
ENERGY 
 

(Session 9) 

Mohsen Karamati 
Department of Nutrition Sciences, Varastegan Institute for Medical Sciences, Mashhad, Iran 

E-mail: karamatim@varastegan.ac.ir 





Estimating Energy Requirements 



Equations for Estimating REE 

 

There appears to be four equations in current use: 

 

1) Harris-Benedict (HB) 

 

2) WHO/FAO/UNU 

 

3) Owen 

 

4) Mifflin-St Jeor (Mifflin) 



 

 

The HB equations (1919) were developed using predominantly 

white normal-weight men aged 16–63 years (n=136); and 

women aged 15–74 years (n=103) over a ten year period. 

 

 
Men: kcal/day = 66.47 + 13.75 (wt, kg) + 5.00 (ht, cm) – 6.76 (age, y) 

 

Women: kcal/day = 655.10 + 9.56 (wt, kg) + 1.85 (ht, cm) – 4.68 (age, y) 

 

 

The HB formulas have been found to overestimate REE in 

normal weight and obese individuals by 7% to 27%. 



 

The WHO/FAO/UNU equations (1985) were developed from 

data on young European military/police recruits, 2279 men and 

247 women, 45% of Italian descent, aged 19–82 years. 

 
Men: 

18–30 years: 15.3 × weight (kg) + 679 

31–60 years: 11.6 × weight (kg) + 879 

Men: 

18–30 years: 15.4 × weight (kg) – 27 × height (m) + 717 

31–60 years: 11.3 × weight (kg) + 16 × height (m) + 901 

Women 

18–30 years: 14.7 × weight (kg) + 496 

31–60 years: 8.7 × weight (kg) + 829 

Women 

18–30 years: 13.3 × weight (kg) + 334 × height (m) + 35 

31–60 years: 8.7 × weight (kg) – 25 × height (m) + 865 



The Owen equation (1986/87) for men was based on a sample of 

60 subjects aged 18–82 years, and the women's equation from 

44 women aged 18–65 years. 

 
Men: kcal/day = 879 + 10.2 (wt, kg) 

 

Women: kcal/day = 795 + 7.2 (wt, kg) 



The Mifflin equations (1990) was derived from 498 normal-

weight, overweight, obese and severely obese individuals; aged 

19–78 years. 

 
Men: kcal/day = 9.99 × (wt, kg) + 6.25 × (ht, cm) – 4.92 × age (y) + 5 

 

Women: kcal/day = 9.99 × (wt, kg) + 6.25 × (ht, cm) – 4.92 × age (y) – 161 

 

A study comparing measured REE with estimated REE using 

the Mifflin, Owen, and HB equations for both males and 

females found that the Mifflin equations were the most accurate 

in estimating REE in both normal weight and obese people. 



All of these four equations were developed for use in "normal" 

healthy individuals, and their application to any other population 

is questionable. 

 

The WHO/FAO/UNU and HB equations appear to have become 

less applicable over time. 

 

In all equations, their strengths and weaknesses appears to lie in 

how representative they are. (e.g. if an individual being 

measured is underrepresented in the original study, then the 

chances of the estimation being wrong, and the extent to which 

it is wrong, will be greater). 



Estimating Energy Requirements 

from Energy Intake 



Traditionally, recommendations for energy requirements were 

based on self-recorded estimates (e.g., diet records) or self-

reported estimates (e.g., 24-hour recalls) of food intake, 

however, it is now clear that these methods do not provide 

accurate or unbiased estimates of an individual's energy intake. 

 

The percentage of people who underestimate or underreport 

their food intake ranges from 10% to 45%, depending on the 

person's age, gender, and body composition (e.g. 

underestimating tends to increase as children age, is worse 

among women than men, and is more prevalent and severe 

among obese people). 



Energy Requirements Prediction Equations 



Estimated Energy Requirements (EER) 

 

EER is the average dietary energy intake that is predicted to 

maintain energy balance in a healthy adult of a defined age, 

gender, weight, height, and level of physical activity consistent 

with good health. 



EER has been developed for men, women, children, and infants 

and for pregnant and lactating women. 

 

EER for children and pregnant and lactating women also 

includes the energy needs associated with the deposition of 

tissues or secretion of milk at rates consistent with good health. 



EER (for people of normal weight) and TEE (for various 

overweight and obese groups, as well as for weight maintenance 

in obese girls and boys) prediction equations have been 

developed to maintain current body weight (and promote growth 

when appropriate) and current levels of physical activity for all 

subsets of the population, hence they are not intended to 

promote weight loss. 



The EER incorporates age, weight, height, gender, and level of 

physical activity for people ages 3 years and older. 

 

Although variables such as age, gender, and feeding type can 

affect TEE among infants and young children, weight has been 

determined as the sole predictor of TEE needs. 

 

The EER among infants, young children, children ages 3-18 

years, and for pregnant and lactating women is the sum of TEE 

plus the caloric requirements for energy deposition. 









 

The prediction equations include a physical activity (PA) 

coefficient for all groups except infants and young children. 
 

PA coefficients correspond to four physical activity level (PAL; 

the ratio of TEE to BEE) lifestyle categories: sedentary, low 

active, active, and very active. 
 

The energy spent during activities of daily living, the sedentary 

lifestyle category, has a PAL range of 1 to 1.39, but PAL 

categories beyond sedentary are determined according to the 

energy spent by an adult walking at a set pace. 
 

The walking equivalents that correspond to each PAL category 

for an average-weight adult walking at 3 to 4 mph are 2, 7, and 

17 miles per day, respectively. 





Estimated Energy Expended in Physical Activity 



 

 

 

 

 

Energy expenditure in physical activity can be estimated using 

the method shown in the following appendix, which represents 

energy spent during common activities and incorporates body 

weight and the duration of time for each activity as variables. 





 

 

 

 

 

Energy expenditure in physical activity can also be estimated 

using information in the following DRI table (which represents 

energy spent by adults during various intensities of physical 

activity) and expressed as metabolic equivalents (METs). 





 

Estimating Energy Expenditure of Selected Activities Using 

Metabolic Equivalents (METs)  
 

METs are units of measure that correspond with a person's 

metabolic rate during selected physical activities of varying 

intensities. 
 

A value of MET = 1 is the oxygen metabolized at rest (3.5 mL 

of oxygen/kg/min in adults) and can be expressed as 1 

kcal/kg/hour; thus the energy expenditure of adults can be 

estimated using MET values (1 MET = 1 kcal/kg/hour) 
 

For example, an adult who weighs 65 kg and is moderately 

walking at a pace of 4 mph (which is a MET value of 4.5) would 

expend 292.5 calories in one hour. 



To estimate a person's energy requirements using the EER 

equations, it is necessary to identify a PAL value for that person. 

 

A person's PAL value can be affected by various activities 

performed throughout the day and is referred to as the change in 

physical activity level (ΔPAL). 

 

To determine ΔPAL, take the sum of the ΔPALs for each activity 

performed for 1 day from the DRI tables. 

 

To calculate the PAL value for 1 day, take the total ΔPAL and 

add the BEE (1) plus 10% to account for the TEF (1 + 0.1 = 

1.1). 



 

For example, to calculate an adult woman's PAL value, take the 

sum of the ΔPAL values for activities of daily living, such as 

walking the dog (0.11) and vacuuming (0.14) for 1 hour each, 

sitting for 4 hours doing light activity (0.12), and then 

performing moderate to vigorous activities such as walking for 1 

hour at 4 mph (0.20) and ice skating for 30 minutes (0.13) for a 

total of (0.7). 

 

Then, to that value include the BEE adjusted for the 10% TEF 

(1.1) for the final calculation (0.7 + 1.1 = 1.8). 

 

For this woman, the PAL value (1.8) falls within an active 

range, and the PA coefficient that correlates with an active 

lifestyle for this woman is 1.27. 



A simplified way of predicting physical activity additions to 

REE is through the use of estimates of the level of physical 

activity, which are then multiplied by the measured or predicted 

REE. 

 

To estimate TEE for minimal activity, increase REE by 10% to 

20%; for moderate activity, increase REE by 25% to 40%; for 

strenuous activity, increase REE by 45% to 60%. 

 



Calculating Food Energy 



The total energy available from a food is measured with a 

bomb calorimeter. 

 

This device consists of a closed container in which a weighed 

food sample, ignited with an electric spark, is burned in an 

oxygenated atmosphere. 

 

The container is immersed in a known volume of water, and the 

rise in the temperature of the water after igniting the food is 

used to calculate the heat energy generated. 





Not all of the dietary energy is available to the body's cells 

because the processes of digestion and absorption are not 

completely efficient and also because the nitrogenous portion of 

amino acids is not oxidized but is excreted in the form of urea. 

 

Therefore, the biologically available energy from protein, fat, 

carbohydrate, and alcohol are 4, 9, 4, and 7 kcal/g, 

respectively, which are slightly below those obtained using 

the calorimeter. 

 

Fiber is "unavailable carbohydrate" that resists digestion and 

absorption; its energy intake is minimal. 





Energy value of food 



Although the energy value of each nutrient is known precisely, 

only a few foods, such as oils and sugars, are made up of a 

single nutrient, and more commonly, foods contain a mixture of 

protein, fat, and carbohydrate. 
 

For example, the energy value of one medium (50 g) egg 

calculated in terms of weight is derived from protein (13%), fat 

(12%), and carbohydrate (1%) as follows: 
 

Protein: 13% × 50 g = 6.5 g × 4 kcal/g = 26 kcal 

Fat: 12% × 50 g = 6 g × 9 kcal/g = 54 kcal 

Carbohydrate: 1% × 50 g = 0.5 g × 4 kcal/g = 2 kcal 

Total = 82 kcal 
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