
CMAJ • MAR. 19, 2002; 166 (6) 767

© 2002  Canadian Medical Association or its licensors

Review

Synthèse

Dr. Birmingham is Professor
of Medicine, University of
British Columbia, Vancouver,
BC. Dr. Jones is Professor
of Dietetics and Nutrition,
McGill University, Montreal,
Que.

This article has been peer reviewed.

CMAJ 2002;166(6):767-70

Series editors: Dr. L. John Hoffer,
Lady Davis Institute for Medical
Research, Sir Mortimer B. Davis
Jewish General Hospital, Montreal,
Que., and Dr. Peter J. Jones,
Professor, School of Dietetics and
Human Nutrition, McGill
University, Montreal, Que.

This series is supported, in part,
by an unrestricted educational
grant from the Danone Institute
of Canada.

Case
An active, middle-aged salesperson in a large department store, who plays
tennis and walks to work, consults her primary care physician about her resis-
tant obesity. Although the patient was slender in her earlier years, over the
past decade her weight has gradually increased by 10 kg. Despite having
carefully followed a weight reduction diet, the patient’s weight has remained
constant over the past 2 months. The patient, who is an intelligent, motivated
person, produces several pages on which she has detailed the food she eats
every day. This clearly documents her close adherence to the weight reduc-
tion diet that she was prescribed. Why can’t she lose weight?

Physicians are frequently confronted with obese and overweight patients who
do not lose weight, despite insisting that they are following their prescribed
diets. Patients often maintain that they must have an abnormally low meta-

bolic rate. Physicians may investigate for hypothyroidism. However, the real reason
underlying this paradox is that the current methods for assessing energy intake are
flawed, and they underestimate actual energy intake. In this paper, we review new
methods for measuring the energy content of foods and address the problem of en-
ergy expenditure in obese people. We hope that by understanding these components
of obesity, physicians may be better able to manage their obese patients and to ad-
vise dietitians and nutritionists. This paper does not address the broader issue of the
clinical management of obesity, a topic covered in an upcoming paper in the series.

Obesity is defined as an excessive accumulation of body fat; individuals with a
body mass index (BMI) of over 30 kg/m2 are considered to be obese in most coun-
tries. Being obese is linked to other comorbidities, including heart disease, cancer,
type 2 diabetes mellitus, arthritis and sleep apnea.1,2 Canadians are not as over-
weight as their American neighbours but, as in the United States, the prevalence of
obesity has been steadily increasing over the past 30 years.3,4

How do people become obese? Obesity results from a situation in which the
amount of energy absorbed exceeds that expended, the difference ending up as
body fat. Undoubtedly, the causes of the current obesity epidemic are multiple.
Among them are shifting perceptions about what constitutes a “normal” portion
size, the increased availability of pre-prepared foods and the more sedentary “couch
potato” lifestyles of individuals within developed societies.5

Regardless of the reasons for the growing obesity problem in developed soci-
eties, a consistent metabolic underpinning is that weight gain is caused by an imbal-
ance between energy intake and expenditure. Any individual of any weight who is
maintaining that weight is by definition consuming just enough energy to balance
the kilojoules expended as energy. Thus, if a person claims to be dieting but is not
losing weight, then he or she is still eating too much. Overweight occurs when
there is continually greater energy intake than energy expenditure; weight loss oc-
curs in the opposite situation.

The level of energy expenditure itself is sensitive to a number of factors that vary
through the life cycle. Factors including growth rate, basal metabolism, physical activ-
ity, age, menopause and certain disease states can modulate energy expenditure sub-
stantially. It is important to recognize that, in some instances, weight may vary for rea-
sons not related to energy, including fluid loss and retention; however, in most cases, if
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the energy intake is not adjusted in line with shifts in energy
expenditure, then energy and weight imbalances follow suit.

A goal for nutritionists when assessing an overweight indi-
vidual is to determine an ideal weight loss diet for them. To do
this, nutritionists will want to recommend a diet containing
fewer kilojoules than the estimated expenditure. In doing so,
nutritionists will consult existing guidelines. Government and
other health agencies now publish guidelines that Canadians
can follow to select an optimum diet. But these guidelines may
be begging a fundamental question: How much food is too
much, and how much is enough? Guidelines for food intake in
Canada are provided by the Canada Food Guide,6 which con-
tains recommended energy intakes based on Health Canada
Recommended Nutrient Intakes (RNIs). Specific population
subgroups, such as elderly people, are provided with individual
recommendations as to what constitutes a prudent level of
food intake consistent with good health. Unfortunately, the
existing values contained in these guidelines are out of date.
The guidelines were not drawn up using modern methods for
measuring energy intake and thus they provide estimates of
energy requirement that are erroneously low. 

Four methods have been used by scientists to determine
energy expenditure, and thus requirement, for weight bal-
ance. The first is estimation of food intake as a proxy for
energy expenditure. The second approach has been to use
tables that predict basal metabolic rate, with the addition of
an estimate for additional kilojoules expended for physical
activity and for the normal digestion of foods. Third, mea-
sures of oxygen consumption have been used for subjects in
contained living environments, such as a calorimetry cham-

ber. Last, the doubly labelled water (DLW) method has
been used to measure integrative whole body energy ex-
penditure in free-living, normal life situations (see Appen-
dix 17-10 and Fig. 1 for methodological details).

The DLW method is now the criterion standard for the
assessment of energy expenditure. Several carefully controlled
studies using DLW show that energy expenditure levels actu-
ally exceed the values obtained using self-reported intakes.
These studies show that the degree of underreporting of self-
reported intakes ranges from 10% to 25%. The energy intake
obtained from food intake records is lower than measured en-
ergy expenditure. Interestingly, the underestimate is propor-
tional to BMI. In other words, overweight individuals report
how much food they eat with less accuracy than individuals of
average weight or individuals who are underweight.9,11–19

Underestimation of reported food intake has also been
suggested by approaches other than DLW. In one study,
free-living volunteers were trained to record their food in-
take, then they were fed fixed diets of conventional foods of
known energy content that were provided at levels to keep
their body weight constant for at least 45 days. The volun-
teers’ reported measures of food intake were compared with
the actual amount needed to maintain their weight. The re-
sults showed that the volunteers had been underreporting
their energy intake by about 18%.20 The results of such stud-
ies emphasize that underreporting of energy consumed oc-
curs commonly, if not invariably, when dietary intake assess-
ment instruments are used. We therefore need to use extreme
caution in relying on results from these approaches when ex-
trapolating estimates of energy requirement from these indi-
cators. Indeed, Canadian RNI values have been found to be
low for both middle-aged and older subgroups of Canadians.
The extent of this underestimate ranges from 15% to 30%
depending on the age group.21,22 In the United States, it is
also highly likely that existing energy requirements set as
Recommended Dietary Allowances (RDAs) substantially un-
derestimate true levels of need.23 Furthermore, it is obvious
when contrasting RNI with RDA values that the RDA rec-
ommends a higher energy requirement for older women. In
general, whereas levels of requirement in North America for
middle-aged women are set at about 2000–2100 kcal/day
(8400–8800 kJ/day), actual levels of need are in the range of
2300–2400 kcal/day (9600–10 000 kJ/day).11,12,24 The extent of
this discrepancy is similar to the difference between reported
levels of food intake and those actually measured using
DLW. Thus, it is evident that the methods that are currently
used to determine energy expenditure should be adjusted up-
ward and that physicians and nutritionists, faced with a pa-
tient who is not losing weight on a diet that contains fewer
kilojoules than estimated energy expenditure, can confidently
assume that the patient is underestimating food intake.

Thus, there are biases in the current methods of estima-
tion of both energy intake and energy expenditure. These
biases can create a paradox for both patients and physicians
who are confronting obesity that is resistant to diet (Fig. 2).

It is clear that Canadian guidelines for recommending
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Fig. 1: Doubly labelled water method: on day 0, human sub-
jects drink water that is labelled with the stable oxygen iso-
tope 18O (red line) and the stable hydrogen isotope deuterium
(D) (green line). Most of the oxygen is converted metaboli-
cally to carbon dioxide and eliminated through the lungs. The
remaining oxygen is eliminated as water, the amount of which
is estimated using the labelled hydrogen. The exact rate of
oxygen loss that can be assigned to carbon dioxide production
(the metabolic rate) is calculated as the oxygen elimination
rate minus the hydrogen elimination rate, with correction for
the pool size of each isotope (see Appendix 1 for details).
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energy intake are inaccurate. How can we improve these
guidelines and how do we provide recommendations to nu-
trition professionals and primary care physicians? To pro-
vide a better estimate of energy needs, the RNIs should be
revised using DLW methodology specific to various popu-
lations including subgroups such as young athletes and indi-
viduals with type 2 diabetes mellitus. In the interim, energy
intake should be individualized based on observation, using
longitudinal measurements of outcomes such as BMI, blood
lipids and waist circumference. Weight loss should serve as
the most reliable marker of energy imbalance; if the patient
is not losing weight on a prescribed dietary regimen, the
health professional must mandate further reductions in food
intake, or increases in energy expended in activity.

Treatment for the patient

Given our new understanding of the pitfalls of measuring
energy balance, it is no longer surprising that the patient has
maintained her body weight. Indeed, the fact that she has
maintained her body weight is proof that her energy intake
has kept pace with her output. If her physician was to esti-
mate her energy expenditure by measuring her resting en-

ergy expenditure and then adding an activity factor, or by
measuring her total energy expenditure using DLW, she or
he could even tell the patient how much she really is eating.
But this situation is not the patient’s fault! The bottom line
seems to be that when patients follow prescribed diets, it
can generally be assumed that their true intake is substan-
tially greater than that prescribed, and is not accurately cap-
tured by food intake assessment instruments. The reason
why food intake assessments are so unreliable is unresolved,
and a matter of considerable interest. In the present case, if
the physician refers the patient to her local nutritionist, will
that individual know about the problems with reported food
intake instruments and interpret the patient’s diet records
accordingly? Perhaps the patient should be advised to see
the nutritionist once because of the problem with intake re-
porting, however, the key end point will be weight loss and
not the supposed level of compliance with any prescribed
diet. Thus, the extent of weight loss together with perhaps
other risk markers, such as lipid levels and glucose toler-
ance, become the primary end points for assessment of the
efficacy of the dieting strategy. Whatever the explanation,
there can be no doubt, based on our current understanding,
that obese people underestimate their energy intake.
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Fig. 2: Food intake paradoxes. In the case history, an individual who is apparently adhering to a weight reduction diet fails to lose
weight. Why is this? As can be seen in the upper diagram, doubly labelled water (DLW) experiments have demonstrated that peo-
ple consistently underreport their food intake. Energy expenditure estimates, and thus Recommended Nutrient Intakes (RNIs), are
based on these flawed values. If the patient in the case history is not losing weight, then her food intake is equal to or greater
than her energy expenditure. Her situation is represented schematically in the lower diagram. BMI = body mass index.
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Appendix 1: Principles of the doubly labelled water method for the measurement of human energy expenditure

The doubly labelled water (DLW) method is used to measure
human energy expenditure by exploiting the fixed relation
between the amount of respiratory gases oxygen and carbon
dioxide we exchange and the number of kilojoules we
consume.7-10 Specifically, the method is used to track the
average amount of carbon dioxide the body produces over a
time period such as 2 weeks. The subject consumes water in
which the oxygen is labelled with the stable isotope 18O. The
elimination rate of oxygen (red line in Fig. 1) is then
established by measuring the change in enrichment of the 18O
in the body water pool during the test period. Oxygen is
mainly expelled from the body in the form of carbon dioxide,
so the elimination rate of oxygen, tracked using 18O, could
serve as a direct index of carbon dioxide elimination.
However, this is not quite the case, because oxygen is also
lost from the body in the form of water, namely, urine and
sensible and insensible water losses. Therefore, a correction

has to be made to establish what proportion of the loss of
oxygen is attributable to body water loss. This is done by
labelling the water drunk by the test subject with the
hydrogen isotope deuterium (D) (green line in Fig. 1), which
is used to track the loss of hydrogen from the body, which is
representative of body water loss. Hence the term doubly
labelled water, because both tags are applied and measured
simultaneously. The exact rate of oxygen loss that can be
assigned to carbon dioxide production from the body can
now be calculated as the oxygen elimination rate minus the
hydrogen elimination rate, multiplied by the pool size of each
isotope, the latter established from the derived distribution
space of each isotope. Once the amount of carbon dioxide
production is known, then energy expenditure can be
calculated by knowing or estimating the respiratory or food
quotient.
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