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Extraordinary advances in the understanding of the links between nutrition, metabolism, 
and cardiovascular disease have prompted a systematic reappraisal of knowledge in 
the field. As a result, it is now imperative that clinicians who care for patients with CVD 
or its key risk factors have a solid understanding of the often complex interrelationships 
between cardiovascular health and chronic diseases such as diabetes and obesity.

Written by a team of international thought leaders in cardiology, endocrinology, 
diabetology and nutritional science, this important new book:

Examines and updates the role of obesity, hyperlipidemia, diabetes, hypertension, •	
thrombosis, and aging in atherogenesis
Describes in detail the scientific and clinical evidence of the etiopathogenesis of •	
ischemic heart disease as well as of peripheral and cerebrovascular disease
Focuses on the 6 topics that will be of greatest interest to readers: 1) general nutrition, •	
2) metabolic syndrome and diabetes, 3) hyperlipidemia  and atherosclerosis, 4) 
hypertension and cerebrovascular disease, 5) hemostasis and thrombosis, 6) aging 

Throughout the book, in clear and accessible text, contributors illuminate the close 
relationship between dietary habits, the metabolic processes of nutrients, and
their impact on the cardiovascular system, always with an eye on how the physician  
can use this information to implement better cardiovascular prevention and improve  
patient care. Nutritional and Metabolic Bases of Cardiovascular Disease is ideal for those 
who need to update their knowledge of the links between nutrition, metabolism and 
CVD, from trainees, clinicians and clinical investigators in cardiovascular medicine to 
endocrinologists, diabetologists, and nutritionists.

The Editors thank Professor Alessandro Menotti, Cardioricerche, Rome, Italy, for helping in 
the preparation of the cover picture of this book
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Foreword

Examination of trends in cardiovascular disease
indicates that this is in many ways the best of times,
while the worst of times may loom in the future.
Fifty years after William Kannel first introduced
the term “risk factor,” enormous strides have been
made in controlling the epidemic of cardiovascular
disease in industrialized countries by preventive
measures and increasingly successful treatments
focused on the cardinal risk factors of dyslipi-
demia, hypertension and smoking and on their
atherosclerotic sequelae. Age-adjusted death rates
for some major cardiovascular events have been
reduced by more than 50% and the relative focus of
research efforts is shifting toward cancer and other
conditions.

While there is cause for celebration, there is an
even greater need at present to recognize the storm
clouds on the horizon. The world-wide epidemics
of obesity and diabetes are laying the groundwork
for a new “rising tide” of cardiovascular disease
stimulated by mechanistic pathways that are at
present only incompletely understood, and in gen-
eral poorly managed by either preventive or thera-
peutic strategies. To meet this challenge, there is a
pressing need for those interested in cardiovascu-
lar disease to learn what is known and to identify
the many gaping gaps in knowledge about the new
driving forces of the future cardiovascular disease
epidemic.

In this context, the present textbook entitled
Nutritional and Metabolic Bases of Cardiovascular
Disease makes a timely and extremely important
contribution by bringing together in one source
a comprehensive examination of the factors driv-
ing the emerging second epidemic of cardiovas-
cular disease. The Editors, led by Professor Mario
Mancini, have drawn together an international ar-
ray of experts who provide up-to-date profiles of the
state of the knowledge about a wide array of topics.
The vast range of topics related to nutritional and
metabolic aspects of cardiovascular disease are ad-
dressed with sensible grouping of chapters that con-
sider Nutritional Habits and Obesity; the Metabolic
Syndrome and Diabetes; Hypercholesterolemia and
Early Atherosclerosis; Nutrition, Hypertension and
Cerebrovascular Disease; Hemostasis and Throm-
bosis; and Nutrition, Metabolism and the Aging
Process. The comprehensive nature of Nutritional
and Metabolic Bases of Cardiovascular Disease and
its thoughtful arrangement make it an outstanding
source for readers who need up-to-date informa-
tion on a focused topic, those who seek a multi-
faceted view of one or more of the above topic
areas, and for others who want to be comprehen-
sively informed about the basis of the coming wave
of metabolically-driven cardiovascular disease.

Richard B. Devereux, M.D.

xvii
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Preface

At the dawn of the third millennium, cardiovascular
disease still represents the main cause of disability
and death.

This condition is mostly mediated by atheroscle-
rosis and the ensuing atherothrombosis that leads
to ischemic heart, cerebral, and peripheral vas-
cular disease. Our current understanding of the
etiopathogenesis of atherosclerosis and the related
coronary and extracoronary ischemic complica-
tions has greatly progressed, allowing us to make
a strong and determined commitment to primary
and secondary prevention.

Malnutrition due to excess saturated fat intake
is undoubtedly the primary risk factor, as very
keenly perceived and highlighted by Ancel Keys in
Naples back in the 1950s. Here, he had the insight
that the Mediterranean Diet played a protective
role toward coronary heart disease. In fact, this was
quite a rare condition in southern Italy in those
days contrarily to the United States and northern
European countries such as the Netherlands or
Finland, where the habitual consumption of satu-
rated fat was remarkably higher than in southern
Italy. A family predisposition to cardiovascular
diseases does indeed exist and is generally mediated
by hyperlipidemia, high blood pressure, and
thrombophilia; however, even in cases of clear
family history, dietary habits contribute to improve
or worsen the underlying metabolic conditions
that are eventually responsible for the injury to

the heart or vessels. The growing prevalence of
obesity and diabetes, along with the increase in
the elderly population, has further contributed to
the current high trend in cardiovascular diseases
worldwide.

Scientific research has made giant steps in
understating the interaction between nutrition,
metabolism, and molecular genetics in relation to
the causes of cardiovascular diseases; we therefore
felt that the most significant evidence produced
in recent years deserved to be put together in a
monograph. These data have been subdivided
into six separate sections, spacing from nutrition
to obesity (section 1), the metabolic syndrome
to diabetes (section 2), hypercholesterolemia to
atherogenesis (section 3), high blood pressure
to cardio-cerebrovascular diseases (section 4),
hemostasis to atherothrombosis (section 5), and
diet to aging processes (section 6).

There is clearly a common thread in all the sec-
tions: the close relationship between type of dietary
habits, metabolic processes of the nutrients, and
the possibly severe pathogenic consequences on the
cardiovascular system.

We are grateful to all of the authors who
participated in this initiative with their scientific
contributions, and to Wiley-Blackwell who wel-
comed our proposal to publish this book, which
we dedicate to the memory of Ancel Keys, with
gratitude from all his scholars.

xviii
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1 CHAPTER 1

Basics of Energy Balance
Luca Scalfi, Fabrizio Pasanisi, & Franco Contaldo
Federico II University, Naples, Italy

Introduction

The aim of this chapter is to concisely discuss the
basic concepts related to the utilization of energy
in the human body. In addition, background in-
formation is provided about the practical use of
these concepts. These issues are considered in more
detail in chapters of books and other major pub-
lications on human nutrition to whom the reader
may refer for further explanations [1–9]. Other ref-
erences are indicated in the text only for more spe-
cific points. The human being needs energy to sus-
tain life and maintain the structural and functional
integrity of the body. The energy is used by cells
to perform chemical work (synthesis and degra-
dation of molecules), mechanical work (muscular
contraction), and electrical work (maintenance of
ionic gradients across membranes), and eventually
lost in the form of heat or external work or is stored
(mostly in the adipose tissue as triacylglycerols) if
energy balance is positive.

The first law of thermodynamics states that en-
ergy cannot be created or destroyed, but only
transformed. Human body attains energy from
foods where it is stored in the chemical bonds of
macronutrients (carbohydrates, fats, and proteins)
and alcohol. Through biochemical transformation
the energy of nutrients is made available to the
body mostly as adenosine triphosphate (ATP), but
this conversion into high-energy biochemical com-
pounds is an inefficient process, with 50% of the
original energy lost as heat. Furthermore, since a
certain percentage of ATP is needed for the trans-

port, storage, and recycling of macronutrients, ac-
tual ATP yields correspond to 90%, 75%, and 55%
of those expected on the basis of pure oxidation
of fats, carbohydrates, and proteins, respectively.
In other words, the synthesis of one mole of ATP
that can be used by the body requires about 20 kcal
for fats, 24 kcal for carbohydrates, and 33 kcal for
proteins.

Since all the energy used by the body is ultimately
lost as heat (including that related to external work),
energy is usually expressed using the calorie, which
is defined as the amount of heat energy needed to
raise the temperature of 1 ml of water at 15 ◦C by
1 ◦C. Actually, according to the SI system, the unit
for energy is the joule (J), which measures energy in
terms of the mechanical work required to accelerate
a mass of 1 kg with a force of 1 newton through 1 m
along the direction of the force. Because calorie and
joule are small units, considering energy balance,
for practical reasons, kilocalorie (kcal = 1,000 cal),
kilojoule (kJ = 1,000 J), and sometimes megajoule
(MJ = 1,000,000 J) are commonly used in human
nutrition. The equivalence is indicated as 1 kcal =
4.184 kJ (in some texts, 4.186) with the inverse ratio
of 0.239.

Food Energy

The gross energy of food is the energy contained
in the chemical bonds of macronutrients (carbo-
hydrates, fats, and proteins) and alcohol and can
be determined using a bomb calorimeter, which is
an instrument that measures heat production due
to complete oxidation of organic molecules. The
gross energy of food (in kcal/g: 4.10 for carbohy-
drates, 9.45 for fats, 5.65 for proteins, and 7.10 for

Nutritional and Metabolic Bases of Cardiovascular Disease, 1st edition.

Edited by Mario Mancini, José M. Ordovas, Gabriele Riccardi,

Paolo Rubba and Pasquale Strazzullo. c© 2011 Blackwell Publishing Ltd.
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4 SECTION I Nutrition and Obesity

alcohol) is not entirely available to the body. First,
some energy is lost in feces because of incom-
plete absorption of macronutrients from the di-
gestive tract; the energy available after ingestion of
food is termed digestible energy. The absorption
rate of macronutrients is usually considered very
high–97% for carbohydrates, 95% for fats, and 92%
for proteins–but it could be much lower for high-
fiber diets, especially with respect to protein di-
gestibility. Once in the body, carbohydrates and fats
are completely oxidized to water and carbon diox-
ide, but this is not the case for proteins. Nitrogen is
not oxidized to nitrogen oxides, which are toxic, but
to urea, which is much less toxic, and this molecule
still contains a quarter of the chemical energy
of original proteins. Small amounts of other, not
completely oxidized nitrogenous molecules such as
amino acids, 3-methyl-hystidine, and creatinine are
also lost in the urine. The energy made available to
the body after taking into account losses in feces
and urine is termed metabolizable energy; the cor-
responding energy values (kcal/g) are the ones com-
monly used in human nutrition: 3.75 for monosac-
charides, 3.94 for disaccharides, 4.13 for starch, 9.00
for fats (triglycerides composed of long-chain fatty
acids), 4.00 for proteins, and 7.00 for alcohol. A fig-
ure of about 1.5 kcal/g has also been proposed for
dietary fiber, as it can be metabolized (fermented)
in the large bowel by bacteria to short-chain fatty
acids, which can be subsequently absorbed and uti-
lized in the body.

Components of Total Energy
Expenditure

Total energy expenditure (TEE), usually expressed
as 24-hour energy expenditure, comprises three
main components (basal metabolic rate, thermic
effect of food, and energy expenditure due to phys-
ical activity), plus a number of additional compo-
nents that may be relevant in specific circumstances
(Table 1.1).

Basal Metabolic Rate
Basal metabolic rate (BMR) is by far the most im-
portant component of TEE in a very large percent-
age (60%–75%) of individuals, and more markedly
in sedentary people. BMR corresponds to the en-

Table 1.1 Components of energy expenditure.

Basal metabolic rate (BMR)

Thermic effect of food (TEF)

Energy expenditure due to physical activity (EEPA)

Exercise activity thermogenesis (EAT)

Nonexercise activity thermogenesis (NEAT), including

fidgeting

Other thermogenic stimuli

Psychological thermogenesis

Cold-induced thermogenesis

Drug-induced thermogenesis

The term diet-Induced thermogenesis indicates the varia-

tions in BMR and TEF due to true metabolic adaptation to

chronic underfeeding or overfeeding.

ergy needed in basal conditions to sustain the
metabolic activities of cells and tissues and to main-
tain vital functions (e.g., circulatory, respiratory,
gastrointestinal and renal processes, and body tem-
perature) when the subject is awake and alert; sleep-
ing metabolic rate is 5%–10% lower than BMR.

BMR is determined in standard conditions avoid-
ing any effect of food or physical activity, with
the subject lying at physical and mental rest in
a comfortably warm environment (thermoneutral
environment) and in the post-absorptive state. In
practice, according to a realistic protocol, BMR is
measured in the first part of the morning after the
subject has been in the supine position for 30 min-
utes, at least 12 hours after eating food or taking any
stimulants such as coffee or smoking. Heavy phys-
ical activity should also be avoided during the day
prior to the test. Resting metabolic rate (RMR) is
the term used when the conditions for the measure-
ment of BMR are substantially but not completely
met (e.g., because of a shorter fasting period and
heavy physical exercise the day before). RMR is,
therefore, expected to be slightly higher than BMR.
BMR and RMR are usually expressed in kcal/min or,
if extrapolated to 24 hours to be more meaningful,
in kcal/day. In the latter case, the terms basal energy
expenditure (BEE) and resting energy expenditure
(REE) are usually (and more appropriately) used.

A number of factors cause the BMR to vary
among individuals. By far, body size (i.e., body
weight) is the most important one. Heavier peo-
ple have higher metabolic rates than lighter ones.
As metabolic processes that require energy occur
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CHAPTER 1 Basics of Energy Balance 5

almost exclusively within the cytosol and mito-
chondria, BMR is strictly related to fat-free mass
(i.e., body weight minus body lipids) and body cell
mass. Brain, liver, kidney, and heart, which together
represent 5%–6% of body weight, are the most
metabolically active organs, accounting for more
than 50% of BMR. For the same amount of tissue,
their metabolic rate is much higher than that
of skeletal muscles. Indeed, skeletal muscles con-
tribute 20%–30% of BMR in adults because of its
large mass, while adipose tissue (at least in people
of average weigh) contributes to a small extent, as
its metabolic rate per unit of weight is low. As far
as metabolic processes are concerned, protein syn-
thesis, Na-K ATPase pump, and gluconeogenesis
account for a substantial proportion of energy uti-
lization in basal conditions. Furthermore, BMR is
subject to the control of the central nervous system
and the sympathetic nervous system and is related
to hormonal status (i.e., thyroid hormones and
insulin).

In addition, for the same weight and height, BMR
is higher in males than in females even after adjust-
ing for body composition and, in women, is higher
in the luteal compared to the follicular phase. Fur-
thermore, BMR significantly declines with age in
both genders. This trend is not entirely explained
by the changes in body composition observed in
older people; it may also be ascribed to a num-
ber of hormonal and metabolic changes related to
senescence.

Thermic Effect of Food
The thermic effect of food (TEF) is the increase in
energy expenditure occurring after the ingestion of
energetic molecules (carbohydrates, fats, proteins,
and alcohol) and is mostly associated with their
digestion, absorption, and storage. An increase in
energy expenditure can usually be observed from 4
to 6 hours after a mixed meal. Postprandial ther-
mogenesis, specific dynamic action, thermic effect
of feeding, and heat increment of feeding are other
terms used to describe the same phenomenon.

TEF is influenced by the quantity and the type
of macronutrients ingested. The thermogenic re-
sponse is 5%–10% of ingested energy for carbohy-
drates, less than 5% for lipids, and 20%–30% for
proteins, accounting on average for approximately
10%–15% of total energy intake (and TEE, if energy

balance is neutral). The high TEF for proteins is due
not only to the more complex processes of digestion
and absorption but also to substantial postprandial
changes in amino acid metabolism, leading to an
overall increase of protein turnover.

A number of other factors have been indicated
to affect TEF, for instance, overfeeding and un-
derfeeding or physical exercise on the days prior
to the test. Several studies have also shown varia-
tions due to age, genetic factors, weight changes,
and physical fitness. Although these studies are rel-
evant to metabolic and physiological knowledge,
from a practical perspective, it is unlikely that in
healthy individuals, and in the long term, differ-
ences in TEF may significantly influence TEE and
energy balance.

Physical Activity
The third main component of TEE is the energy
expenditure due to physical activity (EEPA), which
is the energy expenditure for physical activities of
all kinds. It is important to stress that physical ac-
tivity does not always match the strict definition of
muscular work, which implies external work per-
formed on the environment. In fact, an increase
in energy expenditure can also occur without any
work in the case of just tensed and stretched mus-
cles (e.g., isometric thermogenesis for standing up
and dynamic thermogenesis for climbing down a
ladder, respectively).

Energy expenditure due to physical activity can
be further split into two components: Exercise activ-
ity thermogenesis (EAT) is the energy used during
sport or fitness exercises, while non-exercise activity
thermogenesis (NEAT) is due to occupational activ-
ities, leisure activities, and any other activity related
to everyday life. In particular, NEAT also comprises
fidgeting (spontaneous physical activity), which is
a condition of restlessness, as manifested by con-
tinuous movements particularly of body segments.
Finally, excess post-exercise oxygen consumption
(EPOC) is an additional small increase in energy
expenditure even after exercise has ceased, which is
related to exercise intensity and duration.

EEPA, which widely varies among individuals as
well as from day to day, depends on the type and
intensity of a certain physical activity and on the
combination of different physical activities over the
day. It may also be influenced by the individual
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habits of motion, as well as the speed and dexterity
with which an activity is performed. The energy cost
of each physical activity is commonly expressed as
a multiple of BMR, and the term correspondingly
used by the World Health Organization (WHO) [1]
is physical activity ratio (PAR). The term metabolic
equivalents (METs) is often used in the same way but
is somewhat different. As a matter of fact, METs are
multiples of resting oxygen consumption and the
latter is not measured but calculated using a fixed
rate of oxygen consumption (in adults, 3.5 mL/kg
of body weight per minute). This means roughly 1.0
kcal/kg of body weight per hour, or 1.2 kcal/min in
a man weighing 70 kg and 1.0 kcal/min in a woman
weighing 60 kg. Comprehensive tables on the en-
ergy cost of different activities are easily available
[1,2]. In general, PAR (or METs) ranges from 1 to 5
(e.g., 1.4 for standing, 3.3–4.5 for walking) but can
reach much higher values (>8) for jogging, running,
and selected occupational activities.

The overall level of physical activity can be de-
fined by computing the ratio of TEE to BEE, termed
physical activity level (PAL), or sometimes phys-
ical activity index (PAI). PAL can be used to de-
scribe physical activity habits, or to express how
sedentary is the lifestyle of individuals. The Insti-
tute of Medicine [2] identified four categories in
adults: sedentary, low active, active, and very ac-
tive with respective PAL ranges of 1.0–1.3, 1.3–1.6,
1.6–1.9, and >1.9. The WHO proposed alternative
classification criteria [1]: sedentary or light activ-
ity lifestyle for PAL = 1.40–1.69, active or moder-
ately active lifestyle for PAL = 1.70–1.99, and vig-
orous or vigorously active lifestyle for PAL >2.00.
For instance, performing one hour of moderate
to vigorous activity every day (brisk walking to
jogging/running, aerobic dancing, cycling, etc.) is
sufficient to maintain an active lifestyle. Indeed,
PALs of >2.00 are uncommon in industrialized
countries.

Other Components of TEE
In addition to the three components already re-
ferred to, other minor thermogenic stimuli may be
mentioned: psychological thermogenesis, as anxi-
ety and stress increase BMR; cold-induced thermo-
genesis, due to exposure to low temperature; and
drug-induced thermogenesis, for instance, related
to the consumption of caffeine, nicotine, or alco-

hol. The actual impact of these factors on TEE is
questionable and cannot easily be evaluated in the
single individual.

In terms of energy balance, additional energy
needs should be considered in specific circum-
stances, such as growth, pregnancy, and lactation.
Briefly, the energy cost of growth is very high in the
first three months of life but declines rapidly to 5%
of energy intake in the second year of life, and then
to 1%–2% until puberty, including both the cost to
synthesize new tissues and the energy deposited in
those tissues. The overall energy cost of pregnancy is
on average approximately 75,000 kcal, being higher
in the second and third trimesters, while during the
first six months postpartum, on average an addi-
tional 675 kcal/day are needed for milk production
if infants are exclusively breastfed.

Variability of TEE

To a very large extent, TEE varies even in people
living in developed countries, where technology,
which promotes a sedentary lifestyle, is commonly
and widely used. All the factors that affect BEE (e.g.,
body weight and composition, age, and gender) also
influence TEE, whereas TEF represents a quite con-
stant and limited component. Large differences in
TEE between subjects of the same gender, age, and
weight (even >2,000 kcal/day) are accounted for
mostly by variance in EEPA. In particular, differ-
ences in NEAT may be of great importance since
most adults are not regularly involved in sporting-
like activities (EAT). The between-subject differ-
ences in NEAT may be related to environmental
and biological factors affecting both occupational
and leisure-time activities, with fidgeting still very
difficult to assess. It should be noted that extremely
high values of TEE can be observed both in indi-
viduals with high levels of physical activity and in
severely obese individuals (see below).

Energy Requirements
Energy requirement is defined by the Food and
Agriculture Organization of the United Nations
(FAO)/WHO/United Nations University (UNU)
Consultation [1] as the amount of food energy
needed to balance energy expenditure in order to
maintain body size, body composition, and a level



P1: SFK/UKS P2: SFK Color: 1C

c01 BLBK318-Mancini November 8, 2010 6:51 Trim: 10in X 7in Printer Name: Yet to Come

CHAPTER 1 Basics of Energy Balance 7

of necessary and desirable physical activity consis-
tent with long-term well-being and good health.
This also includes the energy needed for growth
(children and adolescents), deposition of tissues
during pregnancy, and production of milk during
lactation. According to this definition, energy re-
quirement does not automatically correspond to
TEE in a given individual, for instance, in under-
weight or obese or very sedentary people.

From a practical perspective, in order to avoid
a negative outcome associated with underfeeding
or overfeeding, it is crucial to assess TEE before
commencing nutritional support in the single indi-
vidual [9]. In this case, TEE could not correspond to
energy requirement as above defined, for instance,
in underweight or obese people (lower and higher
than the desirable one, respectively).

Two different basic approaches may be used for
the assessment of TEE [1,2,10], with an accuracy
that is indeed still not completely known, espe-
cially in the single individual. In the first approach
(simplified factorial method), BEE and PAL are
considered [1,10]. BEE is measured by indirect
calorimetry or estimated using predictive formulas
including, in different combinations, easily mea-
surable variables such as gender, age, weight, and
height. As far as adult individuals are concerned,
the most widely used among such formulas are still
those published in 1919 by Harris and Benedict
[11]. The equations proposed by Schofield et al. in
1985 [12] are frequently cited as well; they were de-
rived for each gender and for different age ranges
on the basis of a large number of data collected in
several countries.

Once BEE is measured or estimated, PAL can be
approximated by asking the subject to keep an activ-
ity diary or by using an appropriate questionnaire,
and TEE is accordingly estimated by multiplying
BEE by PAL. In the case of an activity diary, EEPA
could also be calculated in absolute value (kcal/day)
from recorded activities and their duration and then
added to BEE.

The second approach for the assessment of TEE
has been recently recommended by the Institute of
Medicine as part of the Dietary Reference Intakes
project [2]. In this case, BEE is neither measured nor
estimated. Instead, as shown in Table 1.2, gender-
specific equations for TEE are proposed, requiring
four predictive variables: age, height, weight, and

level of physical activity. The latter is expressed as
a coefficient depending on the lifestyle category:
sedentary, low active, active, and very active (see
Table 1.2).

Energy Balance
The difference between the energy made available
to the body (metabolizable energy) and TEE defines
the energy balance. The traditional (static) energy
balance equation is commonly expressed as

Changes in energy stored in the body

= metabolizable energy intake − total

energy expenditure

Neutral energy balance (or energy balance) is when
the two factors are equivalent, with no changes in
body energy stores. Because with common dietary
habits, as observed in industrialized countries, there
is little or no conversion of either proteins or car-
bohydrates to fatty acids, achieving neutral energy
balance also means achieving neutral balance of
each macronutrient.

Positive energy balance occurs when energy ex-
penditure is low or energy intake is high, or with
a combination of these two factors. The opposite
is true for a negative energy balance. Short-term
energy imbalance (over hours or days) is handled
by the body through rapid changes in carbohydrate
balance and glycogen stores, whereas over a pro-
longed period, there are changes in fat mass and
fat-free mass. The amount of fat mass gained or lost
depends on a number of factors, such as the extent
of energy imbalance and the initial BMI. However,
in normal conditions, fat-free mass and fat mass
both increase during weight gain and decrease after
weight loss.

The term adaptation describes the normal phys-
iological responses of humans to different envi-
ronmental conditions to preserve body functions
and well-being as much as possible. Specifically,
the maintenance of energy balance in spite of some
alteration of the steady state may involve behav-
ioral changes, variations in body composition, and
true metabolic adaptation. For instance, changes of
body weight per se are expected to modify differ-
ent components of TEE in a direction that tends
to oppose the original imbalance. Weight gain is
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Table 1.2 Equations to estimate total energy expenditure (TEE) in adults as proposed

by the Institute of Medicine.

associated with an increase in fat-free mass as well
as metabolically active tissues, leading to an increase
in both BEE and the absolute energy cost of phys-
ical activity. On the other hand, true metabolic
adaptation occurs when there are biochemical
changes in cellular energy metabolism that cannot
be related to other factors. In this regard, the term
diet-induced thermogenesis has often been used
to describe possible variations in BMR and TEF
that are due to true adaptation to underfeeding or
overfeeding.

A convincing, consistent example regarding
adaptation and energy expenditure is offered by un-

derfed adult subjects. It is a universal observation
[13,14] that all the components of TEE are affected
by chronic energy deficiency. The decrease in TEF is
due to the reduced food intake and possibly to some
true metabolic adaptation. BEE and EEPA decline
because of the reduction in body mass, but EEPA
declines also because of possible changes in spon-
taneous physical activity (unconscious economy of
activity). Finally, and more interestingly, there is a
decrease in BEE that is greater than it would be ex-
pected from the loss of body mass and fat-free mass
[13,14]. This is a major factor in the protection
against further weight loss, likely to be due to both

      Table not available in this electronic edition.
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a reduction in cellular energy needs and changes in
hormonal status (e.g., thyroid hormones) or in the
activity of the sympathetic nervous system (leading
to a true metabolic adaptation).

Much more difficult is to discuss the issue of
adaptation during positive energy balance.

Since dietary energy excess may vary significantly
from day to day, results obtained in experimental
overfeeding studies can difficult to extrapolate to
everyday life, for instance, because of peculiar char-
acteristics of protocols such as very consistent daily
energy surplus. Indeed, during short-term over-
feeding, the increase in energy expenditure appears
fairly small and possibly related to the type of nutri-
ent, possibly greater for carbohydrates than fats [6].

Overall, adaptive variations in energy expendi-
ture to contrast changes in body weight are more
apparent and effective in chronic energy deficiency
than chronic overfeeding, suggesting a clear pri-
ority in preventing the consequences of weight loss
rather than those of excess body fat. This is in agree-
ment with the observation that food shortages were
more common than food abundance during early
human evolution and more likely to be fatal in the
short term.

Energy Expenditure and Obesity

Obesity is a heterogeneous disorder in which en-
vironmental, individual, and biological factors in-
teract to influence both energy intake and energy
expenditure. Long-term energy balance appears to
be quite efficiently regulated in humans, with a
number of sensitive mechanisms that act to oppose
weight changes. In most average-weight people liv-
ing in industrialized countries, body weight tends
to remain quite constant despite that metabolizable
energy made available to the body ranges between
600,000 and 1,000,000 kcal/yr. On the other hand,
considering that even an energy surplus of only 80
kcal/day (3%–5% of total daily energy intake) is
expected to cause a 4.5-kg increase in body weight
over 12 months, it has been extensively discussed
over the past decades whether alterations, even mi-
nor, in energy expenditure may play a role in the
pathogenesis of overweight and obesity. In other
words, are there abnormalities in TEE and any of
its components that, at least in part, cause weight
gain and lead to excess body fat?

Experimental Studies
Experimental studies in humans focus on differ-
ent conditions: individuals before weight gain, al-
ready obese, or after weight loss. Few longitudinal
data have indicated that low energy expenditure is
a risk factor for weight gain in some groups of sub-
jects who may be prone to obesity, such as adult
Pima Indians and infants of overweight mothers,
but there is no evidence of increased risk in the gen-
eral population or unselected cohorts [15]. How-
ever, in pre-obese as well as post-obese subjects
(i.e., subjects with a clinical predisposition to gain
excess body fat), a trend toward more efficient en-
ergy storage and/or higher food intake associated
with sedentarism has been suggested. In pre-obese
as well as post-obese subjects, some studies have
also suggested that low levels of NEAT and spon-
taneous physical activity represent a risk factor for
weight gain, but data are still preliminary [15,16].
Taken together, these studies support a variable role
of biological factors in the pathogenesis of human
obesity. In fact, a positive association has been de-
scribed between some genotypes and phenotypes
typical of individuals predisposed to obesity. Nev-
ertheless, nongenetic biological factors such as in-
trauterine factors, birth weight, and breastfeeding
may facilitate the onset of obesity later in life.

Considering an achieved condition of excess
body fat, it is widely accepted that BEE is in-
creased in overweight and obese individuals. This
is not surprising because not only do they have a
greater fat-free mass, but in very obese people, fat
mass also significantly contributes to energy ex-
penditure, although the metabolic rate per unit
of weight is low. The equations proposed by the
Institute of Medicine [2] indicate an increase in
BEE of 10.1 and 8.6 kcal/day for each kilogram
of body weight gained in overweight/obese male
and female individuals, respectively. Interestingly,
after adjustment for body composition, there are
no differences in BEE between overweight/obese
individuals and their lean counterparts [15]. Over-
weight people also have a higher EEPA in absolute
terms because they spend a larger amount of en-
ergy to move a greater mass, especially in weight-
bearing activities. If PAL is taken into consideration,
there is evidence that overweight subjects do not
exhibit more sedentary lifestyles, possibly because
of the low mean PAL observed in average-weight
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individuals living in industrialized countries [15].
On the other hand, it should be noted that excess
body fat is frequently a physically incapacitating
factor in morbidly obese patients, leading to a re-
duction in physical activity. As far as adaptive ther-
mogenesis is concerned, while the few data available
seem to suggest a similar response to short-term
overfeeding in lean and overweight individuals, sev-
eral studies have demonstrated that TEF is abnor-
mal in obese individuals [15]. However, the dif-
ference, possibly due to the presence of insulin
resistance, is unlikely to be due to an altered adap-
tive thermogenesis, is small, and is unlikely to pro-
duce significant energy imbalance. Overall, when
weight stability is present, TEE is on average much
higher in overweight/obese individuals than in their
average-weight counterparts (energy gap) [17].

Finally, the question of whether obese individ-
uals may have decreased energy requirements after
weight loss has also been addressed. All components
of TEE decline in obese individuals with weight loss,
for example, due to a decrease in body mass, fat-
free mass, or energy intake. On the other hand,
conflicting results are available concerning the hy-
pothesis that post-obese people have a lower BEE
than would be expected on the basis of their body
composition, but this difference would indeed be
very small and unlikely to affect energy balance to
a significant extent [15]. Indeed, it is clear that in
order to maintain energy balance, post-obese peo-
ple have to reduce their energy intake compared
to their previous overweight condition or substan-
tially increase EEAT.

The Epidemiological Approach
Epidemiological studies have given significant re-
sults about the role of energy expenditure in the
pathogenesis of obesity, which are also somewhat in
contrast with those of experimental studies [18,19].
Randomized controlled studies and cohort studies
have evaluated in adults and children the relation-
ships between weight changes and physical activity
(also in combination with diet), occupational and
leisure activities, and household activities. Overall,
there is substantial and consistent evidence that reg-
ular and sustained physical activity may protect, at
least in part, against the increase of body fat and fa-
cilitate maintenance of weight loss in the long term.
Since the measurement of physical activity is com-

plex and usually not very accurate, the actual rela-
tionship could be stronger than the observed one.
It should also be mentioned that physical activity
may influence energy balance in different ways, not
only by increasing energy expenditure but also by
affecting the regulation of food intake.

Similarly, epidemiological studies have also
shown that sedentary lifestyles, which means a high
level of physical inactivity, are also related to weight
gain [18,19]. Several studies in children, adoles-
cents, and young adults show a higher risk of over-
weight/obesity with increased television viewing
(usually >3 hr/day). Indeed, television viewing is
a marker of physical inactivity but may also be as-
sociated with consumption of energy-dense foods
and drinks.

Main Clinical Correlates

The evaluation of energy requirements is important
not only from a theoretical point of view, but also
for clinical purposes. Energy requirements should
be evaluated before commencing every nutritional
therapy, and this is true not only for underweight
and overweight patients and also for those with
conditions such as metabolic syndrome, type 2 dia-
betes, and hyperlipidemia. Physicians should always
be aware of the potential error introduced in nu-
tritional therapy by disregarding this issue, because
the diet should always be tailored to the individual’s
energy needs.

Standardized procedures should be used for esti-
mating BEE and PAL with predictive equations and
questionnaires. The measurement of BEE using a
specific device such as the ventilated hood system
should be encouraged as a standard procedure in
human nutrition to improve the evaluation of en-
ergy requirements in the single individual. EEAT
could be assessed with accelerometers, but the va-
lidity of this approach in the single individual is still
debated.

The increase in TEE due to being overweight is
not a legend, but it is real and consistent. For in-
stance, the equations proposed by the Institute of
Medicine [2] indicate that for the same age, height,
and PAL, TEE is significantly affected by weight not
only in average-weight but also in overweight and
obese individuals. Indeed, there are overweight and


