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Effective physical activity and exercise
training for control of blood lipids



LEUVEN Effect of Exercise training on Dyslipidaemia

Table 2 Effect of exercise (acrobic and resistance) traming on the blood lipid profile

)

Training group Control group Change in blood lipid’ WMD
[ [ (mmol/L) (95%CI) 95% CI Random)
(number of studies=31) aerobic
TC 757 014 0.10 (0.02, 0.18) R EEEE
HDL-C 98) 84 —0.05 (- 008, —0.02) N |
LDL-C 843 742 0.10 (0.02, 0.19) )
TG 907 192 0.08 (0.02, 0.14) -
(number of studies=4*) resistance
TC 92 05 0.06 (—0.26, 0.37) R
HDL-C 75 56 —0.05 (= 0.19,0.10) e
LDL-C 75 56 0.40 (0.07, 0.73) e
TG 79 57 —0.03 (- 0.16,0.09)

'Change expressed as mean change in training Group — mean change in control Group, when change s baseline — final lipid values.

2Weighted mean difference (95% CI Random).

* Hersey (1994) included both aerobic and resistance training groups.

Halbert et al. Eur J Clin Nutr 1999
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B VA" 3 | Effect of three different exercise programs
on LDL and HDL

Change in Concentration of
Small LDL Cholesterol (mg/dl)
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Effect of exercise training on Lipid profile: HDL

Multicomponent® VS resistance training

AN

Changes on TG, TC, LDL-C andwexperimental protocol for both groups.

A

ME (n=36) RE (n=138)

Pre Post ¥ Change? i Pre Post % Change? i
TG (mg/dl) 1193+ 43 1121 £45 =51 0.006 1132 £ 8. 1094 £ 8.1 =29 0.231
TC(mg/dl) 2255+ 47 2256 £ 47 07 0988 2231 £65 2183 £6.7 -1.7 0.556
LDL-C (mg/dl) 1525 + 44 1524+ 48 07 0979 1566 £5.0 1541 £65 -15 0.609
HDL-C (mg/dl) 45408 491£08 93 463 £ 16 49112 74 0.075

Values are mean+S.E. ME: multicomponent exercise; RE: resistance exercise; TG: triglycerides; TC: total cholesterol; LDL-C: low-density lipoprotein cholesterol; HDL-C:

high-density lipoprotein cholesterol. p values for pre-training vs. post-training.
3 |(post-training - pre-training)/pre-training| x 100,

* Multicomponent = endurance and resistance exercises

E. Marquesa, J. Motaa Maturitas. 2009 Apr 6.
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W 0)"/ '] Effective physical activity and exercise
training for control of blood lipids

Mini summary

It has not yet been established how much exercise is syndrome. Exercise training should be scheduled in 3-
required in order to improve the lipid pattern and, 4 sessions/week of at least 20min each and should

ardiov: ] involve aerobic activity, such as brisk walking, jogging,
data currently available seem to indicate that a moder- or cycling. Moderate-intensity resistance exercise can
ately intense aerobic exercise programme is sufficient to efficaciously be combined with this in order to improve
improve TG and HDL-C, while a more demanding reg- || musculoskeletal efficiency and to increase lean body
imen does not offer further significant advantages. It mass.

energy expenditure, is of greater importance than the
intensity of training. A threshold value of about
1000 kcal/week has been identified as the energy expen-
diture required in order to achieve a significant increase
in HDL-C. Moderate PA involving energy expenditure
greater than 1000kcal/week, and carried out at inten-
sity equal to 75-85% of the HR,,,, would therefore
Genei . 1 . b lombosmt]
majority of individuals. Recent data, however, seem
to suggest that high-intensity aerobic interval training
could increase HDL-C more than moderate-intensity
continuous training in patients with metabolic

Vanhees et al, EJPC, 19(5):1005-1033
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LEUVEN Effective physical activity and exercise
training for control of blood pressure and

arterial compliance

Table 4. Minimum exercise prescription recommendations in the prevention and management of hypertension

Mode Intensity Duration Frequency
Aerobic (endurance) Moderate: 40-60% 30 min 5 days/week
(walking, cycling, of HRR or 12-13 RPE
jogging, running)
OR
Vigorous: 60-84% 20 min 3 days/week
of HRR or 14-16 RPE
AND
Resistance (strength) 8-12 repetitions resulting One set of 8-10 exercises 2 or more non-consecutive
(progressive weight training in substantial fatigue (multiple sets if time allows) days/week

using major muscles, bodyweig
exercise, theraband exercise)

HRR, heart rate reserve derived from individual maximal exercise testing; RPE, Borg rating of perceived exertion (6-20 scale). Combinations of
moderate- and vigorous-intensity aerobic activity can be performed to meet the weekly recommendations (e.g. 2 x 30 min moderate sessions and
2 x 20 min vigorous sessions). Adapted from Sharman & Stowasser.'*

Vanhees et al, EJPC, 19(5):1005-1033
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Effective physical activity and exercise
training for control of blood pressure and
arterial compliance
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LEUVEN Exercise Capacity and Mortality in Hypertensive Men
With and Without Additional Risk Factors

* Risk Factors
15 147 [[] No Risk Factors
: * p<0.007
+ p=0.016
1.00
E 1.0‘ -
[
2
w ks
5 1 0.48 %
= 0.5 o
= 0.37 ¢.33
=
0.0 ++

=5 METs 5.1-7 METs 7.1-10 METs >10 METs

ifferent from the very-low-fit (< 5 METs) with no
risk factors
T Different from the low-fit (5.1 to 7 METs) with risk factors
Figure. Mortality risk Withifi eaciv fithess category for hyperten-

sive individuals with and without additional risk factors.

Kokkinos P. et al., Am Heart J. 2009
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LEUVEN Exercise Capacity and All-Cause
Mortality

in Prehypertensive Men

Cumulative survival for individuals Cumulative survival for individuals
<60 years of age >60 years of age
104 w— 1.0
>10 METs (n=898) —<

_ 09 : N o

[ T 0.8 ~~_>10 METs (n=150)

= 8.1-10 METs (n = 927) z il S

> 0.8 - - 8.1-10 METs (n'=254)

2 6.1—8 METs (n=635) 2

é‘ 0.7 5 0.6 |

E ‘
a 06 7 3 ~~6.1-8 METs (n = 453)
<6 METs (n = 385) 04-
05 <6 METs (n=776)
0.0 5.0 10.0 15.0 20.0 25.0 0.'0 STO 10‘.0 15:.0 2(;.0
Follow-up (years) Follow-up (years)
Number of remaining cases Number of remaining cases

>10 METs 898 609 323 118 41 >10 METs 150 100 59 15
8.1-10 METs 927 634 342 191 60 8.1—-10 METs 254 182 107 40
6.1-8 METs 635 459 254 160 42 6.1-8 METs 453 332 173 89
<6 METs 385 274 169 104 30 <6 METs 776 529 298 171

> A strong, inverse and graded association between exercise capacity and all-cause mortality.
> More protective effects of increased fitness in younger individuals

—> age should be more closely considered when assessing fitness and mortality relationships.

Kokkinos P. et al., Am J Hypertens. 2009
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W3 V)3 '] Net-training induced changes in BP after
dynamic aerobic endurance training.

Meta-analysis by Cornelissen et al. Hypertension 2005

Net Change (95%Cil)
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THE IMPACT OF DYNAMIC RESISTANCE
TRAINING ON BLOOD PRESSURE AND
OTHER CARDIOVASCULAR RISK FACTORS:
A META-ANALYSIS OF RANDOMIZED
CONTROLLED TRIALS

Cornelissen V, Fagard R, Coeckelberghs E, Vanhees L. Hypertens 2011; 66(4): 1577-85
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A4¥)"J3,] Systolic Blood Pressure

DYNAMIC RESISTANCE TRAINING
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Figure 1. Average net changes in systolic blood pressure and corresponding 95% confidence limits in 28 randomized, controlled trials
involving 33 study groups. The overall effect represents a pooled estimate obtained by summing the average net change for each trial,
weighted by the inverse of its variance. Open squares represent optimal blood pressure study groups; half-closed squares represent

prehypertensive study groups; closed squares represent hypertensive study groups.

Cornelissen V, Fagard R,
Coeckelberghs E, Vanhees L.
Hypertens 2011; 66(4): 1577-85
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B30\ 3,1 Diastolic Blood Pressure
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Figure 2. Average net changes in diastolic blood pressure and corresponding 95% confidence limits in 28 randomized controlled trials
involving 33 study groups. The overall effect represents a pooled estimate obtained by summing the average net change for each trial,
weighted by the inverse of its variance. Open squares represent optimal blood pressure study groups; half-closed squares represent

Net change in diastolic BP (mmHg)

prehypertensive study groups; closed squares represent hypertensive study groups.

Cornelissen V, Fagard R,
Coeckelberghs E, Vanhees L.
Hypertens 2011; 66(4): 1577-85
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LEUVEN

Comparison of Cardioprotective Benefits of Vigorous Versus
Moderate Intensity Aerobic Exercise: effect of exercise intensity
on blood pressure

Clinical trials of exercise intensity and blood pressure with total work equated between groups

Study Age (yrs)/Sex Study Training No. Change in Change in
Length Intensity per Group VO,;max Blood Pressure
Asikainen et al® Postmenopausal F 24 wks 65% VO, max 87 1 | diastolic BP
55% VO, max 20 1 No effect
457, VO, max 21 ? No effect
Braith et al* 60-79 M&F 3mo 85% HRR 14 1 | systolic and diastolic BP
Kang et al* 13-16 M&F 8 mo 77% VO,;max 20 1 | diastolic BP
57% VO,max 21 No effect No effect
Tashiro et al® 33-57 M&F* 10 wks 75% VO,max 8 Not reported | systolic and diastolic BP
50% VO,max 8 | systolic BP only

* Subjects in Tashiro et al* were initially hypertensive.
HRR = heart rate reserve; other abbreviations as in Table 2.

Swain and Franklin; Am J Cardiol, 2006
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LEUV = Effective physical activity and exercise
training for control of blood pressure and
arterial compliance

Table 4. Minimum exercise prescription recommendations in the prevention and management of hypertension

Mode Intensity Duration Frequency
Aerobic (endurance) Moderate: 40-60% 30 min 5 days/week
(walking, cycling, of HRR or 12-13 RPE
jogging, running)
OR
Vigorous: 60-84% 20 min 3 days/week
of HRR or 14-16 RPE
AND
Resistance (strength) 8-12 repetitions resulting One set of 8-10 exercises 2 or more non-consecutive
(progressive weight training in substantial fatigue (multiple sets if time allows) days/week

using major muscles, bodyweig
exercise, theraband exercise)

HRR, heart rate reserve derived from individual maximal exercise testing; RPE, Borg rating of perceived exertion (6-20 scale). Combinations of
moderate- and vigorous-intensity aerobic activity can be performed to meet the weekly recommendations (e.g. 2 x 30 min moderate sessions and
2 x 20 min vigorous sessions). Adapted from Sharman & Stowasser.'*

Vanhees et al, EJPC, 19(5):1005-1033




KATHOLIEKE UNIVERSITEIT

Effects of different kinds of physical activity
and exercise training

On Cardiovascular Risk Factors

1. Blood Lipids

2. Insuline / Blood Glucose
3. Obesity / Weight

4. Blood Pressure

5. Multiple Risk Factors
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Sports Med (2013) 43:121-133
DOI 10.1007/s40279-012-0003-z

SYSTEMATIC REVIEW

The Effect of Exercise on the Cardiovascular Risk Factors
Constituting the Metabolic Syndrome

A Meta-Analysis of Controlled Trials

Nele Pattyn *+ Véronique A. Cornelissen -
Saeed R. Toghi Eshghi - Luc Vanhees
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LEUVEN

Metabolic syndrome — Waist circumference

Exercise and Metabolic Syndrome: Meta-Analysis

Mean Difference

Mean Difference

Study or Subgroup IV, Fixed, 95% CI Year IV, Fixed, 95% CI

Dumortier et al.[14] ~7.60 [-20.03, 4.83] 2003 -

Gomes et al.[16] 3.00 [-3.56, 9.56] 2008 — -

Irving etal.[17] A 0.60 [-11.10, 12.30] 2008 o

Irving et al.[17] B 5.10 [-5.84, 16.04] 2008 o

Tjenna et al.[18] A -11.50[-22.89, -0.11] 2008 =

Tjenna et al.[18] B -12.90 [-26.90, 1.10] 2008 -

Stensvold et al.[21] -2.10 [-10.53, 6.33] 2010 -

Balducci et al.[20] -3.70 [-5.36, —2.04] 2010 .

Total (95% ClI) -3.36 [-4.87, —1.84] ‘

Heterogeneity: x> = 10.78, df = 7 (p = 0.15); 1 = 35% I I I T

Test for overall effect: Z = 4.35 (p < 0.0001) -20 -10 0 10 20
Favours experimental Favours control

Fig. 2 Average net changes and corresponding 95% confidence
intervals for waist circumference. Tjgnna et al. [ 18] A and B represents
moderate continuous training programme and aerobic interval train-
ing programme, respectively; and Irving et al. [17] A and B represents

Pattyn et al, Sports Med (2013), 43:121-132

high-intensity training and low-intensity training, respectively. CI
confidence intervals, df degrees of freedom, IV intervention, 7> Chi-
squared
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LEUVEN
Metabolic syndrome — SBP

Mean Difference

Mean Difference

Study or Subgroup IV, Fixed, 95% CI Year IV, Fixed, 95% CI

Watkins et al.[15] ~5.00 [-14.60, 4.60] 2003 e B

Gomes et al.[16] -3.00 [-9.56, 3.56] 2008 —

Irving etal.[17] A -7.00 [-21.57, 7.57] 2008

Irving et al.[17] B -6.00 [-19.78, 7.78] 2008

Tjenna et al.[18] A —6.00 [-22.40,10.40] 2008 =

Tjenna et al.[18] B -20.00 [-37.67,-2.33] 2008 =

Stensvold et al.[21] —7.90 [-24.43, 8.63] 2010 =

Balducci et al. [20] —7.50 [-9.66, —5.34] 2010 .

Total (95% Cl) -7.11 [-9.03, -5.18] ‘

Heterogeneity: ¥ = 3.91, df =7 (p = 0.79); I = 0% T T T 1

Test for overall effect: Z = 7.23 (p < 0.00001) -20 -10 0 10 20
Favours experimental Favours control

[ig. 3 Average net changes and corresponding 95% confidence
ntervals for systolic blood pressure. Tjgnna et al. [18] A and
B represents moderate continuous training programme and aerobic
nterval training programme, respectively; and Irving et al. [17] A and

B represents high-intensity training and low-intensity training,
respectively. CI confidence intervals, df degrees of freedom, IV
. . 2 .

intervention, y~ Chi-squared

Pattyn et al, Sports Med (2013), 43:121-132
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LEUVEN
Metabolic syndrome — DBP

Mean Difference

Mean Difference

Study or Subgroup IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Watkins et al.[15] -4.00 [-8.90, 0.90] 2003 —aT
Gomes et al.[16] 1.00 [-4.61, 6.61] 2008 —
Irvingetal.[17] A —2.00 [-10.62, 6.62] 2008 I | E—
Irvingetal.[17] B 2.00 [-7.88, 11.88] 2008 -
Tjenna et al.[18] A ~7.00 [-19.05, 5.05] 2008 .

Tjenna et al.[18] B -14.00 [-26.89, —1.11] 2008 I

Stensvold et al. [21] —4.50 [-13.58, 4.53] 2010 =

Balducci et al. [20] -5.50 [-6.58, —4.42] 2010

Total (95% Cl) -5.15 [-6.16, -4.13]

Heterogeneity: > =9.67, df =7 (p = 0.21);1> = 28%
Test for overall effect: Z = 9.96 (p < 0.00001)

Fig. 4 Average net changes and corresponding 95% confidence
intervals for diastolic blood pressure. Tjgnna et al. [18] A and
B represents moderate continuous training programme and aerobic
interval training programme, respectively; and Irving et al. [17] A and

]
¢

T T T T
-20 -10 0 10 20

Favours experimental Favours control

B represents high-intensity training and low-intensity training,
respectively. CI confidence intervals, df degrees of freedom, IV
intervention, x> Chi-squared

Pattyn et al, Sports Med (2013), 43:121-132
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LEUVEN
Metabolic syndrome — HDL

Mean Difference

Mean Difference

Study or Subgroup 1V, Fixed, 95% CI Year 1V, Fixed, 95% CI
Dumortier et al.[14] 0.31 [-0.01, 0.63] 2003 »
Watkins et al.[15] 0.03 [-0.23, 0.29] 2003 O

Gomes et al.[16] -0.07 [-0.17, 0.03] 2008 —

Irving et al.[17] A 0.17 [-0.11, 0.45] 2008 o

Irving et al.[17] B 0.09 [-0.22, 0.40] 2008 T

Tjenna et al.[18] A 0.26 [-0.03, 0.55] 2008 -

Tjenna et al.[18] B 0.22 [-0.06, 0.50] 2008 =
Stensvold et al. [21] —-0.04 [-0.50, 0.42] 2010 B

Balducci et al.[20] 0.07 [0.04, 0.10] 2010 .

Total (95% ClI) 0.06 [0.03, 0.09] ‘
Heterogeneity: ¥ = 13.00, df =8 (p = 0.11); 1> =38% I I T I
Test for overall effect: Z = 4.27 (p < 0.0001) -20 -10 0 10 20

Fig. 5 Average net changes and corresponding 95% confidence
intervals for HDL-C. Tjgnna et al. [18] A and B represents moderate
continuous training programme and aerobic interval training pro-
gramme, respectively; and Irving et al. [17] A and B represents high-

Favours control Favours experimental

intensity training and low-intensity training, respectively. CI confi-

. . . 2 .
dence intervals, df degrees of freedom, /V intervention, y~ Chi-
squared

Pattyn et al, Sports Med (2013), 43:121-132
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LEUVEN

Metabolic syndrome — plasma Glucose

Mean Difference Mean Difference

Study or Subgroup IV, Fixed, 95% CI Year IV, Fixed, 95% ClI

Dumortier et al.[14] -1.59 [-3.25, 0.07] 2003 =

Watkins et al.[15] -0.29 [-0.74, 0.16] 2003 -

Gomes et al.[16] -0.33 [-1.18, 0.52] 2008 - =

Irving et al.[17] A 0.19 [-1.11, 1.49] 2008 O

Irving et al.[17] B —0.36 [-1.46, 0.74] 2008 -

Tjenna et al.[18] A -0.20 [-1.62, 1.22] 2008 |

Tjenna et al.[18] B -0.30 [-1.77,1.17] 2008 =

Stensvold et al.[21] -0.20 [-1.70, 1.30] 2010 -

Total (95% Cl) -0.31 [-0.64, 0.01] <&

Heterogeneity: ¥ =2.92, df =7 (p = 0.89); 12 = 0% I T I I

Test for overall effect: Z = 1.90 (p = 0.06) -2 -1 0 1 2

Favours experimental Favours control

Fig. 7 Average net changes and corresponding 95% confidence high-intensity training and low-intensity training, respectively.
intervals for plasma glucose. Tjgnna et al. [18] A and B represents CI confidence intervals, df degrees of freedom, /V intervention,
moderate continuous training programme and aerobic interval train- ;/_2 Chi-squared

ing programme, respectively; and Irving et al. [17] A and B represents

Pattyn et al, Sports Med (2013), 43:121-132
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Physical fithess matters more than physical activity in
controlling cardiovascular disease risk factors.

Improving outcomes with exercise: fitness or risk factors?

Phvsical Metabolic
ys! > syndrome/ CV
activity disease

Fithess

B. Sassen, V. Cornelissen, H. Kiers, H.Wittink, G. Kok, L. Vanhees , EJCPR, 2009.



KATHOLIEKE UNIVERSITEIT

LEUVEN

II HOGESCHOOL
I™ UTRECHT

Physical fitness matters more than physical activity in
controlling cardiovascular disease risk factors
assen et al, 2009

Table 1 Characteristics of 1298 police employees according to the number of CVD risk factors presen

0-1 risk factor 2 risk factors = 3 risk factors P value
Prevalence 751 (57.9) 305 (23.5) 242 (18.6)
Sex (% male) 60.7 72.4 81.4 <0.001
Age (years) 35.5+10.7 39.7+10.8% 44.8+9.4°° <0.001
Smoking habits present 150 (20.0) 82 (26.9) 65(26.9) <0.01
Smoking habits past 229 (30.5) 83 (27.2) 85 (35.1) <0.01
Weight (kg) 75.4%+12.1 83.5+11.7¢ 91.5+13.4%° <0.001
| Peak VO, (ml/kg/min) 375176 34.4+8.1° 31.0x7.5%" <0.001 |
Sedentary % of value 110.3x19.1 1074xt18.6 102.9£719.3%° <0.001
RER (VCO2/VO,) 1.07+£0.07 1.06£0.08 1.05+0.07° <0.01
Peak heart rate (bpm) 171.8+13.2 167.0+15.4% 164.4+16.3% <0.001
15A+14 15A+14 1565+1A NS
| g&?ﬁ 49+14 46+15° 43+15% <0.01 |
__PA hours 9.6+87 9.34+9.0 8.1+8.4 NS
|_PA MET-hours 474+438 449+459 376 +38,6° <0.01
PA MET-hours high 15.4+ 21.6 14.1 +£28.3 78+15.3*° <0.001
PA MET-hours moderate 20.5+25.6 18.5+£24.3 18.9+25.1 NS
PA MET-hours low 11.41+18.6 12.3+16.7 10.8+16.1 G\IS)

Values are numbers (%) or mean x SD. CVD, cardiovascular disease; METs, metabolic equivalent values; NS, not significant; PA, physical activity; PA hours, duration of
PA in hours/week; PA METs, average intensity of PA in METs; PA MET-hours, total volume of PA in METs x hours/week; PA MET-hours high, PA MET-hours divided by
level of intensity >6 METs x hours/week; PA MET-hours low; PA MET-hours divided by level of intensity low, <4 METs x hours/week; PA MET-hours moderate, PA MET-
hours divided by level of intensity 4-6 METs x hours/week; peak VO,, peak volume of oxygen consumption (ml/kg/min); RER, respiratory exchange ratio; VCO,, carbon
dioxide output. ®Different from 0—1 risk factor group. Different from 2 risk factors group.
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. . . 1|J HOGESCHOOL
8ling cardiovascular disease risk factors |

I™ UTRECHT

- - o .
o
RR 12 ; ®Quartile! mQuartile2 mQuartile3 DQuartile4 Average 22% CVD risk
intensity score

Physical fitness
(VO,peak)

PAMETS  PAhhours PAMET- VO 2peak
hours

Left figure: adjusted (age and gender) odds ratios for having the metabolic syndrome in different categories of physical
activity and in the categories of physical fitness . Quartile 1 corresponds to the lowest category. P-value for trend < 0.05 for

all. Right figure: pathway of the relation between physical activity and CVD risk score through physical fitness.

Sassen et al, 2009
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Table 4 Significant partial correlation coefficients and parameter estimates of absolute and relative changes in peak oxygen uptake: data
from multiple regression analysis

Determinants of Training effect in CAD

Absolute

Relative

r

[} Intercept=259.9

r

[} Intercept=31.0

Training frequency (n/week)
Training intensity (%)

Baseline exercise duration (min)
Age (years)

Gender (male=0; female=1)
Complaints of dyspnoea’
Intermittent claudication”
Current smoker'

Heart transplantation”
Body Mass Index (kg/m
Other cardiac surgery"
Treatment with diuretics”
Treatment with digitalis’

%)

0.21""
019"

0.10
0.24"""
015"
0.10""
0.08""
0.07""
0.05"
0.05°
0.06""

NS
NS

130.6
412
-8.72
-8.57
-1877
-84.2
-125.2
-88.4
-191.3
4.80
-1499

017"
0.23&18&

0.28"
0.19""
010"
010"
0.08™
0.07""
0.04
NS
0.06"
0.06°
0.07”
R?=0.21

6.81

0.38
-1.74
-0.44
-7.91
-5.23
-7.51
-5.31

-1241

-8.61
-5.30

412

ol ok

'P<0.05: ""P<0.01;

Vanhees et al. Eur J Cardiovasc Prev Rehabil 2004,11:304-312

P<0.001; ‘Presence of the characteristic was encoded as 1, otherwise 0. NS, not significant.



KATHOLIEKE UNIVERSITEIT

LEUVEN Determinants of Training effect in CAD

Table 4 Significant partial correlation coefficients and parameter estimates of absolute and relative changes in peak oxygen uptake: data
from multiple regression analysis

Absolute Relative
r [} Intercept=259.9 r [} Intercept=31.0

Training frequency (n/week) 0.21"" 130.6 017" 6.81
Training intensity (%) 019" 4.12 0.23"" 0.33
Baseline exercise duration (min) 010 -8.72 028" -1.74
Age (years) 0.24"" -857 019" -0.44
Gender (male=0; female=1) 015" -187.7 010" -791
Complaints of dyspnoea’ 0.10"™" -84.2 010" -5.23
Intermittent claudication” 0.08" -125.2 0.08" -751
Current smoker' 0.07"" -88.4 0.07" -5.31
Heart transplantation” 0.05" -191.3 0.04 -1241
Body Mass Index (kg/mg) 0.05° 4.80 NS -
Other cardiac surgery" 0.06"" -149.9 0.06" -8.61
Treatment with diuretics” NS - 0.06 -5.30

Treatment with digitalis’ - Q07 4.12
R,=0.18 [ R2=0.21 |

"ol

'P<0.05: ""P<0.01;

P<0.001; ‘Presence of the characteristic was encoded as 1, otherwise 0. NS, not significant.

Vanhees et al. Eur J Cardiovasc Prev Rehabil 2004,11:304-312



‘WS1)'/4Y1 Possible additional
determinants

* Other variables:
- Respiratory function

- Cardiovascular sub-phenotypes:

vasodilatation (see later)

 Autonomic function
 Endothelial function
e RAAS

Muscle structure and function (see later)
Genetics




KATHOLIEKE UNIVERSITEIT

LEUVEN Genetic Determinants:The genetic basis of
VO,max and change by training
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Endothelial function - flow-mediated
dilation (FMD)

- Hemodynamometer
- ! 2.)0mmHg Sminutes

/i U/
/ - Peocrn e
/ —J 7/Hy-;)( rcmj /

)U' HL I l
Resting Avoscularization  Dhation
Diameter Diameter

Diameter S .
- 4
. » - AN
2 E FMD Py
.’ g i — ' R e » Diamater st
> > > o . i r"f’v’\ E0noconds
B | Beseline :
: a . - | Fmp
B!wd \,dxny -~ — ” E """-F'I\(ll l‘\-\ . : \‘.\.‘I /_\Jp\-_ r\ f‘
£ e
< R |
WA an\ yoof- ¥
\n \ .
WAy PR e to-F MO
' 1

- "‘6 - .t.d - - - - - - - - -
Time (seconds)


http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=4g2v7VObfnlhAM&tbnid=_5_DRq6lQ5fQ6M:&ved=0CAUQjRw&url=http://cardiology.medicine.duke.edu/research/clinical-research/frederick-r-cobb-non-invasive-vascular-research-laboratory/vascular-lab&ei=nbcNU4eUOI2U0QXXuoHABA&bvm=bv.61965928,d.bGE&psig=AFQjCNEXlMNR9RQCna2P_e4o7OomwF0N1Q&ust=1393494175521554
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=WLoBf_AsrFkEsM&tbnid=nKmcq4rwHD2XzM:&ved=0CAUQjRw&url=http://www.bmpe.t.u-tokyo.ac.jp/research/previous%20study/vessel/vessel_e.html&ei=7rcNU530G4_K0AX8h4CwCQ&bvm=bv.61965928,d.bGE&psig=AFQjCNEXlMNR9RQCna2P_e4o7OomwF0N1Q&ust=1393494175521554
http://www.google.be/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=WNlpAXlWAXNI_M&tbnid=nUVDZfMGa7JHlM:&ved=0CAUQjRw&url=http://ajpheart.physiology.org/content/299/3/H939&ei=7rkNU7TMEsfJ0AW4zIGICA&bvm=bv.61965928,d.bGE&psig=AFQjCNEXlMNR9RQCna2P_e4o7OomwF0N1Q&ust=1393494175521554

European Journal of

Preventive
Cardiolo gY gomu

Original scientific paper CARDIOLOGY®
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Exercise-based cardiac rehabilitation s SRR
Cardiology 2012

improves endothelial function assessed by <o pemisions

sagepub.co.uk/journalsPermissions.nav

flow-mediated dilation but not by pulse DO 1011720474873 2460516
. ejpc.sagepub.com
amplitude tonometry* ®SAGE

Véronique A Cornelissen'’, Steven Onkelinx'",
Kaatje Goetschalckxz, Tom Thomaes', Stefan janssensz,
Robert Fagard?, Peter Verhamme? and Luc Vanhees'

+37%
(a) b)
p<0.001

_. 151 l 1 8 3. p=047
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10.02 13.03 E 1.92 1.96
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Figure |. FMD at baseline and follow-up (a) and the RH-PAT index at baseline and follow-up (b).



KATHOLIEKE UNIVERSITEIT

LEUVEN

GPS score of endothelial related SNP’s

Significant partial correlation coefficients and parameter
estimates of relative changes in VO,peak (%)

10- pdVO,p
35 1
042 432
30 1 . :
0.26** 0.09
2 25 1 I
0, 0.18* 0.18
3 0.22* 6.61
Q 15 1
101
‘| 0.23** 0.27
0 0.22** 5.84
O@=31)  10(=26)  1(=40)  12(n=23)  213(n=21) R2=0.35

N increasing alleles

GPS= genetic predisposition scores

pdFMD = relative change in FMD;

pdHRYV = relative change in TP of HRV;

*P<0.05; **P<0.01;***P>0.001;

" Presence of CABG was encoded as 1, otherwise 0;

Onkelinx et al. 2013
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S2Sh]  Muscular function

ﬂ%“%“dﬂtl Fick equation: Oxygen uptake (hemodynamic parameters), and the inclusion of

peripheral muscle function in influencing oxygen uptake
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* Muscle strength:
Handgrip force
Isometric knee extension
Isokinetic knee flexion /
extension at different speeds
(60° - 120° - 180° - 240°/sec)
 Muscle mass
-  M.Quadriceps diameter
(rectus femoralis)




Muscular strength and diameter as determinants of aerobic
power and aerobic power response in CAD patients

Tom THOMAES', MSc; Martine THOMIS?, PhD; Steven ONKELINX', MSc; Kaatje Goetschalckx®, MD;
Robert Fagard?, MD, PhD; Véronique Cornelissen', PhD; Luc Vanhees', PhD

'Research Group for Cardiovascular and Respiratory Rehabilitation, Department of Rehabilitation Sciences, KULeuven, Leuven, Belgium;
’Exercise and Health Research Group, Department of Biomedical Kinesiology, KULeuven, Leuven, Belgium; *Hypertension and
Cardiovascular Rehabilitation Unit, Department of Cardiovascular Diseases, KULeuven, Leuven, Belgium

Objective Low exercise capacity and skeletal muscle strength are important predictors of all-cause mortality in healthy as well as diseased indi-
viduals. Compared to sedentary subjects, CAD patients have a decreased oxygen uptake (peakV0,) and show accompanying increased muscle fatigability.
Despite the known importance of oxygen extraction by peripheral muscles on improving peakV0, and of the relationship between muscle strength and
aerobic capacity, only few studies in CAD patients include measurements of muscle strength before and after cardiac rehabilitation. This study therefore
aimed to evaluate how much of the variance in baseline peakVO, and its response to exercise training can be explained by muscular parameters.

Methods 260 CAD patients performed maximal incremental cycle ergometer testing and maximal knee muscle strength measurements. Rectus
femoris diameter was measured using ultrasound. Zero order correlations were calculated and determinants of baseline and response in peakVO, were
analyzed by multiple regression analysis.

Results PeakV0, and muscle strength and diameter increased significantly after three months of cardiac rehabilitation (P <0.0001). Zero order
correlations showed significant correlations between muscular parameters and baseline peakVO0, (P < 0.0001). 63% of the total variance in baseline peakVO,
could be explained by seven parameters with knee extensor muscular endurance as the strongest predictor (P <0.0001). 32% of the variation in relative
increase in peakVO, could be explained by 5 determinants of which the increase in muscular endurance was the strongest determinant (P <0.0001).

Conclusions  Knee extensor muscular endurance and its response after training are the strongest muscular predictors in explaining peakVo,
and its response in CAD patients.
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Table 4 Significant partial correlation coefficients and parameter estimates of baseline peakVO, and peakVO, response: data from the
multiple regression analysis

Parameter Baseline peakV0, A PeakV0,

b-intercept b-intercept
Age -0.17 -5.87 - E
Gender : - -0.19* -1.63
Height 0.20** 11.09 - -
Past smoking —0.25%** -144.55 - -
Fat free mass 0.22** 11.09
CABG -0.19** -121.12 0.22%* 6.22
Claudicatio intermittens 0.15% -190.99
Muscular endurance (extension) 0.45%** 0.28 / /

Total variance R?=0.63 (N=204) R?=0.32 (N=150)

*p<0.05, **p<0.01, ***p<0.001, CABG: Coronary artery bypass grafting.
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Thomaes et al, 2013; Med Sci & Exercise



Table 4 Significant partial correlation coefficients and parameter estimates of absolute and relative changes in peak oxygen uptake: data
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Inants of Training effect in CAD

from multiple regression analysis

Absolute

Relative

r

[} Intercept=259.9

r

[} Intercept=31.0

Training frequency (n/week)
Training intensity (%)

Baseline exercise duration (min)
Age (years)

Gender (male=0; female=1)
Complaints of dyspnoea’
Intermittent claudication”
Current smoker'

Heart transplantation”
Body Mass Index (kg/m
Other cardiac surgery"
Treatment with diuretics”
Treatment with digitalis’

%)

0.21""
019"

0.10
0.24"""
015"
0.10""
0.08""
0.07""
0.05"
0.05°
0.06""

NS
NS

130.6
412
-8.72
-8.57
-1877
-84.2
-125.2
-88.4
-191.3
4.80
-1499

017"
0.23&18&

0.28"
0.19""
010"
010"
0.08™
0.07""
0.04
NS
0.06"
0.06°
0.07”
R?=0.21

6.81

0.38
-1.74
-0.44
-7.91
-5.23
-7.51
-5.31

-1241

-8.61
-5.30

412

ol ok

'P<0.05: ""P<0.01;

Vanhees et al. Eur J Cardiovasc Prev Rehabil 2004,11:304-312

P<0.001; ‘Presence of the characteristic was encoded as 1, otherwise 0. NS, not significant.
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Table 5. Evidence-based prescribable aerobic exercise intensity in cardiac patient groups

Exercise intensity domains

Light to Moderate to High to Severe to
moderate high severe extreme
Stable angina pectoris % \% %
Chronic CAD
(no residual ischaemia) V V % vV
PCI \4 \4 \4
Pacemaker % %
ICD Vv Vv
Chronic AF VP \/°
| cABG vV vV V
\ \
CHF \4 V \4
LVAD vV
I Heart transplantation % Ve \%

The grey areas identify intensity domains for which no scientific evidence is available in a specific population; CAD: coronary
artery disease; PClL percutaneous coronary intervention; ICD: implantable cardioverter defibrillator; AF: atrial fibrillation;
CABG: coronary artery by-pass grafting; CHF: chronic heart failure; LVAD: left ventricular assist device; *Heart rate and/or
work rate must in any case be lower than those corresponding to the ischaemic threshold; "Heart rate may not be usable due to
highly variable chronotropic response; “Heart rate may not be usable due to denervation-related blunted chronotropic response.
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Aerobic Interval Training (AIT) versus

Moderate Continuous Training (MCT)
in CAD
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LEUVEN Fitt™-principle to describe exercise

training characteristcs

Frequency (n sessions/week)
Intensity (%VvO0, peak or % peak HR or %HRR)
Time (duration of exercise/session/programme)

Type (endurance -running, cycling, rowing, walking,
swimming,....- resistance training — flexibility — balance -

...)
+ Mode of training: *isometric - isotonic
*dynamic - static
*continuous — interval
*large or small muscular groups
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Mode of exercise training: aerobic interval
training versus moderate continuous
training in CAD

Rognmo (2004): Eur J Cardiovasc Prev Rehab 11:216-222

I Bcfore
[ After
————————P=0.011 .
4.0 ~ —P=0.012—
3.5 —P=0.038
__ 3.0
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S o5 17.9% 7 0%
4
[
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™
Q 20
1.5 A
1.0 -
Moderate intensity

High intensity

Peak oxygen uptake (VO cak) before and after aerobic exercise
training. Significant differences within groups after training. Increment

significantly larger in high intensity group.
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Moderate Continuous Training (MCT) in CAD

Moholdt, Am Heart J 2009:158:1031-7
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VOspeak in AITand MCT at baseline, 4w, and ém. The bars represent +
SEM. *P < .05, group comparison.
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moderate continuous training in CHF

] Maximal oxygen uptake
Wisloff et al, Circulation. 2007
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SYSTEMATIC REVIEW

Aerobic Interval Training vs. Moderate Continuous Training
in Coronary Artery Disease Patients: A Systematic Review
and Meta-Analysis

Nele Pattyn * Ellen Coeckelberghs * Roselien Buys *
Véronique A. Cornelissen * Luc Vanhees
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PeakVO, (ml/kg/min)

AlT MCT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Currie 2013 47 199 11 36 246 10 11.9% 1.10 [-0.83, 3.03) -
Dimopoulos 20086 092 213 6 026 2.13 5 10.3% 0.66 [-1.87, 3.19) &
lellamo 2012 424 2 8 409 19 8 12.0% 0.15 [-1.76, 2.06)
Moholdt 2009 3.3 244 28 23 226 31 138% 1.00 [-0.20, 2.20] E
Rocco 2012 44 198 17 42 234 20 134% 0.20 [-1.19, 1.59)
Rognmo 2004 6 572 8 27 23 9 6.5% 3.30 [-0.94, 7.54] -
Smart 2012 3.5 3.17 6 021 1.24 8 9.9% 3.29 [0.61, 5.97) —
Warburton 2005 525 4.14 7 425 279 7 75% 1.00 [-2.70, 4.70)
Wisloff 2007 6 0.96 9 19 048 m 4.10 [3.40, 4.80] o=
Total (95% CI) % 1.60 [0.18, 3.02] .
Heterogeneity: Tau? = 3.41; Chi* = 47.23, df = 8 (P < 0.00001); I* = 83% t— t—

Test for overall effect: Z=2.22 (P = 0.03) Favc;:rs l-\iCTo Favzour:AlT

Fig. 2 Forest plot of the mean effect sizes and corresponding 95 % confidence intervals for peak VO,. PeakVO peak oxygen uptake, AIT aerobic
interval training, MCT moderate continuous training, /V intervention, C/ confidence interval, SD standard deviation
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Body weight

AlT MCT Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Currie 2013 06 22 11 12 18 10 21.5% 0.60 [-1.11, 2.31] =
Moholdt 2009 0.2 3.27 28 08 2086 31 31.6% 1.00 [-0.41, 2.41) .
Rocco 2012 0.3 288 17 0.1 6.54 20 6.2% 0.40 [-2.78, 3.58] "
Rognmo 2004 -0.1 163 8§ -08 133 9 31.0% 0.70 [-0.73, 2.13] — T
Warburton 2005 -3 14 7 -4 3.14 7 9.7% 1.00 [-1.55, 3.55] "
Total (95% ClI) 71 77 100.0% S

Heterogeneity: Tau* = 0.00; Chi
Test for overall effect: Z = 1.94

Fig. 5 Forest plot of the mean effect sizes and corresponding 95 % confidence intervals for body weight. AIT aerobic interval training, MCT

moderate continuous training, /V intervention, C/ confidence interval, SD standard deviation

2 1 0 1 2
Favours AIT Favours MCT
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* AIT group
20,4 mi/kg/min > 25,0 ml/kg/min

« MCT group
20,8 mi/kg/min > 23,1 ml/kg/min
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Change in exercise capacity in 4140 CV
patients after 3 months of CR

500 1000~
400 800+
3004 600+
2004 4004
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0- 0-
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S’DQQ,D‘QQ?JQQ ELQQ:\QQ SRS @Q%QQ @Q@Q@Q,\@%@q@ QQQ\'@Q\@Q\@Q\@Q \(’SbQ\@Q'(\QQ\%QQ PSP OLIP R PP ERRRS NP ® S
Change in peak VO, (m\.lmin) Percentage change in peak VO,

Average increase + 26%

Vanhees et al, unpublished data, 2014
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All patients referred for cardiac
rehabilitation between
November 2010 and March 2013

Refused participation (n = 175) (n=1037)

Distance (n=4)

- Rehabilitation in other Not meeting inclusion criteria

center (n = 20) (n = 560)
A. AIT programme (38 min) - Work (n=28)
Not interested (n = 92) R
CAD patients assessed fi
2 b < b < b ¢ b c - Not able/willing to train ARG’ Asssasec Ton

eligibility (LVEF 2 40%, clinically
stable 2 4 weeks, optimal
treatment > 4 weeks)
(n=477)

3x/week during 12
weeks (n = 26)
- Financial reasons (n = 5)
Could not be included for other

I I reasons (n = 102)
[ 10min [ 4min [3min | 4min [ 3min [ 4min [ 3min | 4 min [ 3min | - Logistical reasons (n =
55)
Language barrier (n = 12)
Athlete (n=1) Randomized to AIT or ACT
Physical or mental (n = 200)
limitations (n = 34)

B. ACT programme (47 min)

a d a \

Allocated to AIT Allocated to ACT
3x/week, 12 weeks 3x/week, 12 weeks
(n =100) (n=100)
[ smin | 37 min [ 5min |
Failed to complete the study Failed to complete the study
(n=15) (n=11)
- Work(n=3) - Work(n=3)
- Familial / social circumstances - Familial / social circumstances
(n=3(3F)) (n=1)
- Nolongerinterested (n=1) - Nolonger interested (n = 2 (1F))
- Lack of compliance (n =3 (1F)) - Lack of compliance (n =2 (1F))
Disappearance (n=1) - Medical reasons (n = 3)
Medical reasons (n = 4 (1F))
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Table 1
Baseline characteristics of the participants.

Total group AIT ACT Significance
Sample size 200 100 100
Characteristics
Gonden{Mi 180,20 040 S0yl NS
Age (years) 584 +9.1 570+ 88 599 +9.2 P=0.023
Height (cm) 173 £ 80 174+ 76 1/3+t84 NS
Weight (kg) 849 + 14.0 847 + 144 850 + 13.7 NS
BMI (kg/m?) 283 +43 280+44 285+43 NS
Waist (cm) 99.7 +11.7 100 £+ 120 994 + 116 NS
Peak VO, (ml/kg/min) 227 +5.69 2334578 222 +5.56 NS
FMD (%)® 562 +2.84 553 + 3.15 571 +2.50 NS
Reason for referral
AMI
PCl
CABG
Duration of CA
<3 months 156 83 73
>3 months 41 17 27
LVEF (%) 569 +8.1 571+ 85 568 +7.7 NS
Cardiovascular risk factors
Hypertension 104 58 46 NS
Diabetes 38 20 18 NS
History of COPD - 3 2 NS
Familial predisposition 50 21 29 NS
Smoking NS
Never 53 27 26
Ex 122 59 63
Current 25 14 11
Alcohol consumption 42 + 5.7 47 + 6.5 3:7-+4.7 NS

(drinks/week)
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Medication

Beta-blockers 167 84 83 NS
Anti-hypertensive 149 77 72 NS
medication

Nitrates 9 5 4 NS
Diuretics 25 10 15 NS
Anti-arrhythmics 4 3 1 NS
ASA 188 93 95 NS
Anti-thrombotics 147 76 71 NS
Vitamin K antagonists 15 9 6 NS
Digitalis 2 1 1 NS
Statins 196 97 99 NS
Antidiabetic medication 37 18 19 NS

Data are expressed as means + standard deviation (SD) for continuous variables or as
percentages for dichotomous variables.

AIT = aerobic interval training; ACT = aerobic continuous training; M = male;
F = female; NS = not significant; BMI = body mass index; peak VO, = peak oxygen up-
take; FMD = flow-mediated dilation; AMI = acute myocardial infarction; PCl = -
percutaneous coronary intervention; CABG = coronary artery bypass grafting;
CAD = coronary artery disease; LVEF = left ventricular ejection fraction; COPD = chronic
obstructive pulmonary disease; ASA = acetylsalicylic acids.

* FMD data were available in 188 patients (AIT and ACT, n = 94).
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Fig. 3. Percent changes in peak VO, in AIT and ACT after 6 and 12 weeks. Data are
means + SEM; * = significantly different from baseline (p < 0.001); ** = 6 weeks differs
significantly from 12 weeks (p = 0.0231); NS = not significant; black bars = AIT; grey
bars = ACT.
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Table 2
Peak exercise capacity parameters at baseline, after 6 and after 12 weeks of AIT or ACT.
AlT (n = 85) ACT (n = 89) F-values
Parameter 0 weeks 6 weeks 12 weeks 0 weeks 6 weeks 12 weeks Time Group Interaction
VO, (ml/min) 1965 £ 503 2232 4 548 2395 + 560 1887 + 473 2116 £ 527 2238 + 550 31.69*** abc 3348 0.31™
VO,/kg (ml/kg/min) 235 + 5.7 267 + 6.7 286 + 69 24+56 252462 268 +67 2818 abc 387 0.16"
HR (bpm) 134 + 210 140 + 19.0 145 £ 18.2 129 4+ 21.1 134 + 223 138 +21.5 12.84*** ab 10.38** 0.13"®
RER 1.26 + 0.1 127 +0.12 128 + 0.1 126+ 011 126 £0.09 127 £0.09 084" 028N 0.20™
G A8 T30 DU ZL35 o0 x3s 47T 29 59 T 3.3 6.2 T 3.2 /%5 /AR N ) B 111 S 1 17 Ay

Data are expressed as means + standard deviation (SD). All data are corrected for age and pathology.

AIT = aerobic interval training; ACT = aerobic continuous training; n = number of patients; VO, = oxygen uptake; NS = not significant; HR = heart rate; bpm = beats per minute;
RER = respiratory exchange ratio; *p < 0.05; *p < 0.01; ***p < 0.001; °p = 0.068; a = 6 weeks differed significantly from baseline; b = 12 weeks differed significantly from baseline;
¢ = 12 weeks differed significantly from 6 weeks.
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80 , ,
NS
NS 63.7%**
1 -1 /0 AIT
60 55.7%***
39.6%***

40 32 .6%*** p<0.05
p<0.01
p<0.001
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Table 4
Cardiovascular risk factors and quality of life at baseline and after 12 weeks of AIT or ACT.
AIT (n = 85) ACT (n = 89) F-values
Parameter 0 weeks 12 weeks 0 weeks 12 weeks Time Group Interaction
Weight (kg) 846 + 145 85.1 + 142 85.1 £ 139 846 + 134 0.00" 0.13% 0.07"
BMI (kg/m?) 279 + 4.1 280 + 39 285+ 43 282 + 42 0.01" 092" 0.1
ist (cm) 997 + 117 988 + 115 995 + 113 976 +109 166" 034" 015"

Resting HR 577 +79 554 + 74 594 + 105 554 + 8.1 648" 001" 0.80"
SBP (mm Hg) 125 + 143 125 + 143 128 +17.2 122 + 133 245 085" 218"
DBP (mm Hg) 758 + 84 747 + 84 762 + 106 725 + 82 3.08° 1.08"™ 0.83"

¥

Cholesterol (mmol/1) 361 +0.71

378 + 0.74 3.60 + 0.78 3.76 + 0.78 436* 1.20™ 0.01"
HDL-C (mmol/) 113 £ 027 121 £ 026 111 £ 028 120 + 031 925" 2,63 0.10"
Cholesterol/HDL-C ratio 333 + 096 323 + 085 341 + 096 327 + 089 138" 092" 0.03"
LDL-C (mmol/l) 1.88 + 0,51 197 + 053 1.98 + 0.66 2.05 + 0.66 157" 055" 0.01"

0g mg U2l = 0.44 U012 £ 052 0.24 = 0.57 007 = 052 2677 020 5]
QoL Physical component 435 + 8.1 477 +15 424477 468 + 6.1 1462 035" 0.74"

\_QoL Mental component 361 +78 386 + 7.7 358 +75 388 + 5.7 7.98** 0.05™ 0.15" )

Data are expressed as means + standard deviation (SD). All data are corrected for age and pathology.

AIT = aerobic interval training; ACT = aerobic continuous training; n = number ofpatients; NS = not significant; BMI = body mass index; HR = heartrate; bpm = beats per minute;
SBP = systolic blood pressure; DBP = diastolic blood pressure; HDL-C = high density lipoprotein cholesterol; LDL-C = low density lipoprotein cholesterol; hs-CRP = high sensitivity C-
reactive protein; QoL = quality of life (AIT n = 76, ACT n = 83); *p < 0.05; **p < 0.01; ***p < 0.001; *p = 0.066; *data for hs-CRP were log transformed.
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Table 2
Peak exercise capacity parameters at baseline, after 6 and after 12 weeks of AIT or ACT.
AlT (n = 85) ACT (n = 89) F-values
Parameter 0 weeks 6 weeks 12 weeks 0 weeks 6 weeks 12 weeks Time Group Interaction
VO, (ml/min) 1965 + 503 2232 £ 548 2395 + 560 1887 + 473 2116 £ 527 2238 £ 550 3169"**abc  3.34° 0.31™
I s ) N no A a1 ~NS
HR (bpm) 134 + 210 140 + 19.0 145 + 182 129 + 21.1 134 +£ 223 138 +21.5 12.84"** ab 10.38** 0.13%
=== OTRIOaq TV atT) 53 T 38.8 77 T 429 192 T 409 145 = 41.0 09 T 47,9 51V X 1 AR N Y M 3 M 1 4 ¥ A—
RER 1264012  127+012 1284011 126+ 011 126 £0.09 127 £0.09 084" 0.28" 0.20™
0, pulse 148 + 36 160 +35 166 + 3.5 147 + 29 159 + 33 162 +£32  1232"'ab  004™ 0.07"

Data are expressed as means + standard deviation (SD). All data are corrected for age and pathology.

AIT = aerobic interval training; ACT = aerobic continuous training; n = number of patients; VO, = oxygen uptake; NS = not significant; HR = heart rate; bpm = beats per minute;
RER = respiratory exchange ratio; *p < 0.05; **p < 0.01; ***p < 0.001; %p = 0.068; a = 6 weeks differed significantly from baseline; b = 12 weeks differed significantly from baseline;
¢ = 12 weeks differed significantly from 6 weeks.



Trainingseffect bij 3035 CAD patienten

Vanhees et al, unpublished data, 2014

Table 2. Limits of Responders Quartiles in deltaVO,
deltaVO, (mL/min) deltaVO, (%)

Responders Q1 <184 <119
Responders Q2 >184 and< 349 >11,9 and< 22,0
Responders Q3 2349 and < 536 >22,0 and < 34,6
Responders Q4 > 536 >34,6
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Conclusion: The short-term improvements of center-based AIT and ACT on physical fitness, physical activity, peripheral
endothelial function, cardiovascular risk factors and QoL are sustained after a |-year follow-up period. The majority of
patients (>90%) met the recommended physical activity levels of 150 minutes/week
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Conclusion

Yes, the beneficial effects are maintained when patients
continue to exercise and to increase their physical activity
pattern.
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