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GET UP, STAND UP, STAND UP FOR YOUR HEALTH!

Prevention of sedentary behaviors to improve

metabolic flexibility and metabolic health
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The obesity and associated metabolic diseases pandemy
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Role of physical inactivity in basic features of the obese phenotype?
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Control group

AthletesDetrained
Detraining

TrainedInactives
Exercise / Training

Physical inactivity

Physical activity level (TEE/RMR) AthletesInactives

General population1.2 2.3-2.91.81.4

Bed rest model

ActivesInactives
Physical inactivity

How can we study the direct effects of physical inactivity?



Head-down tilt bed rest

Physiological adaptations to 

space environment

Blanc et al, J Clin Endocinol Metab 1998
Bergouignan et al, J Clin Endocinol Metab 2010

Healthy lean active subjects

Chronic physical inactivity induced by strict head down tilt bed rest in 

healthy humans



CAUSES?

Extreme inactivity

Level of physical inactivity

of the general population

Bergouignan et al. PloS Clin Trial 2006; Diabetes 2009, J Clin Endo Metabo 2010, AJCN 2013; Rudwill et al. JCEM 2018 

Physiology of physical inactivity
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Physiology of physical inactivity: Mechanisms at muscle level
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Mitochondrial respiration



Low muscle energy turnover

Physical inactivity 

Muscle insulin resistance

Hyperinsulinemia

Accumulation of 
DAG, ceramides, acylcarnitine

Bergouignan et al J Appl Physiol, 2011

Physiology of physical inactivity: Cascade of events
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Metabolic syndrome

Ectopic fat storage
Liver, muscle, bone

Physiology of physical inactivity: Cascade of events



Similar metabolic features between obese and inactive individuals

Low muscle energy turnover Remodeling of the muscle

Decreased mechanical workloadPhysical inactivity 

Low mitochondria 
oxidative
capacity

Muscle insulin resistance

Hyperinsulinemia

Liver de novo lipogenesis

Shift to fast 
twitch 

glycolytic fiber

VLDL production

Chylomicrons 
clearance

Accumulation of 
DAG, ceramides, acylcarnitine

Atrophy

Spillover of NEFA 

Dietary 
fat

Adipose tissue 
(central + peripheral)

NEFA 
uptake

Lipid 
oxidation

Glucose
oxidation

NAFLD

+ +

Liver insulin
Resistance ?

Bergouignan et al J Appl Physiol, 2011

Metabolic syndrome

Ectopic fat storage
Liver, muscle, bone



Low muscle energy turnover Remodeling of the muscle

Decreased mechanical workloadPhysical inactivity 

Low mitochondria 
oxidative
capacity

Muscle insulin resistance

Hyperinsulinemia

Liver de novo lipogenesis

Shift to fast 
twitch 

glycolytic fiber

VLDL production

Chylomicrons 
clearance

Accumulation of 
DAG, ceramides, acylcarnitine

Atrophy

Spillover of NEFA 

Dietary 
fat

Adipose tissue 
(central + peripheral)

NEFA 
uptake

Lipid 
oxidation

Glucose
oxidation

NAFLD

+ +

Liver insulin
Resistance ?

Bergouignan et al J Appl Physiol, 2011

Metabolic inflexibility

Ectopic fat storage
Liver, muscle, bone

Metabolic syndrome

Is metabolic flexibility playing a role in this cascade of events?

?



Regulator(s)

Δ Leg RQGlucose Infusion
↑ Insulin

Metabolic flexibility, the early definition

Metabolic flexibility = The ability of the body to adjust substrate oxidation to changes 
in substrates availability and energy demand

Kelley and Mandarino, J Clin Invest 1990
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Metabolic flexibility, our broader paradigm



Blanc et al. JCEM 1998; Rynders A et al J Physiol, 2018
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Metabolic inflexibility, a direct consequence of physical inactivity, that
precedes the development of other metabolic alterations

Blanc et al. JCEM 1998; Rynders A et al J Physiol, 2018; Rudwill F et al 2018
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What is the impact of these alterations on body weight regulation?

Weight gain ?



Adapted from Mayer et al, AJP 1954

The old Mayers’s hypothesis on body weight regulation, 1954
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Relationship between physical activity and fat oxidation?

Independent of any detectable changes in energy balance



Activity energy expenditure predicts dietary fat oxidation
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Bergouignan et al. AJCN 2013

Effects of physical activity level variations on a key parameter of body 

weight regulation
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Smith et al. Am J Clin Nutr, 2000 -> men

Hansen et al. Am J Clin Nutr, 2008 -> women
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Long term 
weight gain?



Body mass gain=+3.0 ± 0.6 kg 

Fat mass gain=+2.1 ± 0.5 kg

At baseline: 3 days overfeeding:
• Changes in energy expenditure & physical activity
• Changes in 24h nutrient metabolism 

Sedentary behaviors, metabolic inflexibility and longitudinal weight gain
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5-year follow-up: body weight and composition
Daniel Bessesen, MD

Univ. of Colorado
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Sedentary behaviors, low sleep fat oxidation and metabolic inflexibility
are predictors of longitudinal weight gain

Rynders CA et al. Obesity 2017; Creasy SA et al. 

Obesity 2018; Rynders CA et al. Obesity, in press
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Dietary fatty acid oxidation
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Can exercise offset the physical inactivity induced metabolic alterations?

Control group

* P<0.05 vs ambulatory period

Bergouignan et al. PLoS Clin Trials, 2006; Diabetes 2009
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Surprisingly, it does not…

Can exercise offset the physical inactivity induced metabolic alterations?

Dietary fatty acid oxidation

Resistive exercise
3 days / week
35 min per session

Aerobic exercise
3-5 days / week
45 min per session
40-80%VO2peak

+
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Breaking u sedentary time dBreaking up sedentary time paradigm

↓ postprandial insulin concentration
↓ postprandial glucose concentration

Breaking up sedentary time versus 
increase in energy expenditure?

Dunstan D et al. Diabetes Care, 2012, Dempsey Diab Care 2018; Bailey D et al. J Sc Med Sp; Blankenship J et al. APNM 2014
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SleepHome

7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 0 1 2 3 4 5 6 7

HomeSED Sedentary

Sedentary Home SleepHomeMICRO

Time

SleepEX HomeSedentaryONE Home

Randomized control trial
10F and 10M overweight sedentary adults - 4 days
Diet, caffeine, alcohol, physical activity fully controlled

Breaking up sedentary time paradigm





At same energy expenditure and deficit, a differential use of nutrient
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improve metabolic flexibility?
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Medium-term metabolic effects?

MICRO

ONE

Sedentary inactive adults 4 weeks

Sedentary behaviors and profile of physical activity
Total energy expenditure and metabolic rate

Insulin sensitivity and glycemic control
24hr nutrient metabolism

Mitochondrial function
Molecular mechanisms



MICRO (n=8)

ONE (n=8)

Sedentary inactive adults 4 weeks

Medium-term metabolic effects?

Insulin sensitivity (IVGTT)
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Breaking up sedentary time may have further health 
benefits than those associated with energy expenditure



Adapted from Mayer et al, AJP 1954

Conclusions

- Sedentary behavior is a key predictor of metabolic flexibility

- Metabolic inflexibility contributes to the development of physical inactivity 
induced metabolic alterations

- Exercise alone, without reaching a certain level of physical activity level or 
energy expenditure, does not offset the physical activity induced metabolic 
alterations

- Non-exercise activities likely play a key role in the regulation of metabolism

- In addition to the effects of energy expenditure, breaking up sedentary time 
may  confer health benefits including the improvement of metabolic flexibility
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Revisiting the old Mayer’s hypothesis
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Physiopathology of metabolic inflexibility

Metabolic flexibility is a core component of metabolic health and diseases

Van Ommen B. Gens Nutr, 2014
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Substrate
Availability

Sedentary behavior is a key predictor of metabolic inflexibility

Rynders C et al. J Physiol 2018
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Is metabolic flexibility determined by levels of physical activity?

Independent of any detectable changes in energy balance
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Is metabolic flexibility determined by levels of physical activity?

An increase in physical activity level improves metabolic flexibility



2-month training,
overweight men

1-month detraining,
trained men

2-month training,
sedentary men

1-month bed rest,
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Is metabolic flexibility determined by levels of physical activity?

Physical activity predicts metabolic flexibility

Bergouignan et al JAP, 2011
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How to examine the relationship between AEE and fat oxidation?

Effect of adiposity?

Independent of any detectable changes in energy balance



24hr total 
energy expenditure

24hr activity 
energy expenditure

24hr non-exercise activity 
energy expenditure

A spontaneous compensation in response to exercise training

Lefai E et al. Int J Obes 2016

Effect of exercise training on AEE and fat oxidation in lean and obese



Even when no increase in TEE and AEE, exercise training increases 24hr total and 
dietary fat oxidation

Lefai E et al. Int J Obes 2016

Total fat oxidation 24hr dietary fat oxidation

*p<0.05 vs before training
***p<0.001 vs. before training

24hr total 
energy expenditure

24hr activity 
energy expenditure

24hr non-exercise activity 
energy expenditure

Effect of exercise training on AEE and fat oxidation in lean and obese



Physical inactivity is a predictor of metabolic inflexibility



24h measurement of amount of fat and carbohydrate being used as fuel
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