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Part 4: Energy Balance
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Introduction

• A Fundamental Principle is that: 

• Body weight change is associated with an imbalance 

between: 

• Energy content of food eaten

• Energy expended by the body

• Obesity is often considered to result from the failure of 

homeostatic mechanisms that regulate body weight to 

cope with an environment that encourages 

overeating and sedentarity

Uploaded By: anonymousSTUDENTS-HUB.com



Outline

1. Basic Concepts of Energy

2. Components of Energy Expenditure 
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PART 1: BASIC 

CONCEPTS
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Basic concepts and principles in 

human energetics 

Energy cannot be created nor destroyed but can only be 
transformed from one form into another.

The chemical energy obtained from foods is used to 

perform a variety of work, such as in the synthesis of new 

macromolecules (chemical work), in muscular contraction 

(mechanical work), or in the maintenance of ionic 

gradients across membranes (electrical work).
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Basic concepts and principles in 

human energetics 
“Transfer of energy from one form to another is an 

inefficient process, thus not all energy available for work” 

These processes must be accompanied inevitably by a loss 

of heat. 
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Energy Stores

• Positive and negative E imbalances occur in short-term 

in free-living individuals  we need to consider long-

term energy balance

• Human beings do not balance EI and EE on a day-to-

day basis. Near equality of intake and expenditure most 

often appear over 1–2 weeks.

• This matching of long-term EI and EE must be 

extremely precise since a theoretical error of only 1% 

between EI and EE, if persistent, will lead to a gain or 

loss of about 10 kg per decade
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PART 2: COMPONENTS OF 

ENERGY EXPENDITURE
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Components of energy expenditure 
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Components of energy expenditure 

• Basal metabolic rate (BMR):
Typically, 60-75% of daily EE. 

• What is Basal?
• In an awake subject lying in the 

supine position

• In a state of physical and mental rest

• In a comfortable, warm environment, 

• In the morning in the post-absorptive 
state, usually 10–12 hours after the 
last meal. 

These are “basal” as they should reflect 
the energy needed for vital functions 
(maintaining electrolyte equilibrium, cell 
and protein turnover, respiratory and 
cardiovascular functions, etc.). 
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Components of energy expenditure 

• Determinants of BMR:

• Body size

• Body composition (FM vs FFM)

• Age

• Gender 

• Genetics

• Hormonal Influence:

• Sex hormones

• Thyroxine
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Gender Effect
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Components of energy expenditure 

• Energy expenditure due to physical activity 
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Components of energy expenditure 

• Energy expenditure due to physical activity 

• Non-resting EE is divided into:

a.Voluntary: volitional (e.g. exercise and sports), 

b.Obligatory: Occupational (going to work and performing work duties), 

household, and daily living

c.Spontaneous: spontaneous and subconscious fidgeting and posture 

maintenance.
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• Most of the variance in NEAT is related to differences in 

occupation 

• SPA becomes less with weight loss
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Components of energy expenditure 

• Energy expenditure due to physical activity 

Depends on the type, intensity, and duration of the various 

activities. 

There is a wide variation in the energy cost of any activity 

both within and between individuals (Differences in body 

size, speed/dexterity with which an activity is performed) 
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Activity (1 hr) 130 lb (59 kg) 155 lb (70 kg) 180 lb (82 kg) 205 lb (93 kg)

Cycling, <10 mph, leisure 

bicycling

236 281 327 372

Cycling, >20 mph, racing 944 1126 1308 1489

Aerobics, low impact 295 352 409 465

Aerobics, high impact 413 493 572 651

Running, 5 mph (12 

minute mile)

472 563 654 745

Soccer, competitive 590 704 817 931

Playing soccer 413 493 572 651

Carrying infant, level 

ground

207 246 286 326

Carrying infant, upstairs 295 352 409 465

Walking, under 2.0 mph, 

very slow

118 141 163 186

Walking, under 2.0 mph, 

very slow

118 141 163 186

Swimming leisurely, not 

laps

354 422 490 558

General cleaning 207 246 286 326

https://www.nutristrategy.com/
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Components of energy expenditure 

• Energy expenditure due to physical activity 

In order to adjust for differences in body size, the energy 

cost of physical activities is expressed as multiples of BMR 

(called the metabolic equivalent of a task – MET). 

These generally range from 1 to 5 for most activities but 

can reach values between 10 and 14 during intense 

exercise. 
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MET

• The resting metabolic rate, that 

is, the amount of oxygen 

consumed at rest, 

approximately 3.5 ml 

O2/kg/min (1.2kcal/min for a 

70-kg person).

• Two METS requires twice the 

resting metabolism 

• Three METS requires three 

times the resting metabolism 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/clc.4960130809
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How do you choose an appropriate PA 

factor when estimating TER?
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Task: Calculate your own PAL

https://openknowledge.fao.org/server/api/core/bitstreams/62ae7aeb-9536-4e43-b2d0-55120e662824/content
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Components of energy expenditure 

• Energy expenditure in response to various 
thermogenic stimuli 

“Thermogenesis” can exist in various forms: 

Psychological thermogenesis: Anxiety, anticipation, and 

stress stimulate adrenaline secretion, leading to increased 

heat production. 
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Components of energy expenditure 

Cold- induced thermogenesis: At low temperatures, the 

resting metabolic rate (and hence heat production) 

increases, due to:
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Components of energy expenditure 

Diet- induced thermogenesis: Heat production increases 

following the consumption of a meal. 

Obligatory component (energy costs of absorption and 

metabolic processing of nutrients or the energy cost of 

tissue synthesis during over-feeding)

Facultative component that in part results from the 

sensory aspects of foods (cephalic phase) and in part from 

stimulation of the sympathetic nervous system. 
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Components of energy expenditure 

Drug- induced thermogenesis: 

The consumption of caffeine and nicotine stimulate 

thermogenesis.  Examples:

1. A cup of coffee (containing 60–80 mg caffeine) can 

increase BMR by 5–10% over an hour or two. 

2. Oral intake of 100 mg caffeine every 2 hours during 

daytime increases daily EE by 5%

3. Smoking a pack of 20 cigarettes a day increases daily 

EE by 15%. → cessation and weight gain?
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