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Promotors: 
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‘‘GlobesityGlobesity’’ -- factsfacts

GENERAL INTRODUCTION 

• Globally: >1 billion overweight adults (at least 300 million of them obese)

• Key causes
– increased consumption of energy-dense foods high in saturated fats & sugars
– reduced physical activity

• Globally attributable to a BMI above 21 kg/m²
– 58% of diabetes 
– 21% of ischemic heart disease 
– 8-42% of certain cancers

World Health Organisation

Peeters A, et al. Ann Intern Med, 2003

• Mortality
– Life expectancy 40y obese women: -7y
– Life expectancy 40y obese men: -6y

Overweight & Obesity: classificationOverweight & Obesity: classification

GENERAL INTRODUCTION 

Source: NHLBI

Visceral Adipose Tissue: the dangerous inner fat!Visceral Adipose Tissue: the dangerous inner fat!

Posterior

Visceral AT

Subcutaneous AT

Anterior

GENERAL INTRODUCTION 

Adapted from: Vissers D, Van de Sompel A, Van Gaal L. Op je gezondheid! De Standaard Uitgeverij; 2006

GENERAL INTRODUCTION 

Despres JP et al. Nature 2006
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GENERAL INTRODUCTION 

Adapted from: Vissers D, Van de Sompel A, Van Gaal L. Op je gezondheid! De Standaard Uitgeverij; 2006
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Reaven G. Diabetes. 1988

Insulin
Resistance

InsulinInsulin
ResistanceResistance

Glucose
Intolerance

GlucoseGlucose
IntoleranceIntolerance HyperinsulinemiaHyperinsulinemiaHyperinsulinemia ��� � TG��� ���� � TGTG ��� � HDL-C��� � HDL-C HypertensionHypertension

1988: Syndrome X1988: Syndrome X

CORONARY HEART DISEASECORONARY HEART DISEASECORONARY HEART DISEASE

Morbidity: Metabolic syndromeMorbidity: Metabolic syndrome

GENERAL INTRODUCTION 

Grundy SM, et al. Circulation 2005

Metabolic syndrome :Metabolic syndrome : ATP III definitionATP III definition

GENERAL INTRODUCTION 

• � 3 of 5 risk factors
1. Abdominal obesity:  waist circumference

> 102 cm men
> 88 cm women

2. Hypertriglyceridemia: > 150 mg/dl (1.695 mmol/l)
3. Low HDL cholesterol: < 40 mg/dl (1.036 mmol/l) men

< 50 mg/dl (1.295 mmol/l) women
4. High blood pressure: > 130/85 mmHg
5. High (fasting) blood sugar: > 100 mg/dl (>6.1 mmol/l)

Adapted from Jaap G. Neels et al. Clin. Invest. 116(1): 33-35 (2006)

Metabolic syndrome:Metabolic syndrome: adiposopathyadiposopathy // lipotoxicitylipotoxicity??

GENERAL INTRODUCTION 

‘crown-like structures’

NEFAs­

Adapted from Jaap G. Neels et al. Clin. Invest. 116(1): 33-35 (2006)

GENERAL INTRODUCTION 

IL-6 ­
TNF-a ­

Leptin ­
Adiponectin ¯

NEFAs ­
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atherosclerotic plaque 

GENERAL INTRODUCTION 
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Adapted from L.Van Gaal et al, Nature, 2006

Metabolic syndrome:Metabolic syndrome: need forneed for Physical Therapy?Physical Therapy?

GENERAL INTRODUCTION 

Vissers D, Truijen S, Van Gaal L. Jaarboek Fysiotherapie/Kinesitherapie 2007

Metabolic syndrome:Metabolic syndrome: effect of physical activityeffect of physical activity

GENERAL INTRODUCTION 

• VOLUME of exercise is more important than intensity (minimal intensity)

• Overweight and obese people should be stimulated to increase their 
physical activity 

– engage in regular exercise
– adapting an active lifestyle 

• The ideal exercise protocol depends on the training goals: 
– prevent weight gain, attain or sustain weight loss
– change body composition
– lower blood pressure
– improve lipid levels,…

• There is no consensus on an ideal exercise training program to attain ALL 
these goals. 

Vissers D, Truijen S, Van Gaal L. Jaarboek Fysiotherapie/Kinesitherapie 2007

Metabolic syndrome :Metabolic syndrome : effect of physical activityeffect of physical activity

GENERAL INTRODUCTION 

• COMBINING AEX and RT seems to have greatest potential to attain most 
goals. 

• It is important to exercise REGULARLY under SUPERVISION (beginning) 

• ENDPOINT: reach an aerobic capacity and muscle strength that enables 
the patient to continue his exercise training program and active lifestyle 
without supervision making it possible to consolidate his improvements. 

Physical activity: more than programmed exercise!Physical activity: more than programmed exercise!

GENERAL INTRODUCTION 

Passive lifestyle METS Active lifestyle METS
Sitting 1 Walking 3,5
Driving car 2 Riding bike 8
Taking bus 1 Walking holding briefcase 3,5
Chatting 1,5 Skating 7
Taking elevator 1,5 Climbing stairs 8
Talking during lunch 1,5 Badminton 7
Carwash 1,3 Wassing & waxing car 4,5
Using leaf blower 3,5 raking leaves 4,3
Giving presentation 1,5 Join gym class 6,5

Average 1,2 Average 5,8

X 5

*METS = Metabolic E quivalenTS

Physical activity patternsPhysical activity patterns

GENERAL INTRODUCTION 
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Vissers D, Truijen S, Rouchet A, Van Lint N, Van Gaal L. Obesity Research 2005

*P<0.05

Physical activity patternsPhysical activity patterns

GENERAL INTRODUCTION 

Vissers D, Truijen S, Rouchet A, Van Lint N, Van Gaal L. Obesity Research 2005
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Physical activity patternsPhysical activity patterns

GENERAL INTRODUCTION 

Vissers D, Truijen S, Rouchet A, Van Lint N, Van Gaal L. Obesity Research 2005

*

* *

0

10

20

30

40

50

60

70

80

90

Low Intensity Moderate Intensity High Intensity

P
er

ce
nt Adolescents

Adults

*P<0.05
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GENERAL INTRODUCTION 

Vissers D, Truijen S, Rouchet A, Van Lint N, Van Gaal L. Obesity Research 2005
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Research QuestionsResearch Questions

THESIS OUTLINE 

• PART I 
Lifestyle, overweight and the metabolic syndrome in youth

1. How big of a problem is overweight and obesity in youth attending 
third grade secondary education in the province of Antwerp 
(Flanders)?

2. Are overweight and obesity risk factors for the metabolic syndrome, 
even at relatively young age (16-18y)?

3. What is the effect of a multidisciplinary school-based lifestyle 
intervention program on weight, body composition and metabolic risk 
factors?

Research QuestionsResearch Questions

THESIS OUTLINE 

• PART II 
Lifestyle, overweight and the metabolic syndrome in adults

1. Can short-term WBV exercises increase oxygen uptake in overweight 
and obese women? 

2. What is the effect of caloric restriction combined with a long-term WBV 
training program compared to a standard fitness training program ?

PART I 

1. How big of a problem is overweight and obesity in youth 
attending third grade secondary education in the province of 
Antwerp (Flanders)?

Vissers D, Devoogdt N, Gebruers N, Mertens I, Truijen S, Van Gaal L.
Overweight in adolescents: differences per type of education. Does one size fit all? 
J Nutr Educ Behav 2008;40(2):65-71.

MethodsMethods

PART I – 1.Overweight in youth

Contacted all secondary schools 
in province of Antwerp

28 schools responded

18 schools participated

total sample of 1138 students

994 were
16 to 18 years old
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MethodsMethods

PART I – 1.Overweight in youth PART I – 1.Overweight in youth

MethodsMethods

• Antropometric data
– Weight
– Height
– Body Mas Index (BMI)
– Waist Circumference (WC)
– Hip Circumference (HC)
– Waist-to-Hip Ratio (WHR)
– Skin fold thickness
– BIA fat%

MethodsMethods

PART I – 1.Overweight in youth PART I – 1.Overweight in youth

MethodsMethods

• Questionnaires
– SF 36: Health-related quality of life
– DEBQ: Dutch Eating Behavior Questionnaire
– Baecke: 

• leisure time activity

• work (school) activity

• Sports activity

• total physical activity

– Self-reported sports or vigorous physical activity (h/wk)
– General questionnaire: 

• activity level

• smoking status

• sports club membership

• riding a bike to school

PART I – 1.Overweight in youth

ResultsResults
• Prevalence of overweight and obesity

3
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1. Cole TJ, et al. BMJ. 2000

2. www.vub.ac.be/groeicurven/english.html

PART I – 1.Overweight in youth

ResultsResults
• Prevalence of overweight and obesity
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PART I – 1.Overweight in youth

ResultsResults
• Health-related quality of life (SF36)
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PART I – 1.Overweight in youth

ResultsResults
• Health-related quality of life (SF36)

BOYS
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PART I – 1.Overweight in youth

ResultsResults
• Health-related quality of life (SF36)

EDUCATIONAL SYSTEM

**P<0.05 compared to GSE & ASE

*P<0.05 compared to GSE

***P<0.05 compared to GSE,ASE & TSE

PART I – 1.Overweight in youth

ResultsResults
• Eating Behavior (DEBQ)

BMI
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PART I – 1.Overweight in youth

ResultsResults
• Smoking

BMI (p=0,004)

55.2%

never smoked

58.5%
never smoked

73.4%
never smoked

ObeseOverweightNormal weight

53.6%
never smoked

63.5%
never smoked

71.6%
never smoked

85.9% 
never smoked

VSETSEASEGSE

EDUCATIONAL SYSTEM (p<0.001)

PART I – 1.Overweight in youth

ResultsResults
• Physical Activity 

(Baecke)

GENDER

*(p<0.05)

*(p<0.001)
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PART I – 1.Overweight in youth

ResultsResults
• Physical Activity 

(Baecke)

BMI

PART I – 1.Overweight in youth

ResultsResults
• Physical Activity (self-reported sports activities [h/wk])

0.0226.4 (± 5.0) h/wk7.6  (±6.6) h/wk

POverweight + ObeseNormal weight

0.0016.8 (± 6.4) h/wk8.2  (±6.3) h/wk

PGirlsBoys

BMI

GENDER

PART I – 1.Overweight in youth

DiscussionDiscussion
• Prevalence of overweight & obesity

neighboring countries
(aged 10–16 years in 2001–2002)

Source: Janssen I, et al. Obes Rev 2005

9.9 3.0

PART I 

2. Are overweight and obesity risk factors for the metabolic 
syndrome, even at relatively young age (16-18y)?

Vissers D, Vanroy C, De Meulenaere A, Van de Sompel A, Truijen S, Van Gaal L.
Metabolic syndrome in youth: a cross-sectional school-based survey. 
Acta Paediatr 2007;96:1809-13.

MethodsMethods

PART I – 2. MetS in youth PART I – 2. MetS in youth

MethodsMethods

• Antropometric data
– Weight

– Height

– Body Mas Index (BMI)

– Waist Circumference (WC)

– Hip Circumference (HC)

– Waist-to-Hip Ratio (WHR)

– Skin fold thickness

– BIA fat%

– Blood pressure
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PART I – 2. MetS in youth

MethodsMethods

• Blood samples
– Fasting glucose

– HDL-C

– Triglycerides

• Questionnaire
– Personal information

– Self-reported P.A. (h/wk)

PART I – 2. MetS in youth

Definition Definition MetSMetS > 18y> 18y

• � 3 of 5 risk factors
1. Waist circumference > 102 cm men

> 88 cm women

2. Hypertriglyceridemia: > 150 mg/dl

3. Low HDL cholesterol: < 40 mg/dl men

< 50 mg/dl women

4. High blood pressure: > 130/85 mmHg

5. High (fasting) blood sugar: > 100 mg/dl

Grundy SM et al. Circulation 2005

MethodsMethods

PART I – 2. MetS in youth

Definition Definition MetSMetS �� 18y18y11

• � 3 of 5 risk factors
1. Waist circumference > 95th percentile 2

2. Hypertriglyceridemia: � 110 mg/dl
3. Low HDL cholesterol: < 40 mg/dl
4. High blood pressure: > 95th percentile 3

5. High (fasting) blood sugar: > 100 mg/dl

1. Cook S et al. Arch Pediatr Adolesc Med 2003

2. Fredriks AM et al. Eur J Pediatr 2005

3. de Man SA et al. J Hypertens 1991

MethodsMethods

PART I – 2. MetS in youth

ResultsResults
• Prevalence of overweight & obesity

neighboring countries
(aged 10–16 years in 2001–2002)

Source: Janssen I, et al. Obes Rev 2005

14.3 7.3

9.9 3.0

PART I – 2. MetS in youth

Prevalence of the Metabolic SyndromePrevalence of the Metabolic Syndrome

ResultsResults
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PART I – 2. MetS in youth

BMI & components of the BMI & components of the MetSMetS

ResultsResults
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PART I – 2. MetS in youth

Prevalence components Prevalence components MetSMetS & contribution/gender& contribution/gender

ResultsResults

PART I – 2. MetS in youth

Prevalence Prevalence MetSMetS in obese childrenin obese children

DiscussionDiscussion

• Invitti et al, 2006: 23.3% (6-16y, referred to obesity centre)

• Cook et al, 2003: 28.7% (12-19y, NHANES III)
• De Ferranti et al, 2004: 31.2% (12-19y, NHANES III)
• Weiss et al, 2004: 38.7% (4-20y, moderately obese)

49.7% (4-20y, severely obese)39.1%

Invitti C et al. Int J Obes (Lond) 2006

de Ferranti S et al. Circulation 2004

Weiss R et al. N Engl J Med 2004

Cook S et al. Arch Pediatr Adolesc Med 2003

PART I 

3. What is the effect of a multidisciplinary school-based lifestyle 
intervention program on weight, body composition and 
metabolic risk factors? 

Vissers D, De Meulenaere A, Vanroy C, Vanherle K, Van de Sompel A, Truijen S,
Van Gaal L . Effect of a multidisciplinary school-based lifestyle intervention on
body weight and metabolic variables in overweight and obese youth.
e-SPEN, European e-Journal of Clinical Nutrition and Metabolism 2008;3:196-202

MethodsMethods

PART I – 3. Lifestyle intervention

All VSE schools in province of Antwerp contacted (N=109)

14 participating schools

869 participating students

All variables of MetS determined for 506 students

76 overweight and obese participants in lifestyle study

Experimental group (N=37) Control group (N=39)

PART I – 3. Lifestyle intervention

MethodsMethods

• Antropometric data (baseline and after 6 months )
– Weight

– Height

– Body Mas Index (BMI)

– Waist Circumference (WC)

– Hip Circumference (HC)

– Waist-to-Hip Ratio (WHR)

– Skin fold thickness

– BIA fat%

– Blood pressure

PART I – 3. Lifestyle intervention

MethodsMethods

• Blood samples (baseline and after 6 months )
– Fasting glucose

– HDL-C

– Triglycerides

• After 3 months only 
• Weight

• Height

• Waist Circumference

• Hip Circumference
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PART I – 3. Lifestyle intervention

MethodsMethods

NUTRITIONAL COUNSELING

• 1x/month, in school, after or between school hours (individual or group)

• Main focus: 
– healthy food choices 

– maintaining a proper energy balance

• Specific themes: breakfast, snacks, drinks, diary products, …

• Two parents teachers meetings: disappointingly low turn up

PART I – 3. Lifestyle intervention

MethodsMethods

PHYSICAL ACTIVITY COUNSELING

• 1x/month, in school, after or between school hours

• Students were coached to increase their daily P.A. 

• Pedometers and diary: monitor P.A. 

• Free subscription to a nearby fitness club 
– Instructed to exercise at least 3x/ week

– Mix of aerobic and strength exercises

PART I – 3. Lifestyle intervention

ResultsResults

DROP OUTS

• Control group: 8 drop-outs 
• not motivated to continue participating: 3

• started fitness or diet: 2,

• reason unknown: 2,

• changed school: 1

• Intervention group: 15 drop-outs
• medical reasons: 4

• reason unknown: 4

• stopped going to school: 3

• pregnant: 2

• no compliance: 1

• jail: 1

PART I – 3. Lifestyle intervention

ResultsResults

WEIGHT

P<0.001

PART I – 3. Lifestyle intervention

ResultsResults

BMI

P<0.001

PART I – 3. Lifestyle intervention

ResultsResults

BODY FAT % (6 months)

*

*

-2,5

-2,0

-1,5

-1,0

-0,5

0,0

0,5

1,0

1,5

2,0

Weight (kg) BMI (kg/sq.m) BIA fat%
Experimental (N=22)
Control (N=31)

*

P<0.001

P<0.001 P=0.011
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PART I – 3. Lifestyle intervention

ResultsResults

COMPONENTS of the METABOLIC SYNDROME (changes after 6m)

p=0.134

p=0.058*
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P=0.025

PART I 

General conclusionsGeneral conclusions
• Prevalence of overweight and obesity is significantly higher in VSE 

compared to other educational systems
• Health programs should target the population most at risk and should be 

tailor-made for these groups

• Being overweight or obese substantially increases the risk for 
metabolic syndrome, even in an adolescent school population.

• We suggest to include screening, prevention and treatment of the
components of the metabolic syndrome in a public- and school-health 
programme for adolescents and young adults.

• A multi-disciplinary extracurricular school-based health program seems to 
be a promising approach to reduce body weight and improve aspects of 
the metabolic syndrome.

Research QuestionsResearch Questions

THESIS OUTLINE 

• PART II 
Lifestyle, overweight and the metabolic syndrome in adults

1. Can short-term WBV exercises increase oxygen uptake in overweight 
and obese women? 

2. What is the effect of caloric restriction combined with a long-term WBV 
training program compared to a standard fitness training program ?

PART II 

1. Can short-term WBV exercises increase oxygen uptake in 
overweight and obese women?

Vissers D, Baeyens J-P, Truijen S, Ides K, Vercruysse C-C, Van Gaal L.
The effect of whole body vibration short-term exercises on ventilatory
response in overweight and obese women.

The Physician and Sportsmedicine. 2009, 37

MethodsMethods

PART II – 1. WBV & ventilation

Overweight Obese

Mean  (SD) Mean  (SD) P
Height (m) 1.70 (0.05) 1.69 (0.06) 0.553
Weight (kg) 77.9 (7.9) 96.5 (11.7) 0.001
BMI (kg/m2) 26.8 (1.3) 33.8 (2.2) <0.001

Age (y) 39 (7) 36 (8) 0.318
Bodyfat% 32.6 (3.8) 37.6 (2.1) 0.002
Resting heart rate 77 (10) 80 (11) 0.589
Resting VO2 (l/min) 0.290 (0.047) 0.308 (0.036) 0.341
Table 1: descpriptive statistics of the overweight ( n=10) and obese women (n=10).

BMI=Body Mass Index, VO2= Oxygen uptake.

PART II – 1. WBV & ventilation

MethodsMethods

• Antropometric data 
– Weight

– Height

– Body Mas Index (BMI)

– Skin fold thickness

– BIA fat%

• Breath-by-breath gas analysis 
– VO2

– VCO2

– METS

– Heart Rate

• Borg's 15-point RPE 
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PART II – 1. WBV & ventilation

MethodsMethods

dynamic calf raises + vibration 3' (CR+VIB)

dynamic squatting + vibration 3' (SQ+VIB) 

standing + vibration 3' (ST+VIB)

dynamic calf raises 3' (CR)

dynamic squatting 3' (5°- 60°flexion knees) (SQ)

Standing 3' (ST)

Randomized

Sitting 3'

Rest 15'

– Between each exercise the participants rested for 10 minutes.

– All exercises were performed at a constant pace (3s up, 3s down) which was 
controlled by a staff member with a chronometer.

• Protocol 

PART II – 1. WBV & ventilation

MethodsMethods

– The mean values of the 3rd minute of  
VO2, VCO2 and heart rate were 
compared.

– Every exercise was performed on a 
vibration platform (Power-Plate, Next 
Generation, Netherlands). 

– The vibration device was set on a 
frequency of 35 Hz and high intensity
(amplitude of 4 mm, quoted by the 
manufacturer) for exercises with 
vibration. 

• Protocol 

PART II – 1. WBV & ventilation

ResultsResults

<0.0011.97 (0.37)1.31 (0.19)METS

0.17810.0 (2.7)9.1 (2.2)Borg’s RPE

0.01295 (14)90 (12)Heart rate

<0.0010.41 (0.09)0.27 (0.05)VCO2 (l/min)

<0.0010.60 (0.11)0.40 (0.06)VO2 (l/min)

PVibrationNo Vibration

Standing

PART II – 1. WBV & ventilation

ResultsResults

<0.0012.37 (0.49)1.90 (0.29)METS

0.01912.3 (2.5)11.3 (1.8)Borg’s RPE

<0.001103 (15)95.6 (12.09)Heart rate

<0.0010.49 (0.10)0.39 (0.09)VCO2 (l/min)

<0.0010.71 (0.11)0.58 (0.10)VO2 (l/min)

PVibrationNo Vibration

Calf Raises

PART II – 1. WBV & ventilation

ResultsResults

<0.0013.06 (0.47)2.49 (0.38)METS

0.20811.7 (2.0)10.9 (2.55)Borg’s RPE

0.002111 (14)103 (12)Heart rate

<0.0010.64 0.12)0.51 (0.09)VCO2 (l/min)

<0.0010.93 (2.55)0.77 (0.15)VO2 (l/min)

PVibrationNo Vibration

Squatting

PART II – 1. WBV & ventilation

ResultsResults
*P<0.001
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ResultsResults

P<0.001

PART II – 1. WBV & ventilation

ConclusionsConclusions

• Adding WBV to an exercise increases oxygen consumption 
significantly

• The clinical relevance of this increase remains unclear

• More research is needed to investigate the underlying mechanism

PART II 

2. What is the effect of caloric restriction combined with a 
long-term WBV training program compared to a standard 
fitness training program ?

Vissers D, Verrijken A, Mertens I, Van Gils C, Van de Sompel A, Truijen S,
Van Gaal L.  Effect of long-term whole body vibration training on visceral

adipose tissue. A preliminary report. Submitted

MethodsMethods

PART II – 2. WBV & VAT

• A total of 79 subjects with overweight or obesity were recruited.
• Sixty-one (61) of them completed the study. 

Table 1.Characteristics of the 4 groups at baseline.

.7600.88±0.110.90±0.090.90±0.070.91±0.11WHR

.653100.0±13.5103.5±9.4102.3±7.999.7±11.1WC (cm)

.294150.4±78.7113.2±45.3124.5±50.9125.7±62.5VAT (cm²)

.20931.9±4.733.1±3.432.9±3.130.8±3.4BMI (kg/m²)

.48095.2±17.894.5±11.792.1±11.188.6±15.9Weight (kg)

.95143.3±9.644.7±13.045.5±13.144.8±11.4Age (y)

P
Vibration

(n=18)
Fitness 
(n=20)

Diet
(n=20)

Control
(n=21)

BMI denotes Body Mass Index; VAT, Visceral Adipose Tissue; 
WC, Waist Circumference and WHR, Waist-to-Hip Ratio .

Anthropometric measurementsAnthropometric measurements

• Height & weight was measured ® BMI
• Waist  & hip circumference was measured ® WHR
• Bia fat% (formula of Deurenberg et al.)
• SBP & DBP

• Visceral adipose tissue by CT-scan (at the L4 through L5 level; [cm²]) 

The full assessment, including CT scan, was repeated at 3, 6, and 12 months.

MethodsMethods

PART II – 2. WBV & VAT

Laboratory analysesLaboratory analyses

• Fasting blood sample
– Triglycerides

– HDL-cholesterol

– Glucose

• Oral Glucose Tolerance Test 

MethodsMethods

PART II – 2. WBV & VAT

Exercise testExercise test

• Spirometry

• Incremental exercise test 
– 30W + 15W/min

– VO2max

– 12-lead ECG
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CON

DIET

FIT

VIB

No intervention No intervention No intervention

B
A
S
E
L
I
N
E

3

M
O
N
T
H
S

6

M
O
N
T
H
S

12

M
O
N
T
H
S

Counseling/2weeks Counseling / month Counseling / 2 months

Training: 2x/week Training: 1x/week
Counseling/2weeks Counseling / month

Counseling / monthCounseling/2weeks

Counseling / 2 months

Counseling / 2 months
Training: 3x/week Training: 3x/week

Measurement Measurement Measurement Measurement

Methods: DesignMethods: Design

PART II – 2. WBV & VAT

DietDiet
• Caloric restriction
• (RMR * 1.3) – 600 kcal 

Fitness (+ diet)Fitness (+ diet)
• Aerobic interval training 
• Continuous aerobic exercise (70-80% of HRmax) 

– Walking, running, cycling and stepping

• General muscle strengthening exercises (large muscle groups) 

MethodsMethods

PART II – 2. WBV & VAT

WBV (+ diet)WBV (+ diet)
• WBV platform (Power Plate). 
• Training protocol: 

– gradual increase in frequency (30-35-40 Hz) 

– amplitude (low-high) 

– time/exercise (30-45-60 seconds) 

– number of exercises (10 to 22 exercises)

– The first 3 months: static exercises

– the next 3 months: exercises were executed dynamically

MethodsMethods

PART II – 2. WBV & VAT

WBV (+ diet)WBV (+ diet)

MethodsMethods

PART II – 2. WBV & VAT

WBV (+ diet)WBV (+ diet)

MethodsMethods

PART II – 2. WBV & VAT

Results: WeightResults: Weight

PART II – 2. WBV & VAT

P<0.001
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Results: Visceral Adipose TissueResults: Visceral Adipose Tissue

PART II – 2. WBV & VAT

P<0.001

Results: Waist CircumferenceResults: Waist Circumference

PART II – 2. WBV & VAT

P<0.001

Fasting GlucoseFasting Glucose
• Only a sign. increase in the DIET group after 12m compared to 6m

HDLHDL--CholesterolCholesterol
• CONTROL group: = 

• 3 intervention groups: ­
• Largest changes occurred in the FITNESS group

TriglyceridesTriglycerides
• CONTROL group: = 

• 3 intervention groups: ¯
• Largest changes occurred in the FITNESS group

ResultsResults

PART II – 2. WBV & VAT
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Results: VOResults: VO22max/kg max/kg 
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P<0.001

P=0.021

• Recent animal studies show that whole-body vibration
– reduced body fat accumulation in rats1

– adipogenesis is inhibited in mice2

1. Maddalozzo GF et al. IJO 2008.

DiscussionDiscussion

PART II – 2. WBV & VAT

2. Rubin CT et al. Proc. of the NAS of the USA 2007.

• Whole-body vibration reduced body fat accumulation and serum leptin
without affecting muscle function or food consumption in Fischer rats.1

Maddalozzo GF, Iwaniec UT, Turner RT, et al. IJO 2008

• 30 rats (7 months)

• WBV: 
– 5x/week

– 30 min/day

– 12 weeks

• 10% less weight compared to control group

• 2% less body fat compared to control

Leptin

DiscussionDiscussion

PART II – 2. WBV & VAT
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• Rubin et al. recently reported that adipogenesis is inhibited in mice by
brief, daily exposure to whole-body vibration.1

Rubin CT, Capilla E, Luu YK, et al. Proc. of the NAS of the USA 2007

• 40 mice (7 weeks old) 

• WBV
• 5x/week

• 15 min/day

• 15 weeks

• CT-scan after 9 weeks
• 22% less fat vs control

• 39% less weight vs control

DiscussionDiscussion

PART II – 2. WBV & VAT DISCUSSION 

WBV and FFA?WBV and FFA?

• Goto et al. suggest that short-term WBV stimuli increase serum FFA 
concentration during the recovery period

Goto K, Takamatsu K. The Japanese journal of physiology 2005

• 10 sets of vibration WBV

• for a duration of 60 s 

• rest periods of 60 s between
each set 

• frequency 26 Hz

DISCUSSION 

WBV and WBV and SympathicSympathic Nervous System?Nervous System?

• WBV may elicit secondary responses through interaction among different 
systems: skeletal, muscular, endocrine, nervous, and vascular systems2

2.Prisby RD et al. 2008

1. Ando H. et al. 2003

• Acute exposure to whole-body vibration activates the central sympathetic 
nervous system.1

ShortcomingsShortcomings

• Unable to perform an exercise test in the CONTROL group

• Initial group sizes were small for a long-term study

• An unequal amount of intervention sessions between FITNESS and 
VIBRATION groups

DiscussionDiscussion

PART II – 2. WBV & VAT

• Both a Standard Fitness training and WBV training, in addition to a 
hypocaloric diet, can help to achieve a sustained mid-term (6 months) and 
long-term (12 months) weight loss of 5 - 10 %. 

• WBV training seems to have the potential to reduce WC and VAT more 
than a Standard Fitness training program. 

• Standard Fitness training program seems to have a stronger effect on
HDL-C, TG and aerobic capacity. 

ConclusionsConclusions

PART II – 2. WBV & VAT

• Combined approach of both aerobic exercise and WBV can 
potentially be included in future weight loss programs.

• More controlled trials will have to be performed in order to 
confirm these data.

ConclusionsConclusions

PART II – 2. WBV & VAT
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