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Outline
• Associations between physical activity and sedentary time 

with adiposity and cardio-metabolic risk markers in young
people

• Are these associations causal?

• Which intensity of activity is more important?

• Independent associations and direction of association?

• Does cardio-respiratory fitness modify the association
between physical activity and metabolic riskmarkers?
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Is physical activity causally associated with 
adiposity in young people?
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Causality in observational research – Bradford Hill 
Criteria (slightly modified)

• Strength (effect size, magnitude of association)

• Consistency (reproducibility)

• Specificity (Specific population, specific site, specific cause, 
specific effect) 

• Temporality (cause before effect)

• Gradient (Dose – response)

• Plausibility (Plausible biological mechanism)

• Experiment (Experimental evidence)

(Adapted from Bradford Hill, Proc Royal Soc Med, 1965)
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• 398 4-yr old boys and girls from the SWS study

• PA assessed by combined HR and movement 
sensing for 7 days

• Body composition assessed by DXA

• Time spent in VPA strongly and independently associated with adiposity

• The cross-sectional evidence is clear and undisputable

(Collings et al, AJCN 2013)
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Causality in observational research –
Bradford Hill Criteria (slightly modified)

• Strength (effect size, magnitude of association)  Ѵ

• Consistency (reproducibility) Ѵ

• Specificity (Specific population, specific site, specific cause, 
specific effect) Ѵ

• Temporality (cause before effect) X

• Gradient (Dose – response) Ѵ

• Plausibility (Plausible biological mechanism) Ѵ

• Experiment (Experimental evidence) Ѵ

(Adapted from Bradford Hill, Proc Royal Soc Med, 1965)
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Baseline Physical Activity Follow up Body Weight / Adiposity

This model determines the direction of association

Direction of association - Temporality
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(Sardinha et al, Pediatr Obes 2017)

Substituting sedentary time with LIPA and MVPA

(N=387)
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(Skrede et al, J Sports Sci 2021)
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Bi-directional prospective associations between PA 
and adiposity

(Skrede et al, J Sports Sci 2021)

SED

VPA

MVPA

Overall PA

Skinfolds

WC

BMI

n=864 Baseline Follow up7 months

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline adiposity measure

✓ Child’s birth weight

✓ Parental weight

NS
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Bi-directional prospective associations between PA 
and adiposity

SED

VPA

MVPA

Overall PA

Skinfolds

WC

BMI

n=864 Baseline Follow up7 months

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline adiposity measure

✓ Child’s birth weight

✓ Parental weight

♂

(Skrede et al, J Sports Sci 2021)
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Bi-directional prospective associations between PA 
and adiposity

SED

VPA

MVPA

Overall PA

Skinfolds

WC

BMI

n=864 Baseline Follow up7 months

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline adiposity measure

✓ Child’s birth weight

✓ Parental weight

β -0.069 (-0.159, -0.012), P = 0.001
♂

(Skrede et al, J Sports Sci 2021)
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Baseline Activity

Baseline Body Weight / Adiposity Follow up Activity

Direction of association?
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Bi-directional prospective associations between 
adiposity and PA

BMI

WC

Skinfolds

MVPA

VPA

SED

n=864 Baseline Follow up7 months

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline PA measure

✓ Child’s birth weight

✓ Parental weight

PA

β 0.088 (0.020, 0.157), P = 0.011 

♂

♂

♂

(Skrede et al, J Sports Sci 2021)
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Bi-directional prospective associations between 
adiposity and PA

BMI

WC

Skinfolds

MVPA

VPA

SED

n=864 Baseline Follow up7 months

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline PA measure

✓ Child’s birth weight

✓ Parental weight

PA

♂

♂

♂

(Skrede et al, J Sports Sci 2021)
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Bi-directional prospective associations between 
adiposity and PA

BMI

WC

Skinfolds

MVPA

VPA

SED

n=864 Baseline Follow up7 months

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline PA measure

✓ Child’s birth weight

✓ Parental weight

PA

♂

♂

(Skrede et al, J Sports Sci 2021)
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Interpretation of the Direction of Association

• The use of an imprecise measure of an exposure variable (PA) will tend 
to underestimate its relationship with an outcome variable (regression 
dilution)

• The use of an imprecise outcome variable (PA) increase the uncertainty
in the estimate of the effect size (wider confidence intervals) and does 
not result in systematic underestimation of the association

• Be cautious when interpreting associations when exposures and 
outcomes are measured with different degree of precision
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Is it possible to infer causality from observational 
research
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(Lawlor et al, Stats Med 2008)

Mendelian Randomization – Inference about 
Causality

SNPs associated with obesity

(FTO, ......) ”Genetic risk score”

Obesity Physical Activity / Sedentary time

MR design control for 

confounding and 

reverse causation

Key Assumptions - MR

• Genotypes randomised

• Instrumental variable affecting the

outcome only by modifying the 

”biomarker” (pleitrophy)

• Genotype independent of 

confounders
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(Richmond et al, PLOS Med 2014)

• 1 SD higher BMI associated with 2.6 min lower MVPA and 3.5 more min spent sedentary

• In MR analyses the associations were almost unchanged

• Poor instrumentation of activity limited causal analyses of the PA and BMI relationship
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Physical Activity or Sedentary time?
Causal associations with cardio-metabolic 
health markers?
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(Ekelund et al, JAMA 2012)

To examine the joint

associations between 

SED and MVPA with CVD 

risk factors

N=20,871 (4 to 18 yrs)

Pooled analysis 14 

studies

23



21/11/2022

24

Combined Associations of Time Spent Sedentary and in MVPA With 

Metabolic Risk Factors

(Ekelund et al. JAMA 2012)

v
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Causality in observational research –
Bradford Hill Criteria (slightly modified)

• Strength (effect size, magnitude of association)  Ѵ

• Consistency (reproducibility) Ѵ

• Specificity (Specific population, specific site, specific cause, 
specific effect) Ѵ

• Temporality (cause before effect) X

• Gradient (Dose – response) Ѵ

• Plausibility (Plausible biological mechanism) Ѵ

• Experiment (Experimental evidence) Ѵ

(Adapted from Bradford Hill, Proc Royal Soc Med, 1965)
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(Skrede et al, Am J Clin Nutr, 2017)

• N=700

• Clustered metabolic risk (HOMA, WC, 
SBP, TG, TC:HDL-C)

• MVPA and SED measured with 
accelerometry

• Data adjusted for sex, socio-economic 
status, Tanner stage, monitor wear 
time, and baseline cardio-metabolic 
risk

• MVPA and VPA, but not sedentary
time, is prospectively associated 
with cardio-metabolic risk in healthy 
children. 

(P for trend <0.01)
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(Skrede et al, Obes Rev 2019)
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(Skrede et al, Obes Review, 2019)

 

Outcome Beneficially associated with SED 
 

Not associated with SED 
 

n/N for 
outcome 

(%) 

Level of 
evidence 

BMI Obs.: Stamatakisa Obs.: Treuth, Fishera, Griffithsa, 
Basterfieldb 

1/5 (20 %) No 
evidence 

WC Obs.: Chinapawb Obs.: Skredea, Stamatakisa, Ekelunda, van 
Slujisa, Fishera 

1/6 (16 %) No 
evidence 

Insulin/HOMA-
IR 

 Obs.: Skredea, Stamatakisb,  Chinapawb 0/3 (0 %) No 
evidence 

TG n/a Obs.: Skredea, Stamatakisb, Chinapawb 0/3 (0 %) No 
evidence 

HDL/TC:HDL n/a Obs.: Skredea, Stamatakisb, Chinapawb 0/3 (0 %) No 
evidence 

Blood 
Pressure 
 

n/a Obs.: Skredea, Stamatakisb, Chinapawb 0/3 (0 %) No 
evidence 

CM Risk Obs.: Chinapawb Obs.: Skredea, Stamatakisb 1/3 (33 %) No 
evidence 
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Outcome Beneficially associated with MVPA 
 

Not associated with MVPA n/N for 
outcome (%) 

Level of 
evidence 

BMI Obs.: Stamatakisa , Carsona, Griffithsa (♂), 

Fishera, Basterfield b(♂) 
Int..: Kriemlerc, Gorelyd (2009) 

Obs.: Metcalfa   
Int.: Meyere, Bugged, Gorelye, 
Lubansc, Stevensb, Seabrad, 
Andraded 

7/15 (43 %) Inconsistent 

WC Obs.: Stamatakisa, Stevensb, Chinapawb 
Int.: Bugged, Gorelyd (2009), Seabrad    

Obs.: Fishera, Skredea,  Metcalfa  
Int.: Meyere, Bugged, Gorelye  

6/12 (50 %) Inconsistent 

Insulin/ 
HOMA 

Obs.: Skrede a, Stamatakisb, Chinapawb  

Int.: Bugged (♂) 

Obs.: Metcalfa (2008), Metcalf b 
(2015), 
Int.: Seabrad 

4/7 (57 %) Inconsistent 

TG Obs.: Skredea, Metcalfb (♂) (2015),  

Metcalf a (♀) (2008) 
Int.: Kriemlerc 

 
Int.: Meyere, Bugged, Seabrad  

4/7 (57 %) Inconsistent 

HDL/TC:HDL Obs.: Stamatakisb 
Int.: Kriemlerc 

Obs.: Skredea, Metcalfb (2015), 
Metcalfa (2008) 
Int.: Meyere, Seabrad 

2/7 (29 %) Inconsistent 

Blood 
Pressure 
(MAP, SBP, 
DBP) 

Obs.: Stamatakisa, Metcalfa (♂) (2008), 

Carsona (♂),Chinapawb, Metcalf b (♂) 
(2015)  

Int.: Bugged (♂) 

Obs.: Knowlesa, Skredea  
 
Int.: Kriemlerc, Meyere, Seabrad  

6/11 (54 %) Inconsistent 

 
CMRisk 

Obs.: Skredea, Stamatakisb, Chinapawb, 
Metcalf a (2008) 

 
Int.: Bugged, Meyere 

5/7 (71 %) Negative/ 
inverse 

(Skrede et al, Obes Review, 2019)

Inverse
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(Harnois-Leblanc et al, Lancet Child Adolesc Health 2022)
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Is CRF a modifier between MVPA and clustered CM risk? 
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(Garcia-Hermoso et al, JAMA Pediatr 2020)
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MVPA

High CRF

Low CRF

✓ Sex

✓ Group allocation

✓ Parent’s socio-economic status

✓ Puberty

✓ Baseline clustered cardiometabolic risk

Waist circumference

Systolic Blood Pressure

Triglycerides

HOMA-IR

TC : HDL

Metabolic Risk
β 0.040 (-0.034, 0.112), P = 0.289  

β -0.094 (-0.169, -0.019), P = 0.014 

n=718 Baseline Follow up7 months

(Skrede et al, Int J Obes 2018)
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• Data from 15 unique study samples

• 70% of observations supported grester 
benefits from physical activity in less fit 
children

• The clinical importance is unclear

• Weak quality evidence

• High quality prospective studies and 
well-designed randomised trials are 
needed 

(Husøy et al, J Sports Sci 2020)
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Summary

• Higher intensity PA is associated with lower adiposity levels – Causality not 
determined

• Mendellian randomisation - adiposity is a causal factor for lower levels of PA  

• Emerging evidence for a bi-directional association between PA and adiposity

• Sedentary time appears unrelated

• Higher amounts of MVPA and VPA causally and independently associated with 
clustered cardio-metabolic risk?

• Sedentary time may be causally associated with cardio-metabolic risk?

• Cardio-respiratory fitness liekly modifies the association between PA and cardio-
metabolic risk factors

• The optimal amount and intensity of physical acitivity for cardio-vascular health
in young people is not firmly established
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Future perspectives 

Childhood activity/sedentary Adult activity/sedentary

Childhood health Adult health

(Adapted from Blair)

• Dose-response

• Bi-directional

• Causal

• Dose-response

• Bi-directional

• CausalGenetics Environment

Intrauterine growth and early life

Demographics
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(Bull et al, Br J Sports Med, 2020)

(Chaput et al, IJBNPA 2020)

(https://www.who.int/publications/i/item/9789240015128) 
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https://www.who.int/publications/i/item/9789240015128
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Thank You for the attention
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