktio 69 (CCS 1)

- kliininen rasituskoe 110 W (6.9 METS)

- saanndllisen liikunnan harrastaja (> 3 krt/viikko)

JYU SINCE 1863. 28.1.2025 11



Litkuntaharjoittelun ohjelmointi ja toteuma 1 kk

1kk TUTKIMUSPAIVAKIRJA: PVM: 14.3.-13.4 2011
PVM | Viikon-|Harjoitteluchjelma Toteutunut harjoittelu Huomioitavaa
paiva | Laji Kesto | RPE Laiji Kesto | RPE

14.3.2011 | ma VERVE 45' 13 1 50 10

15.3.2011 ti 2 s 4 P ey A5 T ¢ i
16.3.2011 | ke | KESTAVYYS| 30’ 12 |20 044 s | 1-r7

17.3.2011 | to | KESTAVYYS| 30 12 | oo /2 e «
18.3.2011 pe ety el g

19.3.2011 la | KESTAVYYS | 30 14 |=20 i S

20.3.2011 | su e

21.3.2011 | ma VERVE 45' 13 | Verve o /2

22.3.2011 ti e i A Ak /4

23.3.2011 | ke | KESTAVYYS| 30 13 | cic.22, ;2

2432011 | to | KESTAVYYS| 30 13 | <dp— o z L

25.3.2011 pe LA Ut s S

26.3.2011 la | KESTAVYYS | 30 14 |sore pnmoe 5 s

27.3.2011 | su prap 2 I

28.3.2011 | ma VERVE 45’ 13 | eRvE 35 K

29.3.2011 ti D F

30.3.2011 ke | KESTAVYYS| 30 13 | zapnedp=- Fe) g

31.3.2011 | to | KESTAVYYS | 30 13 |kwwrdvvapad | & /%

1.4.2011 pe 7 ) EE /%

2.4.2011 la KESTAVYYS a0 14 | srrimn e ’S | Reremiks TR, i TR AR T
3.4.2011 sUu

4.4.2011 ma VERVE 45’ 13 | VERVE A0 /3

5.4.2011 ti __ StevAkavey | #5 | s<

6.4.2011 ke | KESTAVYYS| 30 EEr = 52 -3

7.4.2011 to | KESTAVYYS | 30 13 |<oc p Va 3

8.4.2011 pe

9.42011 la | KESTAVYYS | a0 18 |Crovaraire

10.4.2011 sU . X

1142011 | ma VERVE 45 13

12.4.2011 ti

1342011 | ke | KESTAVYYS | 30" 13

JYU SINCE 1863.
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Ml Liikuntaharjoittelun ohjelmointi ja toteuma 12 kk

I =TT PVM:31.1.2012.-1.3.2012
Viikon-|{Harjoittelughjelma Toteutunut harjoittelu Huomioitavaa
paiva Laji Kesto | RPE Laiji Kesto RPE
31.1.2012 | ti | KESTAVYYS| 40’ 12 | idp=zy o | /3 lhmzy /37— 5
1.2.2012 | ke e FLEZ Y /3 '
2.2.2012 to | KESTAVYYS | 40 12 s =zy ) e

3.2.2012 pe | LIHASKUNTO| 3 kierr. 13
4.2.2012 la KESTAVYYS | 4x4'/3' 15 | /i 3 S5 S S =S
522012 suU T e B 3 e i

6.2.2012 ma |[LIHASKUNTO| 3 kierr. 13 [Lrsmarean | &5 e W TH S
7.2.2012 ti KESTAVYYS 40 12 |crwacecva| &0 Py NI e

8.2.2012 ke A U2y ) S |
9.2.2012 to | KESTAVYYS| 40 12 lramracvo? oo /1 L s Tt o e 10 P

10.2.2012 | pe |LIHASKUNTO| 3 kierr.| 13

11.2.2012 la KESTAVYYS | 4xd/3' | 15 |Ag cimz vy o | /5T | exb 1’

12.2.2012 su e A T A Oon e

13.2.2012 | ma |LIHASKUNTO| 3kierr.| 13 | = .o - &y | s3

14.2,2012 ti KESTAVYYS | 40 12 | meorerssecd L0 ey

15.2.2012 ke A e &l A2

16.2.2012 to KESTAVYYS 40 12 lorereotm Lo _
17.2.2012 pe |LIHASKUNTO| 3 kierr. 13 | eminvon a0 /3 St T (it 2 e
18.2.2012 la KESTAVYYS | 4x4'/3' 15

19.2.2012 su A T & - L & 3
20.2.2012 | ma |LIHASKUNTO| 3 kierr. | 13 |« ee<,c00l 45 0 /3 M o Y ST
21.2.2012 ti KESTAVYYS 40 12 LA iearwerory & Sz M P e AT
2222012 | ke A £ oo >N

23.2.2012 to KESTAVYYS | 40 12 | 1, = s 1 A TONF e ST
2422012 | pe |LIHASKUNTO| 3 kierr. | 13 |/ 4w mocem & | /3 Al TS A2 -
25.2.2012 la KESTAVYYS | 4x4'/3' 15 |Permuwe= e 43 P L de S
26.2.2012 su FE A PO s ’ 3
27.2.2012 ma |LIHASKUNTO]| 3 kierr. 13 e worrevi 7D A D A1 LA T A
28.2.2012 ti KESTAVYYS 40" 12 | omcevcrn| Lo P PRy WY .Y
2022012 | ke L 7 o " | 2 | i o5t — )2
1.3.2012 to KESTAVYYS 40’ 12

JYU SINCE 1863. 28.1.2025 13



| Reipasta fyysista aktiivisuutta (> 3.5 METS)
noin tunti joka paiva'

P—
I Reipas fyysinen aktiivisuus (minuuttia/pva)

130 -+
120 f----
110 f----
100 J----
g0 f---
50 J---
704
&0

40
30§
20§
10§

T T T T T T T T T T T T
25.3.2011 11.4.2011 252011 9.5.201 23.5.20M 10.6.2011 216.20M 2.7.2iM 15.8.201 5.9.20M 211.20M 23.1.912

M Li=34 likuntaa Hyvin menee

Vrt. harjoituspaivakirja 1. kk

Vrt. harjoituspaivakirja 12. kk

JYU SINCE 1863. 28.1.2025 14




Harjoittelun vaikutus sykkeeseen:

2 6 x vilkossa, 30 min kerrallaan, reipasta kavelya/holkkaa 8 viikon ajan

Ennen Jalkeen

74 — 62 krt/min

106 560 =——mepp 89 280 lyontia / vuorokausi

39 milj. =——)p 32 milj lyontia/ vuosi

Nettovaikutus 6 miljoonaa lyontia vahemman vuodessa

Sydamella 60 tyopaivaa viahemman vuodessa!

JYU SINCE 1863. 28.1.2025 15
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EFFECTIVENESS
AND EFFICIENCY

RANDOM REFLECTIONS ON
HEALTH SERVICES

Does it work

A.L.Cochrane in practice?
CBE, FRCP
Director
MRC Epg:::t;l'g.{agy Unit

JYU SINCE 1863. 28.1.2025 17




I : Exercise-based CR is recognized as a key component
of comprehensive disease management

23,430 patients with CHD (post-MI/PCI/CABG, or stable angina)
found that CR was associated with:

% This updated Cochrane systematic review and meta-analysis of 85 RCTs in

Better Reduced risk of
= Va 4
% &
i ) T
» Health-related quality ¢ Cardiovascular mortality
of life e Myocardial infarction
e Cost-effectiveness e Hospitalization

Exercise-based CR is recognized as a key component of comprehensive disease management. CABG, coronary artery bypass graft; CHD, coronary
heart disease; M|, myocardial infarction; PCI, percutaneous coronary intervention; RCTs, randomized controlled trials.

Dibben et al. European Heart Journal 2023 JYU SINCE 1863. 2812025 18




2 Etakuntoutuksen vaikuttavuus

« Kotona toteutettu sydanpotilaiden etakuntoutus lisaa fyysista toimintakykya ja
aktiivisuutta seka vahentaa depressiota verrattuna sydanpotilaiden tavanomaiseen

Jatkohoitoon EY.

o Kotona toteutettu sydanpotilaiden etakuntoutus verrattuna suositusten
mukaiseen sydankuntoutukseen lisaa fyysista toimintakykya ja aktivisuutta,
elamanlaatua, ladkehoidon toteutumista, tupakoinnin lopettamista ja

fysiologisissa riskitekijoissa tapahtuvia suotuisia muutoksia yhta paljon. Myos
depression oireet ja sairaalaan joutuminen sydansyista vahenee samalla tavalla

molemmissa rynmissa Y.

B Ramachandran et al. Effectiveness of home-based cardiac telerehabilitation as an alternative to Phase 2 cardiac
rehabilitation of coronary heart disease: a systematic review and meta-analysis. Eur J Prev Cardiol 2022;29:1017-1043

Fysioterapiasuositukset — Suomen Fysioterapeutit Ry - Duodecim (terveysportti.fi) 28.1.2025



https://www.terveysportti.fi/apps/dtk/sfs/article/sfs00002?toc=900

= COCh rane :E;:‘l;ti:ls:)-based cardiac rehabilitation for coronary heart disease
% /o Library

Cochrane Database of Systematic Reviews Dibben G, Faulkner J, Oldridge N, Rees K, Thompson DR, Zwisler AD, Taylor RS

A small body of economic evidence was identified, indicating exercise-based cardiac rehabilitation to be cost-effective.

Table 2. Summary of costs of exercise-based rehabilitation and usual care

Author/ Briffa 2005 Hambrecht Hautala 2017 Kovoor 2006/Hall Maddison Marchionni  Oldridge Yu 2004
2004 2002 2014 2003 1991/93

year

Cost of rehabilitation

Mean cost/patient AUD 694 NR EUR 299 AUD 394 EUR 127 USD 5246 UsSD 670 NR

Total healthcare costs

Absolute difference  AUD 395 UsD -2378 EUR-1083 NR NR USD 4839 USD 480 USD -415

In mean cost/pa-
tient*

HUOM! Kustannusten suora vertailu ei ole mahdollista eri maissa toteutetuissa tutkimuksissa johtuen eri valuutoista,
erilaisista terveyspalvelujarjestelmista, kuntoutuksen sisallosta ja seurannan kestosta, joten vertailua tehtiin kuntoutus -

ja tavanomaisen hoidon ryhmien valilla kussakin maassa.

Dibben et al. Cochrane Database of Systematic Reviews 2021 JYU SINCE 1863 2812025 20
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Scand J Med Sci Sports 2016; ee: se—ee ® 2016 John Wiley & Sons ASS.
I doi: 10.1111[sms. 12738 Published by John Wiley & Sons Ltd
SCANDINAVIAN JOURNAL OF
MEDICINE & SCIENCE
IN SPORTS

Economic evaluation of exercise-based cardiac rehabilitation in
patients with a recent acute coronary syndrome

A. J. Hautala', A. M. Kiviniemi®, T. Mikikallio?, P. Koistinen®, O.-P. Ryynianen®, J. A. Martikainen, T. Seppiinen’,
H. V. Huikuri’, M. P. Tulppo’

'Center for Machine Vision and Signal Analysis, Faculty of Information Technology and Electrical Engineering, University of
ulu, Ouwlu, Finland, - Medical Research Center Oulu, Oulu University Hospital and University of Ouwlu, Oulu, Finland, " Socia
Oulu, Oulu, Finland, -Medical R h Center Oulu, Oulu U ty Hospital and tv of Oulu, Oulu, Finland, * Social
and Health Services, City of Oulu, Oulu, Finland, " Kuopio University Hospital, University of Eastern Finland, Kuopio, Finland,
and Health S frr.GEfJIFIF“hpL tv Hospital, U tv of Eastern Finland, Kuopio, Finland
" Pharmacoeconomics & QOuicomes Research Unit, School of Pharmacy, University of Eastern Finland, Kuopio, Finland
Corresponding author: Arto J. Hautala, PhD, Center for Machine Vision and Signal Analysis, Faculty of Information Technology
and Electrical Engineering, P. O. Box 4500, FI-90014 University of Oulu, Finland. Tel: + 358 50 523 6861,
E-mail: arto.hautala(@ oulu.fi

Accepted for publication 28 June 2016
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Terveydenhuollon kustannuksisssa saastetaan

Vi
T
Description of resource Rehabilitation Usual care
Mean (without Mean (with Mean (without Mean (with
imputation; n=78) imputation; n = 109) imputation; n = 70) imputation; n = 95)
Primary health care costs (€) 346 357 418 483
Secondary health care costs (€) 814 1162 2142 2479
Occupational health care service costs (€) 117 126 69 65
Exercise-based cardiac rehabilitation costs (€) 375 299 0 0
Total average cost per patient (€) [ 1652 1944 2629 3027 |
Incremental cost (€)* —865 —-1103
(—1765 to —119) (—2249 to —49)
Average utility at the baseline 0.917 0.908 0.897 0.900
Average change in 15D utility —0.008 0.013 —0.020 —0.012
Baseline-adjusted mean QALYs at 12 months' 0.909 0.922 0.878 0.885
Adjusted incremental QALYs gained* 0.037 0.045
(0.028-0.047) (0.023-0.077)
ICER Dominant option? Dominant option?

*Means and 95% Cls are estimated using non-parametric bootstrapping.

TQALYs adjusted for baseline 15D utility using regression-based adjustment; R, rehabilitation: UC, usual care: QALY, quality-adjusted life year: ICER,
incremental cost-effectiveness ratio.
*Intervention is less costly and more effective.

Hautala et al. Scand J Med Sci Sports 2017 JYU SINCE 1863. 2812025 22




Petrou and Gray BMJ 2011

Kustannusvaikuttavuustaso

Maximum acceptable incremental
cost effectiveness ratio
North New North
west treatment east
more
costly
‘ ’000
Existing treatment New treatment more
dominates effective but more costly

New New
treatment fc\ treatment

less - 4 more
effective o ; effective

New treatment less New treatment
costly but less effective dominates
Y
New
s treatment

South less South
west costly east
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o Litkunnallinen sydankuntoutus on kustannusvaikuttavaa

I 500 1

-0,04 0,08
)
@
8
o O
8
c
Q@
S
D
@]
£
O
-3500 -
Incremental QALYs
@ No imputation (n=148)
O Imputation (n=202)
Hautala et al. Scand J Med Sci Sports 2017 JYU SINCE 1863. 2812025 24



Machine learning models in predicting health care ) Check for updates
costs in patients with a recent acute coronary
syndrome: A prospective pilot study

Arto J. Hautala, PhD,* Babooshka Shavazipour, PhD," Bekir Afsar, PhD,’
Mikko P. Tulppo, PhD,* Kaisa Miettinen, PhD'

From the *Faculty of Sport and Health Sciences, University of Jyvaskyla, Jyvaskyla, Finland, "Faculty of
Information Technology, University of Jyvaskyla, Jyvaskyla, Finland, and *Research Unit of
Biomedicine and Internal Medicine, Medical Research Center Oulu, Oulu University Hospital,

University of Oulu, Oulu, Finland.

Hautala et al. Cardiovascular Digital Health 2023 JYU SINCE 1863. 2812025 25



~_ Masennus terveydenhuollon kustannusten _
781 paaasiallisena tekijana sydanpotilailla tavanomaisessa hoidossa

- 12

- 10

Diabetes (11
Hemoglobin Alc (12) -

Body Mass Index (13) -

1 | 1 I 1
PLSC PLSR CCA  PLSSVD F-value

Figure 1  Rank aggregation of the risk factors calculated by different methods (each column represents a feature selection method). The lower rank value
(darker color in the heatmap) denotes the higher importance of the risk factor. CCA = canonical correlation analysis; LDL = low-density lipoprotein; PLSC
= partial least squares canonical analysis; PLSR = partial least squares regression; PLSSVD = partial least squares based on singular value decomposition;
F value = value from the analysis of variance.

Hautala et al. Cardiovascular Digital Health 2023 JYU SINCE 1863. 2812025 26



Diabetes on ensisijainen terveydenhuollon kustannuksiin vaikuttava tekija

% liikunnallisen sydankuntoutuksen rynméassa
Exercise- based cardiac rehabilitation 1883+2662€ Usual care 2601+5378€
Diabetes Depression Scale
Body mass index LDL cholesterol
Systolic blood pressure Ejection fraction
Age Maximal exercise capacity
Smoking Quality of life, 15-D
Maximal exercise capacity Age

~ AUDIT-C for alcohol use Gender
Ejection fraction Smoking
HbA1c Systolic blood pressure
LDL cholesterol AUDIT-C for alcohol use
Quality of life, 15-D Diabetes
Gender HbA1c
Depression Scale Body mass index

Hautala et al. Front Public Health 2024

JYU SINCE 1863. 28.1.2025 27
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% Yhteenveto

* Saannollinen likkuntaharjoittelu ja fyysisesti aktiivinen elamantapa arjessa
ovat koko elaman mittainen henkilokohtainen projekti, joka kuuluu keskeisena
osana sydansairauksien ennaltaehkaisyyn, hoitoon ja kuntoutukseen.

* Lilkunnallisen sydankuntoutuksen vaikuttavuudesta on vahva sekéa kliinisen
valkuttavuuden etta kustannusvaikuttavuuden naytto.

JYU SINCE 1863. 28.1.2025 29
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