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METHODS OF CALCULATION OF THE ENERGY EXPENDITURE BY THE HUMAN BODY AND ITS REQUIREMENTS IN NUTRIENTS

Methods of determination of the organism energy expenditure
Daily energy expenditure of organism consists of:

- basal metabolism which depends on the age, sex, height, body weight, physiological constitution (asthenic, normo- and hypersthenic);

- energy expenditure by gastrointestinal digestion (specific-and-dynamic effect of food) which is approximately 10% from the basal metabolism;

- energy expenditure due to physical loads and emotional stresses during the day, in other words on physical activity and rest according to the individual or collective daily routine;

- energy expenditure depends also on the local climate and weather conditions, workplace microclimate, clothes type and quality, work habits and skills (ability).
The most exact, but bulky methods of determination of the energy expenditure are the following: 

- method of direct calorimetry (the heat release from the organism into special calorimetric camera);

- method of indirect calorimetry, consisting in the gas exchange (respiratory metabolism) (quantity of the inspired oxygen and expired carbonic acid per hour) determination during the rest and physical activity. The expired air is accumulated in the special Douglas’s rucksack for further analyses of О2 and СО2 content;

- methods of pulsometry. The special device – pulsotachometer is used for measuring the pulse rate and its filling during performance of the different types of activity and other stresses, results of which are converted in kilojoules in the device automatically; 

- method of alimentary energometry is a laboratory determination of the caloric value of the daily intake including the undigested part of food;

- calculative methods: the basal metabolism is determined separately using special tables by Harris and Benedict for sex and body weight (first number) and sex, age and height (second number). The sum of these numbers is the basal metabolism. The energy expenditure for specific-dynamic effect of food which is 10% of the basal metabolism and for all types of activity which person performs during active part of the day (physical and mental work, rest, food intake etc.) is added to the basal metabolism. This energy expenditure is calculated using special tables. The energy (in calories) for different types of activity per hour is based on the daily time-keeping (monitoring). The daily monitoring is the number of hours or minutes which the person spends on each type of activity during the day.
Specialists of World Health Organization (WHO) have worked out the new method of energy expenditure determination recently (1986). Following this method, the basal metabolism (BM) and specific-dynamic effect of food are calculated using the special equations according to the age, sex, height, body weight (appendix 2). The energy expenditure is calculated as a multiplication of the BM by the physical activity coefficient (PhAC) values of which are worked out for each different type of activity (appendix 3).

Average BM values according to the sex, age, body weight and specific-dynamic effect of food (appendix 4) and physical activity coefficient (PhAC) according to the person profession (appendix 5) were worked out.
For example, the basal metabolism of the 35-year old male - the locksmith by profession with height 175 cm and body weight 70 kg is:

BM = 11.3×70 kg + 16×1.75 m + 901 = 1 720 kcal.

At first the relative basal metabolism (RBM) per one hour is calculated for energy expenditure: RBM = BM : 24 hours. In our example the RBM is 1 720 : 24 = 71.7 kcal. Then the time keeping on each type of activity per day is determined. The corresponding PhAC for each type of activity may be found in the table of the appendix 3. The received results are written down in the table for the energy expenditure calculation:

	Type of activity
	PhAC
	The energy expenditure for each type of activity: 

RBM ( the type activity duration ( PhAC


The daily energy expenditure is the sum of the basal metabolism with specific-dynamic effect of food and the energy expenditure by all types of activity.

The average daily energy expenditure (by sex, age, body weight see appendix 4) has to be multiplied by the corresponding profession PhAC (appendix 5) to receive daily energy expenditure value. 
In our example this is: 1650×1.9 = 3 135 kcal.

Calculation of the nutrient requirements (see fig. 25.1)
The calculations are based on the energy expenditure of the individual or collective with similar day routine and nutrition. The energy expenditure has to be compensated by 11-13, at the average 12% proteins for their caloricity including 55% of the animal origin; 25% - by fat, including no less than 30% vegetable origin; 62-64%, at the average 63% carbohydrates, including no more than 18-20% mono- and disaccharides*.

As mentioned above, the intake caloricity for the locksmith according to his energy expenditure has to be:
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· because of fats (25%) – 783.8 kcal;

· because of carbohydrates (63%) – 1975.0 kcal.

The mass of these nutrients is calculated as its caloricity divided by caloric coefficients. In our example this is:

· protein mass = 
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· fat mass = 
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· carbohydrate mass = 
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 = 481.7 g; 

· protein mass of animal origin = 
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· fat mass of vegetable origin = 
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The requirement in vitamins may also be determined by the energy expenditure according to the statement that each 1 000 kcal must contain: ascorbic acid – 25 mg, thiamine – 0.6 mg, riboflavin – 0.7 mg, pyridoxine – 0.7 mg, nicotinic acid – 6.6 mg, retinol – 1 mg per day (including the retinol equivalent of (-carotin which is 2), tocopherol – 15 mg/day.

The organism requires mineral substances in such quantities: potassium – 4 000 mg/day, calcium – 1 000-1 200 mg/day (including 400-500 mg/day because of dairy products), phosphorus – 1 200 mg/day, iron – 10-18 mg/day, including 1.0-1.5 mg because of haem iron (meat products).

Proportion (correlation) p:f:c has to be 1:1:4 by their mass. 

Proportion (correlation) Са:Р – 1:1.5.

The special nomograph may also be used for determination of the requirement in main nutrients and intake caloricity depending on the energy expenditure (see fig. 25.1.)
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Fig. 25.1 Nomograph for determination of the organism requirement in main nutrients and energy
Appendix 2
Equations for calculation of the basal metabolism 
(based on the body weight and height)
	Age range (years old)
	Basal metabolism (BM), kcal

	                                        10 – 18

Males                              18 – 30

                                        30 – 60

                                   more than 60
	16.6×BW + 77×HT + 572

15.4×BW – 27×HT + 717

11.3×BW + 16×HT + 901

8.8×BW + 1 128×HT – 1 071

	                                        10 – 18

Females                           18 – 30

                                        30 – 60

                                   morе than 60
	7.4×BW + 482×HT + 217

13.3×BW + 334×HT + 35

8.7×BW - 25×HT + 865

9.2×BW + 637×HT – 302


where BW is the body weight in kg; HT is the height in m.
Appendix 3
Physical activity coefficients for different types of activity 
	Activity
	PhAC index

	
	for males
	for females

	1. Study

	1.1 Practical trainings
	
	

	А) laboratory
	2.7
	2.6

	B) seminar
	1.9
	1.8

	C) seminar and laboratory
	2.4
	2.3

	Ґ) at clinical therapeutic departments
	2.3
	2.2

	D) surgical departments (assistance during operations)
	2.4
	2.3

	Е) regular sanitary inspection on the objects
	2.8
	2.7

	1.2. Study and research activity
	
	

	А) the scientific experiment on the animals
	2.7
	2.6

	B) the chemical analyses
	2.6
	2.5

	C) tiding the work place after experiment
	2.2
	2.0

	D) scientific discussion
	2.2
	2.1

	PC operation (sitting)
	1.7
	1.6

	PC operation (standing)
	2.7
	2.6

	1.3. Lectures
	2.0
	1.9

	1.4. Training for practice
	
	

	А) reading the educational literature
	1.6
	1.6

	B) the scientific literature review
	1.8
	1.7

	C) the scientific literature abstracting
	2.0
	1.9

	2. Personal hygiene, self-service

	А) washing
	1.6
	1.5

	B) shower
	1.8
	1.7

	C) dressing, undressing, putting the shoes on
	1.9
	1.8

	D) ingestion (food intake) by sitting
	1.5
	1.3

	E) ingestion (food intake) by standing
	1.7
	1.6

	2.1.Housekeeping
	
	

	2.1.1. Easy tiding
	2.7
	2.7

	2.1.2. Tiding with middle loading
	3.7
	3.3

	2.1.3. Sweeping the house
	3.5
	3.5

	2.1.4. Sweeping the yard 
	3.1
	3.0

	2.1.5. Washing the clothes, laundry
	2.5
	3.3-4.4

	2.1.6. Dish washing
	1.6
	1.5

	2.1.7. Looking after the children
	2.2
	2.7

	2.1.8. Cooking
	1.8
	2.2

	2.1.9. Hewing
	4.1
	

	2.1.10. Shopping
	3.5
	4.0-4.6

	2.1.11. Washing the floor and windows
	3.3
	3.7

	3. Relocation (movement)

	3.1. Walking in the house 
	2.5
	2.4

	3.2. Walking slowly
	3.0
	2.8

	3.3. Walking with usual speed
	3.4
	3.2

	3.4. Walking with 10 kg load
	4.6
	3.5

	3.5. Walking uphill slowly 
	4.7
	4.6

	3.6. Walking uphill with usual speed
	5.7
	4.6

	3.7.Walking uphill quickly
	7.5
	6.6

	3.8 Walking with usual speed with 10 kg load
	6.7
	6.0

	3.9. Walking downhill slowly
	2.8
	2.3

	3.10. Walking downhill with usual speed
	3.1
	3.0

	3.11. Walking downhill quickly
	3.6
	3.4

	3.12. Walking upstairs
	6.2
	6.1

	3.13. Using the public transportation
	1.7
	1.5

	4. Gardening

	4.1. Using the spade
	5.7
	4.6

	4.2. Planting the trees
	4.1
	4.3

	4.3. Cutting out the tree branches
	7.3
	7.1

	4.4. Using the hoe, weeding
	2.5-5.0
	2.9

	4.5. Planting the root vegetables
	3.7
	3.9

	5. Building procedures

	5.1. Hard work
	5.2
	-

	5.2. Bricklaying
	3.3
	-

	5.3. Carpenter’s work
	3.2
	-

	5.4. Finishing work (painting, papering)
	2.8
	3.0

	6. Needlework

	6.1. Sewing
	1.5-3.0
	1.9-3.0

	6.2. Weaving
	2.1
	2.2

	6.3. Embroidery
	1.5
	1.5

	6.4. Knitting
	1.9
	2.0

	6.5. Excision
	2.1
	-

	7. Sport training

	7.1. Playing chess, draughts
	2.2
	2.1

	7.2. Playing billiards, skittles, golf
	2.2-4.4
	

	7.3. Low intensity aerobics
	3.1
	3.2

	7.4. High intensity aerobics
	7.3
	7.2

	7.5. Badminton with middle speed
	3.7
	3.7

	7.6. Badminton with high speed
	7.3
	7.1

	7.7. Basketball on the standard size playground
	5.6
	5.5

	7.8. Volleyball
	3.8
	3.6

	7.9. Handball
	7.0
	7.1

	7.10. Morning exercises
	2.3
	2.2

	7.11. Easy exercises
	3.5
	3.5

	7.12. Intensive exercises
	7.0
	6.6

	7.13. Running (11,2 km/hour)
	7.0
	7.1

	8. Intensive sport training

	8.1. Running (16 km/hour)
	11.0
	11.0

	8.2. Riding (gallop)
	4.6
	4.5

	8.3. Rowing (with two paddles, 4 km/hour)
	3.1
	3.0

	8.4. Rowing (single with maximal speed)
	10.5
	10.2

	8.5. Rowing on the canoe (4 km/hour)
	2.7
	2.6

	8.6. Swimming (0,4 km/hour)
	2.9
	3.0

	8.7. Swimming (2,4 km/hour)
	6.6
	6.6

	8.8. Swimming the crawl quickly
	8.4
	8.3

	8.9. Table tennis (ping-pong)
	3.0-4.0
	3.0-3.9

	8.10. Field hockey
	7.2
	7.2

	8.11. Fencing
	3.1
	3.1

	8.12. Playing football (soccer)
	6.8
	6.6

	8.13. Hiking (with 9 kg knapsack, and moving at the speed of 3,2 km/hour)
	2.2
	2.2

	8.14. The same at the speed 6,4 km/hour
	3.4
	3.5

	8.15. Mountain climbing
	6.8
	6.6

	8.16. Skating
	3.7
	3.5

	8.17. High-speed skating
	11.0
	103

	8.18. Skiing
	3.9
	4.0

	8.19. High-speed descending skiing
	3.8
	3.9

	8.20. Water polo
	8.8
	8.8

	8.21. Water skis
	3.3
	3.3

	8.22. Heavy training on the simulator
	8.0
	7.6

	8.23. Heavy athletics
	6.0-10.0
	6.0-8.8

	9. Rest

	9.1. Seating calmly
	1.2
	1.2

	9.2. Watching TV
	1.4
	1.4

	9.3. Ballroom dances
	3.0-4.1
	3.0-4.0

	9.4. Disco dances
	6.0
	5.8

	9.5. Modern dances
	3.7
	3.5

	9.6. Singing
	1.6
	1.6

	9.7. Fiction reading
	1.7
	1.7

	10. Sleep
	1
	1


Appendix 4

The energy expenditure per 24 hours for adults without the physical

activity (basal metabolism)
	Body weight, kilograms
	Age

	
	18-29 years
	30-39 years
	40-59 years
	60-74 years 

	Males (basal metabolism)

	1
	2
	3
	4
	5

	50
	1 450
	1 370
	1 280
	1 180

	55
	1 520
	1 430
	1 350
	1 240

	60
	1 590
	1 500
	1 410
	1 300

	65
	1 670
	1 570
	1 480
	1 360

	70
	1 750
	1 650
	1 550
	1 430

	75
	1 830
	1 720
	1 620
	1 500

	80
	1 920
	1 810
	1 700
	1 570

	85
	2 010
	1 900
	1 780
	1 640

	90
	2 110
	1 990
	1 870
	1 720

	Females (basal metabolism)

	40
	1 080
	1 050
	1 020
	960

	45
	1 150
	1 120
	1 030
	

1 030

	50
	1 230
	1 190
	1 160
	1 100

	55
	1 300
	1 260
	1 220
	1 160

	60
	1 380
	1 340
	1 300
	1 230

	65
	1 450
	1 410
	1 370
	1 290

	70
	1 530
	1 490
	1 440
	1 860

	75
	1 600
	1 550
	1 510
	1 430

	80
	1 680
	1 630
	1 580
	1 580

	Comment: The basal metabolism rate has to be multiplied by the physical activity coefficient (PhAC) for calculation of the daily energy expenditure by physically active adults.


Appendix 5

Groups of the able-bodies citizens depending on the physical activity
	Physical activity groups
	Physical activity coefficient (PhAC)
	Approximate list of specialities

	І
	Mental worker mainly, very light physical activity, energy expenditure 1 800-2 450 kcal
	1.4
	scientists, students of humanitary institutions, electronic controller operators, tutors, dispatchers, control panel workers etc. 

	ІІ
	Worker, performing activity with light load, light physical activity, energy expenditure 2 100-2 800 kcal
	1.6


	trolleybus, tram drivers, conveyer workers, loader, sewer, bundling workers, radio-electronic manufacture workers, agronomists (agriculturists), nurses, connection, service workers, foodstuffs sellers and etc. 

	ІІІ
	Worker, performing activity with medium load, medium physical activity, energy expenditure 2 500-3 300 kcal
	1.9


	mechanics, adjusters, imposers, excavator, bulldozer drivers, surgeons, textile-workers, shoes makers, railwaymen, coil-plough machine workers, foodstuffs sellers, water-transport workers, machine operatives, chemical plant workers etc.

	ІV
	Worker, performing activity with high and very high load, high and very high physical activity, energy expenditure 2 850-3 900 kcal
	2.3 

(males)

2.2 

(females)
	builders, driller assistants, drift miners, majority (main) of agricultural workers, machine-operators, milkmaid, vegetable workers, wood workers, metallurgists, casters, agricultural workers during sowing and harvest periods, blast-furnace operators, fellers, bricklayers, diggers, loaders with manual loading etc.


* Comment. According to the classic Foite and Rubner recommendations, proteins must make up 18% of the dietary intake
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