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MS & Lichamelijke Activiteit

• Preventie:

– Relatie tussen fysieke (in)activiteit en 
metabool syndroom

• Behandeling

– Effecten

– Soort training?

– Conclusie

• Aanbevelingen

MS & Preventie: Sedentaire Leefstijl

Television Watching and Other Sedentary

Behaviors in Relation to Risk of Obesity

and Type 2 Diabetes Mellitus in Women

Hu, FB, Li TY, Colditz, GA, Willett WC, Manson JE, 

JAMA, 289:1785-1791, 2003

MS & Preventie: Sedentaire Leefstijl

Nurses’Health Study

(Hu et al, JAMA, 2003)

Analyse Obesiteit (BMI<30) : n=50277 →na 6 jr FU: 3757 subjects obees

Analyse Diabetes type 2: n=68497→ na 6jr FU: 1515 subject Diabetes 2

MS & Preventie: Sedentaire Leefstijl

(Hu et al, JAMA, 2003)
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MS & Preventie: Lichamelijke Activiteit

(Ekelund et al, Diabetes Care, 2005)

N=506 Alle Lichamelijke activiteit

Follow-up=5.6 jaar

MS & Preventie: Lichamelijke Activiteit

(Rennie et al, Int J Epidemiology, 2003)

N=5153

Self-reported leisure time physical activity

*Model 1, adjusted for age, sex, and study year; Model 2, adjusted for the factors in Model 1, plus systolic blood pressure, smoking status, education, and 

the 2 other kinds of physical activity; Model 3, adjusted for the factors in Model 2, plus body mass index.
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MS & Preventie: Lichamelijke Activiteit

(Hu et al, Appl Physiol. Nutr. Metab 2007 32:583-595)

• UPLIFT Studie 

(N=1440)

– Lichamelijke 

Activiteit

Metabool Syndroom 
(NCEP ATP III richtlijnen)

Vanhees et al, 2007 (unpublished)

MS & Lichamelijke activiteit

• UPLIFT Studie 

(N=1440)

– Lichamelijke 

Activiteit

Metabool Syndroom 
(NCEP ATP III richtlijnen)

Vanhees et al, 2007 unpublished

• UPLIFT Studie 

(N=1440)

– Lichamelijke 

Fitheid

Metabool Syndroom 
(NCEP ATP III richtlijnen)

Vanhees et al, 2007 unpublished
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MS & Lichamelijke activiteit

• UPLIFT 

Studie 

(N=1440)

– Lichamelijke 

Fitheid

Metabool Syndroom 
(NCEP ATP III richtlijnen)

Vanhees et al, 2007 unpublished

MS & Lichamelijke Activiteit

• Preventie:

– Relatie tussen fysieke (in)activiteit en 
metabool syndroom

• Behandeling

– Effecten

– Soort training?

– Conclusie

• Aanbevelingen

MS & Behandeling

• Effect op:

– Risicofactoren (bloeddruk, lipiden, 

obesiteit, glucose intolerantie of insuline 

sensitiviteit)

– Metabool Syndroom (combinatie 

risicofactoren

Behandeling MS - Risicofactoren

• Meta-Analyses

– Obesiteit

– Insuline sensitiviteit

– Dyslipidemie

– Hypertensie

Risicofactoren – Obesiteit:

Fysieke training vs Controle
(Shaw et al, Cochrane Library, 2006)

∆ Gewicht (kg)

∆ BMI

U

U

U

U

U

U

U= Uithoudingstraining; K= Krachttraining; U/K= 2 aparte trainingsgroepen; U&K= combinatietraining 

Risicofactoren – Obesiteit:

Fysieke training vs Dieet

∆ BMI

(Shaw et al, Cochrane Library, 2006)

U

U

U

U

U= Uithoudingstraining; K= Krachttraining; U/K= 2 aparte trainingsgroepen; U&K= combinatietraining 



4

Risicofactoren – Obesiteit:

Fysieke training & Dieet vs Dieet

(Shaw et al, Cochrane Library, 2006)

∆ BMI

U

U

U/K

U

U

U= Uithoudingstraining; K= Krachttraining; U/K= 2 aparte trainingsgroepen; U&K= combinatietraining 

Risicofactoren – Dyslipidemie:

(Halbert, Eur J Clin Nutr, 1999)

Effect of exercise training on plasma lipids
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• Meta-analysis: 31 trials

• 1833 participants

• Small, but significant 

alterations:

– ↓ in TC, LDL-C, and 

TG

– ↑ HDL-C

Halbert JA et al., Eur J Clin Nutr 1999;53:514-522

Effect of rehabilitation and exercise training: 

plasma lipids
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Exercise capacity increased by 33 % (6.3 vs 8.4 METs)

<.00013.3 ± 1.13.5 ± 1.2LDL/HDL
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Maines et al., Southern Med J 1997

Effect of aerobic exercise on lipids in 

overweight and obese adults
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Kelley et al., Int. J Obesity, 2005

• meta-analysis

• 31 trials

N: number of groups reporting data in which treatment effect could be calculated

X ±s.e.m. : mean treatment effect (mg/dl)± standard error of the mean

Q: heterogeinity value

P: significance value for Q

Variable(N) X±s.e.m        95%CI Q p

TC (17) -3.4 ± 1.7 -6.7 to -0.2 22,8 0.12

HDL (15) 1.6 ± 0.8 -0.02 to 3.2 46,4 < 0.001

LDL (14) -0.5 ± 1.3 -3.0 to 2.0 12,9 0.46

TG (14) -16.1 ± 7.3 -30.2 to -2.1 58,7 <0.001

• Meta-analysis

• 95 trials

• Alterations dependent on

changes in body-weight
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Effect of exercise training on

plasma lipids

Tran ZV et al., JAMA 1985;16:919-924
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Risicofactoren – Insuline Sensitiviteit:

Fysieke training vs Controle

(Thomas et al, 

Cochrane

Library, 2006)

U= Uithoudingstraining; K= Krachttraining; U/K= 2 aparte trainingsgroepen; U&K= combinatietraining 

K

U&K

U

K

U&K

K

U

?

U

U

U

U&K

U&K

Risicofactoren –

Hypertensie:

Fysieke training 

vs Controle

(Dickinson et al, J 

Hypertension, 2006)

Risicofactoren – Hypertensie:

Combinatie behandeling vs Controle

(Dickinson et al, J Hypertension, 2006)

Effect of exercise training on blood

pressure
 

Baseline data and net changes in response to dynamic exercise training 

 

    Baseline  Net change  

  N Mean (95% CL) Mean (95% CL) P 

Blood pressure (mmHg)          

 Systolic 68 126.2 (123.3; 129.0) -3.4 (-4.5; -2.3) <0.001 

 Diastolic 68 79.9 (77.9; 82.0) -2.4 (-3.2; -1.6) <0.001 

Peak oxygen uptake  

(ml/min/kg) 
59 31.4 (29.6; 33.2) +3.7 (+3.2; +4.3) <0.001 

Heart rate (beats/min) 48 71.1 (69.3; 72.9) -4.9 (-5.9; -3.9) <0.001 

Body mass index (kg/m) 64 25.6 (25.0; 26.1) -0.34 (-0.46; -0.22) <0.001 

  

Values are weighted means and 95% confidence limits (CL). 

N:  # training groups/programs 

Meta-analysis by Fagard et al. Journal of human hypertension, 

2005

Effect of exercise training on blood pressure

(haemodynamic data)

Net haemodynamic changes (%) in response to exercise training

  N Mean (95% CL) P 

Mean blood pressure 17 -4.9 (-7.0; -2.7) <0.001 

Cardiac output 17 +1.4 (-4.7; +7.5) NS 

Heart rate 16 -9.1 (-13.0; -5.2) <0.001 

Stroke volume 15 +14.9 (+5.6; +24.2) <0.01 

Systemic vascular resistance 17 -7.4 (-13.2; -1.6) <0.05 

 

Values are weighted means and 95% confidence limits

(CL).

N=number of study groups.

NS=not significant.

Meta-analysis by Fagard et al. Journal of human hypertension, 2005



6

Dynamic exercise training and blood

pressure response
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Fagard et al, Med Sci Sports Exerc , 2001

(Meta-analyse 44 random. contr. studies)

Dynamic exercise training and blood

pressure response

 Normotensives 

(n = 210) 

Hypertensives 

(n = 138) 

H vs N 

 

Systole - 3 
(+0.5 to -7) 

- 13 
(-11 to -15) 

- 10 
(-7 to -12) 

Diastole - 2 
(+ 1 to -5) 

- 8 
(-6 to -10) 

- 6 
(-5 to -6) 

 

(values are weighted means (95% CL) of 7 studies) 

Fagard et al., Handbook of Hypertension, Vol 20: Epidemiology of Hypertension, 2000

(in normotensives and hypertensives)

Lifestyle changes in the 

treatment of hypertension

2 – 4 mmHgModerate alcohol use

4 – 9 mmHgPhysical activity

2 – 8 mmHgSalt restriction

8 – 14 mmHgDASH-diet

5 – 10 mmHg/10 kgWeigth loss

Effect on systolic BPLifestyle change

Chobanian et al. Hypertension, 2003

Determinants of blood pressure

response to exercise

Training mode

Endurance training

Versus

Resistance training

Training mode

• Effect of endurance training on blood
pressure: meta-analysis by Cornelissen et al. 
Hypertension, 2005

• Effect of resistance training on blood
pressure: meta-analysis by Cornelissen et al., 
Journal of Hypertension, 2005

• Effect of (isometric) strength training on BP 
measured in various conditions in sedentary
men:

Van Hoof et al., Int. J sport med, 1996

Effect of endurance training on

VO2max and HR

0.001–4.5 (–6.5; –

2.6)

74.4 (72.4; 

76.3)

23Hypertension

<0.001–7.1 (–9.3; –

5.0)

71.0 (67.1; 

74.9)

18Normal 

pressure

HR 

<0.0014.4 (3.7; 5.1)29.2 (25.6; 

32.8)

17Hypertension

<0.0013.9 (3.1; 4.6)31.5 (29.5; 

33.4)

39Pre-

hypertension

<0.0013.5 (2.5; 4.4)31.6 (28.9; 

34.3)

25Normal 

pressure

VO2max 

P

ValueNet ChangeBaseline

N 

studiesSubgroupVariable

Cornelissen, 2005
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Effect of endurance training on BP

<0.001–4.9 (–6.5; –3.3)92.3 (89.5; 95.1)30Hypertension

<0.001–1.7 (–2.6; –

0.75)

80.3 (79; 81.6)44Prehypertension

<0.001–1.6 (–2.4; –

0.74)

73.0 (71.8; 74.1)28Normal 

pressure

DBP

<0.001–6.9 (–9.1; –4.6)145.4 (142.4; 

148.4)

30Hypertension

<0.05–1.7 (–3.1; –

0.29)

127.2 (125.9; 

128.5)

46Prehypertension

<0.01–2.4 (–4.2; –0.6)114.3 (112.8; 

115.9)

28Normal 

pressure

SBP

P valuenet changesbaselineN 

studies

subgroupsvariabl

e

Cornelissen, 2005

Effect of endurance training on

hemodynamic variables

Net training-induced changes in hemo- dynamic
variables. Values are shown as mean net % 
changes and corresponding 95% CLs. 

MBP: mean BP

CO: cardiac output

SVR: systemic vascular resistance

SV: stroke volume

HR: heart rate

Net training-induced changes in hemodynamic

variables

Meta-analysis by Cornelissen et al, 2005

Net-training induced changes in BP after

dynamic aerobic endurance training

Meta-analyse by Cornelissen et al. 2005

Effect of resistance training on

SBP

Meta-analysis by Cornelissen, 2005

Effect of resistance training on

DBP
Effect of resistance training 

Cornelissen, 2005
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Effect of strength training on BP measured

in various conditions in sedentary men. 

30 sedentary men

• Training group <-> control group

• 48 training sessions, 3X/week

• As static or isometric exercise as 

possible

Van Hoof et al., Int. J. Sports Med. 17 (1996)

Effect of strength training on BP measured

in various conditions in sedentary men. 

• Strength training 

affected muscle

strength:  

1RM values of the various

ex. muscles increased

significantly

• Strength training did

not affect VO2Max, BP, 

HR or lipids
Van Hoof et al., Int. J. Sports Med. 17 (1996)

MS & Behandeling

• Effect op:

– Risicofactoren (bloeddruk, lipiden, 

obesiteit, insuline resistentie)

– Metabool Syndroom (combinatie 

risicofactoren

MS behandeling: fysieke activiteit

Targeting the Metabolic Syndrome with

Exercise: Evidence from the 

HERITAGE Family Study
KATZMARZYK PT, LEON AS, WILMORE JH,  SKINNER 

JS, RAO DC, RANKINEN T, BOUCHARD C, 

Med Sci Sports Ex, 2003

• RCT

• N=621 (sedentair, schijnbaar gezond)

• MS= aanwezigheid ≥ 3 risicofactoren

• Aerobe training= 20 weken onder 

toezicht

• 3x/week; 30-50 min

MS behandeling: fysieke activiteit

(Katzmarzyk et al, Med Sci Sports Ex, 2003)

(Katzmarzyk et 

al, Med Sci

Sports Ex, 2003)

MS behandeling: fysieke activiteit
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(Katzmarzyk et al, Med Sci Sports Ex, 2003)

MS behandeling: fysieke activiteit

Exercise and Risk Factors associated

with Metabolic Syndrome in Older

Adults

KJ Stewart, AC Bacher,K Turner, JG Lim, PS Hees, EP 

Shapiro, M Tayback, P Ouyang, 

Am J Prev Med, 2005

MS behandeling: fysieke activiteit

• RCT

• N=115 (55-75 jaar; sedentair)

• 6 maanden training

– 3x/week

– Combinatie: Krachttraining (10-15 

repetities; 50% 1RM) & Uithoudingstraining 

(45 min; 60-90% HR max)

MS behandeling: fysieke activiteit

(Stewart et al, Am J Prev Med, 2005)

(Stewart et al, 

Am J Prev

Med, 2005)

(Stewart et al, 

Am J Prev

Med, 2005)

(Stewart et al, Am J 

Prev Med, 2005)
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Can Adoption of Regular Exercise

Later in Life Prevent Metabolic Risk 

for Cardiovascular Disease?

Petrella RJ, Lattonzio CN, Demeray A, 

Varallo V, Blore R.

Diabetes Care, 2005

MS behandeling: fysieke activiteit

• RCT

• N=420 (55-75 jaar)

• Uithoudingstraining, 3x/week, 30-45 min,75-
85% VO2max

• Inspanningstest: 
– Baseline

– Jaarlijks gedurende 10 jaar

– Inclusie: 80% van alle trainingsessies gevolgd 
(jaarlijks)

(Petrella et al, Diabetes Care, 2005)

MS behandeling: fysieke activiteit

MS behandeling: fysieke activiteit

(Petrella et al, Diabetes Care, 2005)

MS & Lichamelijke Activiteit

• Preventie:

– Relatie tussen fysieke (in)activiteit en 
metabool syndroom

• Behandeling

– Effecten

– Soort training?

– Conclusie

• Aanbevelingen

Soort Training?

• Meta-analyses: 

Bijna uitsluitend Uithoudingstraining

Wat met Krachttraining?

N=3233 (20-80 jaar) ; Follow-up= 6.7±5.2 jaar; Incidentie MS: 

480

Soort Training?

(Jurca et al, Med Sci Sports Ex, 2005)
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Soort Training?

(Jurca et al, Med Sci Sports Ex, 2005)

Soort Training?

Krachttraining als 

behandeling?

(Braith et al, Circulation, 2006)

Soort Training?

Krachttraining als 

behandeling?

(Williams et al, Circulation, 2007)

• Krachttraining als Behandeling bij MS: 

RCT’s?

Bij Type 2 diabetici

Soort Training?

Krachttraining als behandeling bij Type 2 

Diabetici?

(Cuff et al, Diabetes Care, 2003)

Krachttraining additief bij Aerobe training (n=28) A Randomized Controlled Trial of 

Resistance Exercise Training to 

Improve Glycemic Control in Older

Adults With Type 2 Diabetes

Casteneda C, Layne JE, Munoz-Orians L, Gordon PL, Walsmith J, 

Foldvari M, Roubenoff R, Tucker KL, Nelson ME

Diabetes Care, 25(12):2335-41, 2002

Krachttraining als behandeling bij Type 2 

Diabetici?
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• RCT

• N=62 (66 jaar)

• 16 weken 

krachttraining

• 3x/week; 45 minuten

(Castaneda et al, Diabetes Care, 2002)

Krachttraining als behandeling bij 

Type 2 Diabetici?

(Castaneda et al, 

Diabetes Care, 2002)

Krachttraining als behandeling bij 

Type 2 Diabetici?

MS & Lichamelijke Activiteit

• Preventie:

– Relatie tussen fysieke (in)activiteit en 
metabool syndroom

• Behandeling

– Effecten

– Soort training?

– Conclusie

• Aanbevelingen

Conclusie

• MS = incidentie stijgt met toenemende 

leeftijd

Krachttraining = bruikbaar als additief bij Uithoudingstraining

Kosten-baten analyse
Grotere kans op 

aanwezigheid CAD

Uithoudingstraining = in combinatie met Dieet

Circulation, 112:e285-e290, 2005

Aanbevelingen Type 2 Aanbevelingen

(Grundy et al, Circulation, 2005)
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Slot conclusie

(Lakka et al, Appl Physiol Nutr Metab, 2007)


