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‘Myths’ or ‘facts’
• ENERGY BALANCE - Reducing energy intake by
500 kcal per day equals about 0.5 kg weight loss
per week
• METABOLIC RATE - Weight gain during
adulthood is mainly explained by slowing down
metabolic rate
• ENERGY COMPENSATION – Increasing physical
activity will increase total energy expenditure
• WEIGHT GAIN PREVENTION – Higher levels of physical
activity prevent weight gain
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A small negative energy balance produces
substantial weight loss over time
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Weight loss and calories
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Erroneous weight loss projections
1 pound (lb) = 0.45 kg

(Hall et al, Lancet 2011)
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A dynamic energy balance model
• Predicted weight loss by reducing energy intake
by 500 kcal per day in a man of 100 kg
• ~12-13 kg weight loss within 1 year
• ~25 kg weight loss achieved within 4 years
• No further weight loss despite energy deficit
• https://www.niddk.nih.gov/bwp
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(Hall et al, Lancet 2011)
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The body fight against weight loss but not weight
gain
Why Weight loss is difficult
• Homeostasis – maintenance
• Evolution – store energy
• Metabolism slows down - storing fat
• Hormones (leptin) - increase drive to eat
• Neural reward systems (dopamine) ‘kick in’
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Weight regain

(From Hall et al, Obesity 2016)
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Careau et al.
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‘The Myths’
• ENERGY BALANCE - Reducing energy intake by 500
kcal per day equals about 0.5 kg weight loss per week

• METABOLIC RATE - Weight gain during adulthood is
mainly explained by slowing down metabolic rate

• ENERGY COMPENSATION – Increasing physical
activity will increase total energy expenditure
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Components of Total Energy Expenditure
• Basal (Resting) Energy Expenditure
• Diet-induced energy expenditure – 10%
of TEE
• Physical Activity Energy Expenditure
(AEE) – TEE (x 0.9) minus REE
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• FFM explains 71% of the variation in
TEE

TEE as a function of FFM in obese and normal-weight

• The association between FFM and TEE
is similar in obese and normal-weight
• Same slope
• Different intercept
• TEE should be adjusted for FFM and FM
when comparing groups/individuals
with different body composition

(Ekelund et al, AJCN 2002)
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Measurement of TEE by The Doubly Labelled
Water Method

H218O + C16O2

H2C18O16O2

H216O + C16O18O
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• TEE (MJ/d) increases linearly between birth and
adolescence
• TEE (MJ/d) is stable between 20 and 60 years
• TEE (MJ/d) decline after age 60 years
6421 individuals (62% women) aged 8 days to 95 years

• TEE (MJ/d) higher in men compared with women
after adolescence

(Pontzer et al, Science 2021)
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TEE adjusted for FM and FFM
•

Body size adjustment by residuals and
converted to ’adjusted’ TEE - 100%
match the expected TEE given FM and
FFM

•

TEE highest in 1 year olds

•

Decline throughout childhood and
adolescence

•

Stable between 20 and 60 years

•

Decline by 0.7% after 60 years

•

No sex difference

(Pontzer et al, Science 2021)
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Similar pattern for TEE and REE by age
• Adjusted for FFM and FM
• REE starts declining before the
decline in TEE
TEE
REE

• Steeper decline in TEE
compared with REE - explained
by lower physical activity

(Pontzer et al, Science 2021)
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No difference in TEE and REE during pregnancy
and lactation

(Pontzer et al, Science 2021)
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Body weight gain in adulthood – Intake or
Expenditure?
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Body weight in adult Norwegians by age
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(Anderssen SA et al, Fysisk aktivitet blant voksne og eldre i Norge
Resultater fra en kartlegging i 2008 og 2009. Helsedirektoratet)
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Physical activity in adult Norwegians
Total physical Activity (CPM)

Women

Age (Years)
(Anderssen SA et al, Fysisk aktivitet blant voksne og eldre i Norge
Resultater fra en kartlegging i 2008 og 2009. Helsedirektoratet)
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Summary
• Four distinct phases of metabolism
• TEE stable throughout adulthood –
suggesting body weight gain
between 20 and 60 years is due to
intake rather than expenditure
• Is the decline after 60 years
inevitable?

(Pontzer et al, Science 2021)
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‘The Myths’
• ENERGY BALANCE - Reducing energy intake by 500
kcal per day equals about 0.5 kg weight loss per week

• METABOLIC RATE - Weight gain during adulthood is
mainly explained by slowing down metabolic rate

• ENERGY COMPENSATION – Increasing physical
activity will increase total energy expenditure
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•
•

1754 men and women aged 18 to 96 yrs.
TEE by DLW and REE by indirect calorimetry
FM and FFM derived from body water
(deuterium dilution)

(Careau et al, Curr Biol 2021)
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Additive model: assumes that AEE and BEE are
independent and thus uncorrelated. The model predicts that
additional calories burned by undertaking extra activity
results in an equivalent increase in TEE
Performance model: assumes that a greater "metabolic
machinery" is needed to support higher AEE due to
increased assimilation of energy. The model predicts that
the resultant total calories burned due to activity will be
higher than just the calories expended during the
activity because of additional energy spent on subsequent
physical recovery and maintenance
Compensation model: assumes that energy budgets are
somewhat constrained. The model predicts that BEE decreases
(compensation) when AEE increases

(Careau et al, Curr Biol 2021)
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TEE and AEE as functions of REE - Compensation
TEE positively associated with BEE
slope (b=0.72) <1 partly supporting
compensation
AEE negatively associated with BEE
supporting compensation
When AEE increases BEE declines
No sex or age effect

(Careau et al, Curr Biol 2021)
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Compensation increases with fat mass
Compensation increases from 27% in
those at 10th percentile of BMI to 49%
in those at the 90th percentile
It is unknown if the greater
compensation is due to;
1) Some are inherently stronger
energy compensators
2) People become stronger
compensators as they get fatter

(Careau et al, Curr Biol 2021)
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Higher AEE partly compensates TEE
• Increase in AEE does not result in a
direct increase in TEE
• When AEE increases REE declines
• Compensation is similar in men and
women and do not vary by age
• Body composition is important –
compensation is substantially higher
in obese compared with lean
individuals
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Factors driving energy compensation?
• Energy intake – obese people increases their food intake in response to
increases AEE less than lean, they have fewer resources for other functions, and
this could encourage the body to energy compensate – less likely?
• Fidgeting – decrease in response to increased AEE – Little evidence in the
literature?
• Uncoupling proteins?
• Genetic basis – unknown but likely?
(Cureau et al, Curr Biol 2021)
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Summary
• Data are cross-sectional – extrapolations to interventions may be wrong
• AEE may reflect other things (e.g. thermoregulation) in addition to physical activity
• Increased AEE through physical activity do not lead to a proportional increase in
TEE
• Unclear whether fatter people are predisposed to higher fat mass (’thirfty
phenotype’) or whether they compensate more when getting fatter
• Unclear if a lowered BEE due to increased AEE is associated with comprised
immune system and recovery from injury?
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