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I ORIGINAL ARTICLE

Exercise capacity and mortality - a follow-up study of 3033 subjects referred
to clinical exercise testing

Raija Korpelainen®™**, Jenni Limsa®*, Kaisu M. Kaikkonen®, Juha Korpelainen®, Jari Laukkanen®,
llkka Palatsi®, Timo E. Takala® Tiina M. Ikdheimo® and Arto J. Hautala®

ABSTRACT

Background: Exercise stress testing is used as a diagnostic and prognostic tool. We determined
the prognostic significance of exercise test findings for cardiovascular (CVD) and all-cause mortal-
ity in men and women.

Material and methods: 3033 subjects underwent a symptom-limited bicycle exercise test.
Exercise capacity was defined as the mean of last four minutes of exercise workload.

Results: During an average follow-up of 19 years, 186 (11.6%) CVD and 370 (20.6%) all-cause
deaths in men and 57 (5.0%) CVD and 155 (12.5%) all-cause deaths in women occurred. Among
exercise test variables (workload, ECG, BP, HR), exercise capacity was the strongest predictor of
mortality. Low exercise capacity (1st quartile) was associated with a hazard ratio of 4.2 (95% Cl:
1.7, 10.8) for CVD and 4.0 (95% Cl: 2.5, 6.4) for all-cause mortality compared with high exercise
capacity (4th quartile) among men and in women with a 54-fold (95% C: 1.2, 24.0) risk for CVD
and 2.3-fold (95% Cl: 1.2, 4.3) risk for all-cause montality, respectively. The relationship between
other exercise test variables and mortality was much weaker.

Conclusions: Among exercise test variables exercise capacity was the strongest predictor of CVD
and all-cause mortality in both genders, and especially CVD deaths in women.

KEY MESSAGES

e Exercise capacity was the most powerful predictor of CVD and all-cause mortality in both men
and women.
e Low exercise capacity is a strong predictor of CVD death, especially among women.

Korpelainen et al. Annals of Medicine 2016 29.8.2024
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Saannollisen lilkunnan vaikutuksia
3 sepelvaltimotaudin biologisiin riskitekijoihin

Liikunta
= 2000 kcal/vk (75 kg)
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Mukaellen Liikuntaladketiede — kirja, s. 355, Duodecim 2005.
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78 Ateroskleroosin muutos sepelvaltimoissa vuoden aikana suhteessa
T liikunnan maaraan ilmoitettuna energiankulutuksena viikossa
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Y Sydamen vagaalinen aktiivisuus lisaantyy terveilla aiemmin
T vahan litkuntaa harrastaneilla henkiloilla
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% Sydamen vagaalinen aktiivisuus ja 10 kuukauden kotiharjoittelu
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/8 Harjoittelun vaikutus sykkeeseen:
[ 6 x viikossa, 30 min kerrallaan, reipasta kavelya/holkkaa 8 viikon ajan

Ennen Jalkeen

74 ) G2 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 vahemman vuodessa
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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.

Nabel and Braunwald. NEJM 2012



Sydaninfarktipotilas kotiutuu sairaalasta nopeasti

CAD patient (no surgery)

Postpone Yes

exorcise tost ™™ Clinical, haemodynamic, and rhythm instability

[
Incomplete coronary revascularization and/or
LVEF< 40%
Yes I No
| }
Physical activity before PCI: Physical activity before PCI:
sedentary sedentary
Yes I No Yes l NO
‘ ‘ ‘ '
6 min 6 min submaximail Submaximal Symptom-limited
walking test steady-state incremental exercise lest
exercise test (*) exercise test (§)

“Stable CAD and post elective PCIl: Symptom-limited exercise testing can
be safely performed the day after routine PCI, but scarcely performed.”

Piepoli et al. Eur Heart J 2010
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Arkiaktiivisuutta ja litkuntaharjoittelua

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

EUROPEAN doi:10.109 3/eurheartj/ehqg2 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 29.8.2024



& Sepelvaltimotautipotilaan liitkkumisen suositus

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

= mielellaan paivittain, vahintadn 3 kertaa viikossa

= vahintaan 2,5 tuntia viikossa, 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= paivana viikossa
» 8-10 suurimpia lihasryhmia kuormittavaa liiketta, 10-15 toistoa/liike ja 1-3 sarjaa
= 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 29.8.2024
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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 ,YG,
4 4‘; e
i ) i} 3
» Health-related quality ¢ Cardiovascular mortality
of life e Myocardial infarction
e Cost-effectiveness ¢ 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 29.82024 20




Condition
reviewed

(year)

Coronary heart
disease (2021)

Sydankuntoutuksen vaikuttavuus
(Cochrane Database Systematic Review 2021)

Details

84 trials; median
follow-up 6 months;
23,172 participants,
primarily after Ml or
revascularization

Mortality

All-cause: RR 0.87,
95% C10.73-1.04
(25 trials; 9,946
participants; good
certainty)

CVD: RR 0.88, 95% Cl
0.68-1.15 (five trials:
5,360 participants;
moderate certainty)

CVD morbidity

CABG surgery:

RR 0.99, 95% ClI
0.78-1.27 (20 trials;
4,473 participants;
moderate certainty)

PCl: RR 0.86, 95% CI
0.63-1.19 (13 trials:
3,465 participants;

moderate certainty)

Fatal or non-fatal Ml: RR

0.72,95% C1 0.55-0.93
(22 trials; 7,432

participants; moderate

certainty)

Hospitalization

All-cause: RR 0.58,
95% C10.43-0.77
(14 trials; 2,030
participants; low
certainty)

CVD-related:

RR 0.80,95% ClI
0.41-1.59 (six trials;
1,087 participants;
low certainty)

Health-related
quality of life

SF-12/36,PCS: MD
1.23,95% Cl 1.04-3.50
(four trials; 1,104
participants; no
GRADE assessment)

SF-12/36, MCS5: MD
2.33,95% Cl 1.02-3.63
(four trials; 1,104
participants; no
GRADE assessment)

All outcomes are pooled outcomes at 6-12 months of follow-up, and quality assessment is based on the Grading of Recommendations Assessment, Development and
Evaluation (GRADE) system, unless otherwise stated. CABG, coronary artery bypass graft; CVD, cardiovascular disease; EQ5D VAS, EuroQoL Visual Analogue Scale;
HFrEF, heart failure with reduced ejection fraction; MCS, mental component score; MD, mean difference; MIl, myocardial infarction; MLWHF, Minnesota Living with Heart
Failure questionnaire; NR, not reported; PCI, percutaneous coronary intervention; PCS, physical component score; RR, relative risk; SF, Short-Form; SMD, standardized
mean difference. Serious adverse events defined as any untoward medical occurrence that was life-threatening, resulting in death or that was persistent or leading to substantial
disability; any medical event that had jeopardized the patient or required intervention to prevent it; any hospital admission or prolongation of existing hospital admission.

Taylor et al. Nature Reviews Cardiology 2021
e

29.8.2024




v Milla mekanismeilla sydanta suojaava vaikutus syntyy?

TABLE 1 Potential Cardioprotective Effects of Increased Lifestyle Activity,
Structured Exercise, and/or Improved Cardiorespiratory Fitness

Anti-inflammatory Reduced plasma level of C-reactive protein, which is a
biomarker of inflammation (10)
Antithrombotic Decreased platelet aggregation (11}

Enhanced fibrinolysis activity (12)

Antiarrhythmic Improved cardiac autonomic function (13,14)

Increased vagal tone and decreased sympathetic activity (14)

Antiatherogenic Improvement in established ASCVD risk factors

Improved endothelial function due to increased blood flow and
shear stress on arterial walls (15,16)

Enhanced synthesis and release of nitric oxide, which is responsible
for the inhibition of processes involved in atherugenesis {15)

Improved ASCVD Decrease in total cholesterol, LOL-C, and triglycerides (17)
risk factors

Increase in HDL-C levels (17)

Reduced blood pressure (18)

Increased insulin sensitivity (19)

Weight reduction (19)

Anti-ischemic Improved myocardial perfusion (20)

Raised ischemic threshold (11)

Ischemic preconditioning of the myocardium (21)

ASCVD = atherosclerotic cardiovascular disease; HDL-C = high-density lipoprotein cholesterol; LDL-C =
low-density lipoprotein cholesterol.

Sandesara et al. JACC 2015
e



The effects of exercise training on

[ sympathetic neural activation in advanced heart failure
MSNA (bursts/min)
or .\Q
60 -
50
60 min/session, 40
3 times/week,
for 4 months, 30 &
both aerobic and strength training, Om
HR 10% below the anaerobic threshold 20
10 p =.0006 p.':NS P:NE
i ; ; l _ |
Pre Post Pre Post Pre Post
HF exercise HF sedentary  Control exercise

Roveda et al. 3 Am Coll Cardiol 2003




| Prescribing exercise based on total energy expenditure

Weekly energy expenditure via leisure-time physical activity (kcal)
— / | >

500 1000 1500 2000 2500 3000

No progression of Decrease
e

coronary disease weight/fat

Modifying

Progression of risk factors Regression of
< . . —> . >
coronary lesions associated with coronary lesions
obesity

FIGURE 2. Impact of the amount of physical activity (kilocalories per week)
on angiographic, nisk factor, and weight loss outcomes associated with
exercise-based cardiac rehabilitation.

Franklin et al. Mayo Clin Proc 2013
e



y Kovatehoinen kestavyystyyppinen intervallinharjoittelu (HIIT) vs.
VB tasavauhtinen kestavyysharjoittelu (END) sepelvaltimotautipotilailla

END HIT
Variable n=11 n=11
Age (yr) 68 + 8 62 + 11
Height (m) 1.70 + 0.08 1.75 + 0.09
.. . . Weight (ko) 793 + 15.9 86.0 + 19.0
12 viikon interventio BMI (kgm 2) 273 1 4.2 279 + 4.9
2 X vilkossa CAD criteria (n)
Mi 6 )
MICT (END) EE'BG g [3;
'ggjopg'g continuous cycling Time since GAD event (d) 160 + 55 136 + 38
) 0 Medication classification (n)
ACE inhibitors 8 4]
HIT (HIIT) _ Antiplatelets 11 10
-Work: 10 X 1 min 89% PPO B-Blockers 7 10
-Rest: 1 min 10% PPO Calcium channel blockers 2 0
Diuretics 2 2
PPO: peak power output Statins 10 10

supervised exercise training data
Total work (kJ)
Mean work/session (kJ)
Mean heart rate (bpm)
Attendance per 24 sessions

3918 + 1048 1736
172 + 56 88
100 + 9 116
22 +3 19

\ /
Currie KD et al. Med Sci Sports Exerc 2013 JYU SINCE 1863. 29.82024 25




Endoteelifunktio paranee samalla tavalla

[_1Pre-Training
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Currie KD et al. Med Sci Sports Exerc 2013

Training Protocol

JYU SINCE 1863.

29.8.2024
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Fysiologinen adaptaatio erityyppiseen harjoitteluun

¢
I

Endurance Exercise | Endurance Exercise

Muscles

Metabolism

Vascular Function

High Intensity

Moderate Intensity

D

|

Tucker WJ, et al. J Am Coll Cardiol. 2022;80(11):1091-1106.

Tuccer W. et al. JACC 2022

Resistance
Exercise

0, Uptake and Utilization:
t Skeletal muscle capillary density
% Capillary-to-fiber ratio
% Percent type | (oxidative) muscle fibers
* Mitochondrial content and function
=) | Body weight tExercise capacity

Different modes of exercise and
exercise intensity trigger
different adaptations and effects

#Insulin Sensitivity and Lipolysis:
4 GLUT-4
% Lipase activity
+ Adipocyte size and lipid content

=) | Blood glucose, triglycerides, body weight

on muscle energy metabolism,
liver energy metabolism,
endothelial function and
myocardial function.

40, Transport and Delivery:
* NO-dependent conduit artery dilation
t Conduit artery size
t Arteriole vasodilatory capacity

t Arteriole density
=) | Blood pressure

LV = left ventricle; NO = nitric
oxide.

4
% LV end-diastolic volume
t LV mass
t LV chamber compliance

JYU SINCE 1863. 29.8.2024 27




EFFECTIVENESS
AND EFFICIENCY

RANDOM REFLECTIONS ON
HEALTH SERVICES

Does it work

A.L.Cochrane in practice?
CBE, FRCP
Director
MRC Epéf::s;‘gﬁagy Unit




= COCh rane :E;::i: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 USD 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 29.8.2024



o Terveydenhuollon kustannuksissa saastetaan

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 29.8.2024




Kustannusvaikuttavuustaso

I Maximum acceptable incremental
cost effectiveness ratio
North New North
west treatment east
more
costly
‘ .'.'
Existing treatment New treatment more
dominates effective but more costly

New New
treatment T Y treatment

less ,\C/ ™ more
effective effective

New treatment less New treatment
costly but less effective dominates
Y
New
o treatment
South less South
west costly east
Petrou and Gray BMJ 2011 29.8.2024



v Lilkunnallinen sydankuntoutus on kustannusvaikuttava ja tehokas hoito

I 500 A
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® No imputation (n=148)
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Hautala et al. Scand J Med Sci Sports 2017 29.8.2024




¢ Sisalto

Kunta ja sydanterveys: ennaltaehkaisy

Kunta sepelvaltimotautipotilaan hoidossa ja kuntoutuksessa

Kuntapainotteisen sydankuntoutuksen vaikuttavuus

* Yhteenveto




I Yhteenveto

» Saanndllinen lilkkunta edistaa sydanterveytta.

» Saannollinen arjen fyysinen aktiivisuus ja liikuntaharjoittelu
muodostavat sydankuntoutuksen tukipilarin.

» Saannolliseen lilkkuntaan perustuva sydankuntoutus on vaikuttava ja
kustannusvaikuttava terveydenhuollon resurssien kayton
toimintamalli verrattuna tavanomaiseen sydanpotilaan jatkohoitoon.

JYU SINCE 1863. 29.8.2024 34
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