chapter 5.

How are overall energy
intake and expenditure
related to obesity?

Food intake is a function of energy requirements as determined
by body size and physical activity.
Adult humans maintain a balance
between their energy intake and energy expenditure, as shown by the
constancy of body weight and body
composition [1]. Energy balance is
achieved by control of energy intake,
energy expenditure, or both. Humans, however, do not balance energy intake and energy expenditure
on a daily basis, as smaller animals
do. They can afford to rely on their
body reserves, whereas smaller species show signs of energy shortage
sooner, as expressed in a lowered
body temperature and reduced physical activity. Smaller species have a
higher energy expenditure per kilogram of body mass as well as a relatively smaller body energy reserve
[2]. Thus, a mouse cannot survive
3 days without food, whereas a normal adult human can survive more
than 30 days without food.

Of course, humans can maintain
a perfect energy balance in the long
term, as shown by a constant body
weight in adult life [1]. An average
person has an energy expenditure
of 10–15 MJ/day, or 3650–5475 MJ/
year. Even a weight change of 1 kg,
equivalent to 30 MJ, denotes a discrepancy between intake and expenditure of only 0.6–0.8% on an
annual basis. Energy intake strongly
correlates with energy expenditure on
a weekly basis. Discrepancies on a
daily basis between intake and expenditure are especially large when
days with high energy expenditure
are alternated with quieter intervals.
For example, military cadets did not
show an increase in energy intake on
days with a higher energy expenditure
when they joined a drill competition.
The corresponding increase in energy
intake occurred about 2 days later [3].
Despite the capacity to maintain
energy balance [1], there is currently a worldwide increase in the

prevalence of obesity. It has been
suggested that modern inactive lifestyles are the predominant factor in
the increasing prevalence of overweight and obesity [4]. An analysis
of measurements of daily energy
expenditure by the doubly labelled
water (DLW) method, as available
over the past decades, suggests
that physical activity levels have
not declined over the period during
which obesity rates have increased
[5]. The data analysis included hundreds of subjects in Europe, North
America, and developing countries,
extending back to the 1980s. The
relationship between daily energy
expenditure and body mass suggests that increases in body mass
are driven by increased energy
intake [6].
This chapter reviews the available evidence on overall energy intake and expenditure in relation to
obesity. The following questions are
addressed: how to assess whether
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energy and macronutrient intake
are different between subjects, and
how overweight and obesity affect
energy expenditure. Subsequently,
interventions to control the obesity
epidemic are reviewed, with a focus
on dietary and exercise interventions.

Dietary intake and obesity
Since the application of the DLW
technique for measuring energy requirements in free-living humans, it
is known that reported dietary intake
is generally lower than habitual dietary intake. Previously, overweight
and obesity as derived from reported
dietary intake were associated with a
reduced energy requirement. A typical
example is shown in Fig. 5.1. In women, reported energy intake is independent of body weight, whereas in men,
reported intake is significantly lower in
heavier subjects. For the same subjects and in both sexes, the difference
between measured expenditure and
reported intake is significantly higher in heavier subjects than in leaner
ones. Heavier subjects tend to show
more underreporting of dietary intake
compared with leaner ones [10], leading to erroneous conclusions from intake as reported.
Underreporting of food intake
seems to be more of a concern for
specific food items, which are generally considered to be “bad for health”.
An example is the inverse relationship between fat intake and obesity,
called the American paradox [11]. In
the adult population, the prevalence of
overweight has increased while at the
same time reported energy intake and
percentage of energy derived from fat
appear to have decreased. This is very
likely to be due to selective underreporting. For example, a DLW study
in obese subjects showed a negative correlation between the reported
percentage of energy from fat in the
diet and the amount of underreporting
[9]. In the case of no underreporting,
the percentage of energy from fat
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would be 46% ± 5%. Food supply data
showed an increase in fat availability
over the past 40 years [12]. Therefore,
the observed decrease in reported fat
intake seems to be doubtful.
Recognition of underreporting is
ideally based on simultaneous DLW
assessment of energy requirements.
However, the cost of the DLW method limits its application in large-scale
studies. A more practical alternative,
which is often used to recognize underreporting, is the application of the
ratio of reported energy intake to basal metabolic rate (BMR), by analogy
with the ratio of daily energy expenditure to BMR known as the physical
activity level (PAL). A cut-off limit for
the ratio of reported energy intake to
BMR is set at a minimum value, often
1.3 [13]. However, cut-off limits do not
take variation in individual PAL values
into account, although more recently
this has become the practice in the
analysis of epidemiological studies
[14]. A subject with a reported intake
of 10 MJ/day and a PAL value of 1.4
could be a correct reporter, whereas
the energy expenditure, and thus the
intake, of the same subject should be
more than 14 MJ/day when the PAL
value is 2.0. Therefore, to validate
reported energy intake, one should
use a combination of BMR and physical activity. BMR can be measured
or estimated with an equation from
the literature, based on the height,
weight, age, and sex of the subject
[15]. Physical activity can be estimated with a DLW-validated accelerometer to record body movement [16].
In conclusion, before data on
reported intake are interpreted,
misreporters should be identified.
This will result in the exclusion
of much, if not most, of the data,
especially for studies in overweight
and obese subjects. Therefore, it was
recently advised that the scientific
and medical communities should
discontinue reliance on self-reported
energy intake as a measure of energy
intake [17].

Energy expenditure and
obesity
The main determinants of total energy expenditure, and thus of energy requirement, are body size and
physical activity. Body size and body
composition determine maintenance
metabolism (BMR), which is the largest of the three components, making
up 50–70% of total energy expenditure. Body movement or physical
activity determines activity-induced
energy expenditure, the most variable component of total daily energy
expenditure. The third component,
diet-induced energy expenditure, is
generally assumed to be 10% of total
daily energy expenditure in subjects
who consume the average mixed diet
and are in energy balance [18].
Maintenance metabolism is determined mainly by fat-free body mass.
Overweight and obese subjects typically have a larger fat mass but also
a larger fat-free mass compared with
lean subjects [19]. Excess energy
during weight gain in adult subjects
is stored as fat mass and fat-free
mass in an energy ratio of 95:5 or in
a mass ratio of 75:25 [20]. The larger fat-free body mass in overweight
and obese subjects implies a higher
maintenance metabolism. Maintenance metabolism in morbidly obese
subjects is generally higher than total
daily energy expenditure in lean subjects, possibly limiting activity-induced
energy expenditure and resulting in a
lower PAL [21].
Activity-induced energy expenditure is determined by body movement
and body mass. In the same environment, body movement as measured
with an accelerometer is higher in
lean subjects than in overweight subjects. A study of adolescents attending
the same school showed similar
activity-induced energy expenditure for lean subjects and obese
subjects, whereas body movement
was lower in obese subjects than in
lean subjects (Fig. 5.2). Overweight

Fig. 5.1. Reported energy intake as measured with a 7-day food record (a) and measured energy expenditure as
measured simultaneously with the doubly labelled water method (b) in the same subjects, plotted as a function of
body weight for women (filled dots) and men (open dots), with the linear regression lines shown when there was a
significant relationship. (c) Intake misreporting, calculated as (reported energy intake – measured energy expenditure)/measured energy expenditure, is plotted as a function of body mass index. Data from Meijer et al. (1992) [7],
Westerterp et al. (1996) [8], and Goris et al. (2000) [9]. Republished with permission of John Wiley & Sons, Inc., from
Lovegrove JA, Hodson L, Sharma S, Lanham-New SA, editors (2015). Nutrition research methodologies. Permission conveyed through Copyright Clearance Center, Inc.
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Fig. 5.2. (a) The three components of total energy expenditure – basal metabolic rate (BMR), diet-induced energy expenditure (DEE), and activity-induced energy expenditure (AEE) – and (b) physical activity, measured with
an accelerometer and averaged hourly, as observed in lean and obese adolescents from the same school. BMR and DEE are higher in obese subjects
than in sex-matched lean subjects (P < 0.001), whereas AEE is similar in
lean and obese subjects, and physical activity is lower in obese subjects.
Data from Ekelund et al. (2002) [22].
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energy expenditure is compensated
for by a reduction in non-exercise activity thermogenesis, especially when
subjects are in a negative energy balance [29, 30].

In conclusion, adaptive responses
limit the effect of energy restriction and
exercise on energy balance in overweight and obese subjects. Therefore,
weight loss is lower than expected,

and very few people are successful
in maintaining weight loss to achieve
a healthier weight.

Key points
• Before data on reported intake are interpreted, misreporters should be identified.
• Overweight and obese subjects have a higher energy requirement than lean subjects, because of a higher
maintenance requirement.
• Obese subjects move less than normal-weight subjects, although activity-induced energy expenditure is
not necessarily lower.
• Adaptive responses limit the effect of energy restriction and exercise on energy balance in overweight
and obese subjects.
• Eating less is the most effective method for preventing weight gain.

Research needs
• Studies are needed on determinants of energy intake, to develop strategies for successful long-term weight
maintenance by limiting energy intake, in an environment where food availability stimulates the majority
of the population to overeat.
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