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1 Summary 
 
To be written once the report has been finalised. 
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2 Introduction 

Background  
 
1. The Dietary Reference Values (DRV) for food energy provide criteria against which to 

judge the adequacy of the food energy intake for the majority of the population and for 
population subgroups1.  These DRVs apply to groups of healthy people and are not 
appropriate for the definition of individual requirements.  The DRVs support the 
maintenance of health in a population and are derived with the assumption that the 
requirements for all other nutrients are met.  The DRVs for food energy are defined as the 
Estimated Average Requirement (EAR).  They are used for various purposes which 
include informing the provision of food in clinical and institutional settings.   

 
2. The National Diet and Nutrition Survey (NDNS) series shows average reported energy 

intakes to be consistently below the level indicated by the EAR for food energy2-11.  The 
NDNS and other surveys of the UK population show that the number of people classified 
as overweight or obese is increasing.  These data indicate that average habitual energy 
intake does in fact exceed energy needs.   

 
3. One explanation for this apparent paradox is that reported intakes of food energy assessed 

in the NDNS are lower than intakes actually consumed.  Under-reporting of food intake 
in most dietary surveys is now widely recognised12 and many individuals report food 
energy intakes which, if correct would induce weight loss. 

 
4. Another possible explanation for the apparent paradox is that average energy expenditure 

is, in fact, lower than that anticipated in the EAR for food energy used to compare 
measured energy intakes in the UK. 

 

5. The EARs for food energy published by the Committee on Medical Aspects of Food and 
Nutrition Policy (COMA) (1991)1 were based on limited available evidence. More recent 
observations on the energy expenditure in a wide variety of population groups together 
with the publication of FAO/WHO/UNU updated recommendations for energy intake 
from the expert consultation on Human Energy Requirements13 indicate that the average 
total energy expenditure of the population is highly unlikely to be below that assumed in 
COMA’s EAR.  

 

6. Even relatively sedentary populations are now thought to exhibit higher rates of energy 
expenditure than previously expected14;15.  Consequently the revised reference values 
published by FAO/WHO/UNU in 2004 differ from those set by COMA in 1991, being 
generally higher. It is timely to review the evidence and the Food Standards Agency and 
the Department of Health therefore requested the re-evaluation of the DRVs for food 
energy by the Scientific Advisory Committee on Nutrition (SACN). 
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Terms of reference 
 
The Terms of Reference for the Energy Requirements Working Group are to: 
 

• Review and agree on the interpretation of the methods, definitions and assumptions 
used by Committee on Medical Aspects of Food Policy (COMA)1 and 
FAO/WHO/UNU expert consultation on Human Energy Requirements13 to agree 
energy requirements. 

 
• Agree a framework by which to arrive at energy requirements for the UK population 

and its subgroups. 
 

• Agree population based Dietary Reference Values for energy, and provide 
recommendations taking into account age, body size, levels of activity, gender and 
physiological state (i.e. growth, pregnancy and lactation). 

 
• Consider the implications of these recommendations on the requirements for other 

nutrients. 

Report methodology 
 
7. The report considers: UK dietary intakes of energy; UK physical activity and energy 

expenditure levels; UK population energy requirements; the effect of diet on the risk of 
weight gain; and the effect of physical activity on the risk of weight gain.  Evidence was 
identified and considered using the SACN Framework for the Evaluation of 
Evidence16(as discussed in Chapter 3). 

 

Definition of energy requirement 
8. The energy requirement of an individual has been defined by FAO/WHO/UNU as ‘the 

amount of food energy needed to balance energy expenditure in order to maintain body 
size, body composition and a level of necessary and desirable physical activity consistent 
with long-term good health.  This includes the energy needed for the optimal growth and 
development of children, for the deposition of tissues during pregnancy, and for the 
production of milk during lactation consistent with the good health of mother and child’13.   

 
9. Energy requirements defined in this way are determined from measurements of energy 

expenditure on healthy, well-nourished individuals and are affected by age, gender, body 
size and composition, pregnancy, lactation and physical activity.  These characteristics 
are used to describe population groups for whom DRVs are defined.  

Variability 
10. Measurements of energy needs that are used to predict DRVs for a particular population 

group will, for a number of reasons, exhibit variability.  Consequently, there will be a 
distribution of energy reference values for each population group and the level set for the 
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DRV should take this into account.  
 

11. For most nutrients the DRV is identified from the upper bound of the reference ranges i.e. 
two notional standard deviations above the average reference value1. However for dietary 
energy the DRV is defined differently i.e. it is equal to the average reference value 
(Estimated Average Requirement, EAR). For individuals within a population group, an 
energy intake equal to the mean plus two notional standard deviations would probably 
result in excess energy intakes for all except a few percent of individuals. Energy intakes 
that consistently exceed requirements lead to weight gain and obesity, in the long term.  
An intake equal to the average reference value for a population group on the other hand 
is, in theory, associated with similar probabilities (50%) of excessive and insufficient 
energy intakes for any individual within the population.  On this basis, the DRV for 
dietary energy has usually been defined as the mean energy requirement of those who 
constitute the defined group. 

   
12. Appetite regulation allows humans in good health to match broadly their energy intake to 

their requirements so the chances of energy deficiency are low unless food supply is 
limited.  However, this mechanism is not always sufficiently sensitive to prevent small 
excesses leading to inappropriate weight gain in the long term. 

 
13. Due to the increasing trend towards sedentary lifestyles in both occupational and leisure 

time, especially within the adult population, and increasingly so in younger populations, 
the energy reference values are unlikely to be normally distributed. Measurements of 
energy expenditure within adult populations (see Appendix 1 for a description of the 
methodology for measuring energy expenditure and the uncertainties that exist in its 
application and interpretation), indicate that the overall distribution is positively skewed.  
For the high proportion of individuals who are relatively inactive, energy expenditure and 
intakes that maintain energy balance will cluster at the lower end of the range. A small 
proportion will be more active, with a few individuals exhibiting the highest rates of 
expenditure that are sustainable.  A schematic of the probable distribution within the adult 
population is shown in Figure 1.  Statistical considerations, therefore, dictate that the 
appropriate descriptor of the midpoint of the distribution is the median which is likely to 
be somewhat lower than the mean.   
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Figure 1.  Schematic of the likely distribution of energy expenditure (expressed as a multiple 
of BMR) and hence reference intakes within the adult population 

 

 

 
 
14. A second difficulty in estimating energy reference values is evidence suggesting that, at 

least within the adult population, energy expenditure varies between individuals with 
similar lifestyles over a wider range than would be expected. This is particularly 
important because in the past, attempts have been made to define energy reference values 
in terms of specific physical activity levels for specific lifestyle population groups.  
Consequently, with the probable exception of those at the extremes of the activity range, 
lifestyle predictions of energy expenditure and the resultant energy reference values 
cannot be made with the certainty assumed in previous reports such as COMA (1991)1 
(see Appendix 2 for a detailed consideration).   

 

Approaches used to set energy reference values 
 

15. There are two basic approaches to setting energy reference values: 

1) Measurement of energy intake (EI) of healthy reference populations provides, in 
theory, a direct estimate of the energy requirement. However it has not proved 
possible to make such measurements with sufficient accuracy for them to be useful. In 
addition, EI is not a physiological measure of the energy requirement. This is because 
it is not adequately regulated through the appetite mechanism to precisely match 
energy expenditure (EE) and allow exact energy balance and EI can be consciously 
altered by the subject. Also there is no independent check on whether the measured EI 
does match EE and is therefore appropriate for the subject’s need. The breast-fed 
infant is the one possible exception to these caveats, but in practice this approach has 
been largely abandoned.  

2) Measurement or prediction of energy expenditure provides a physiological measure of 
the energy requirement at energy balance. This is because for energy balance, EI must 

0

sedentary                                               extremely active

Median

% of 
population

Mean



Draft SACN Report on Energy Requirements   

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily 
represent the final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

12

match EE, and while EI is to some extent regulated to match EE there is little 
evidence that EE is regulated to match EI. Thus the energy requirement can be 
specifically predicted as the rate of energy expenditure plus any additional needs for 
growth, pregnancy and lactation. EE can be accurately measured by a variety of 
calorimetric methods, and with 2H2O18, doubly labelled water (DLW) in free living 
subjects over periods of weeks (see paragraph 61 and Appendix 1 for more detail). 
Knowledge of the rates of EE associated with specific short term activities such as 
climbing stairs, allow EE over 24h to be predicted from a timed record of individual 
activities. The DLW method has proved to be the most useful approach and 
measurements obtained by this method which are judged to be representative of the 
current UK population form the basis of the estimates of energy reference values in 
this report.  

 

Components of energy expenditure 
 
16. The total energy expenditure (TEE) of an individual can be divided into a number of 

discrete components, which can be determined separately. These are the daily energy 
used to maintain basal metabolic rate (BMR; metabolism at rest), energy expended in 
physical activity, and other components such as thermogenesis deriving mainly from food 
intake, and growth. 

Basal and resting metabolism 
 
17. The basal metabolic rate (BMR) is a measure of an individual’s metabolism in a basal 

state: i.e. while awake and resting. This is a standardised metabolic state corresponding to 
the situation at thermoneutrality and when food and physical activity have minimal 
influence on metabolism.  It represents the metabolic activity of cells and tissues and the 
physiological functions essential for life.  BMR and resting metabolic rate (RMR) are 
often used interchangeably, but if RMR is not measured at the standardised metabolic 
state, it can include additional metabolic activity (e.g. thermic effect of food and excess 
post-exercise oxygen consumption, see below), and would therefore be greater than the 
BMR.  Because the BMR includes a small component associated with arousal, it is 
slightly higher than the sleeping metabolic rate.  For most people BMR is the largest 
component of energy expenditure and requirements, ranging from 40 to 70% depending 
on age and lifestyle.   

Physical activity 
 
18. Physical activity is a complex and multi-dimensional behaviour taking place in a variety 

of domains: in transportation, domestic life, occupation and recreation17.  The dimensions 
of a specific physical activity are defined as its volume, frequency, intensity, time and 
type.   

 
19. ‘Physical activity’, ‘exercise’, and ‘physical fitness’ are terms that describe different 

concepts.  Physical activity is defined as any bodily movement produced by the 
contraction of skeletal muscles resulting in energy expenditure18.  Exercise is a subset of 
physical activity that is planned, structured, and repetitive and has as a final or an 
intermediate objective the improvement or maintenance of physical fitness and/or health.  
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Physical fitness is a set of attributes that are health- and/or performance-related.  The 
degree to which people have these attributes can be measured with specific tests18. 

 

20. Physical activity-related energy expenditure (PAEE) is quantitatively the most variable 
component of TEE.  The energy expended depends on the type and duration of activities, 
but for most individuals, the amounts which can be sustained account for 25-50% of 
energy requirements. In extreme situations during heavy, sustained physical activity, 
PAEE can account for up to 75% of energy requirements19, but such levels of activity are 
highly unusual and not sustainable.  Due to differences in body size, skill and training 
there is a large inter-individual variation in the energy expended for any given activity. 

 
21. The energy costs of different physical activities can be expressed as multiples of BMR to 

account for differences in body size, i.e. the physical activity ratio (PAR).  Such energy 
costs can also be expressed as multiples of the metabolic energy equivalent (MET): the 
oxygen consumption of energy expenditure measured at supine rest (defined as 3.5 ml 
oxygen consumption/kg body weight/minute).  1 MET is similar to the BMR, but its 
precise relationship will vary as a function of body weight, age and gender, which each 
influence BMR per kg body weight20.  The physical activity level (PAL) used in TEE 
calculations is discussed in paragraphs 27-34. 

 
22. The role of physical activity in raising TEE depends on the intensity and duration of the 

activity undertaken and whether this affects the degree to which other physical activities 
are performed, i.e. an increase in one component in PAEE may be balanced by a 
compensatory decrease in another.  In addition, many studies of human subjects indicate a 
short-term elevation in RMR following single exercise events (generally termed the 
excess post-exercise oxygen consumption; EPOC). This EPOC appears to have two 
phases, one lasting less than 2 hours and a smaller more prolonged effect lasting up to 48 
hours 21. The EPOC varies with exercise intensity and duration.  The effects of long term 
exercise training on BMR, however, are less clear21. 

 

Spontaneous physical activity and non-exercise activity thermogenesis  
23. Spontaneous physical activity (SPA) is a term used to describe all body movements 

associated with activities of daily living, change of posture and ‘fidgeting’22
.  SPA 

accounts for a between individual variation in energy expenditure of ± 15% and has been 
shown to be highly reproducible within individuals, a familial trait and to significantly 
correlate with free-living TEE measured by DLW23;24;24. SPA displays an inverse 
relationship with future weight gain23 and it has therefore been described as a putative 
obesity subphenotype24. It has been argued that because SPA has only been quantified 
within a calorimeter it cannot be regarded as a component of free living TEE in its own 
right in comparison to BMR and the thermic effect of food (TEF, see paragraph 35). It is 
described as “a useful paradigm to quantify an individual’s propensity to locomotion 
under standardized conditions” 24.  

 

24. Non-exercise activity thermogenesis (NEAT) is another term used to describe the 
additional energy expenditure attributable to spontaneous physical activities other than 
volitional exercise, during everyday activities25.  Like SPA, NEAT has been implicated in 
energy balance regulation following observations in overfeeding studies that subjects 
exhibiting high levels of NEAT25 displayed a resistance to fat gain. More recently 
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however the term NEAT has been applied by the same author to all ambulatory activity, 
apart from specific sports, including relatively high level exertion activities such as 
dancing26, and with walking identified as the predominant component. In this context, 
NEAT ceases to be an appropriate term since easily identifiable exercises have been 
included. 

 

25. Although both SPA and NEAT may be used to describe “fidgeting” in popular parlance, 
they are each likely to involve a much wider range of behaviours influencing energy 
expenditure. Thus SPA as an “individual’s propensity to locomotion24” is likely to exhibit 
itself in terms of the involuntary choices between low and high expenditure activities 
which are a continuous feature of daily living (for example, standing or walking up 
escalators, using lifts or stairs). In this report the term SPA, rather than NEAT, will be 
used in the wider sense to represent spontaneous physical activity which can occur within 
any domain. As such, SPA is potentially quantifiable as the technology for measuring 
movement and activity improves. 

 
26. SPA, with its potential magnitude, and large between-individual but small within-

individual variation, represents a behavioural phenotype which is likely to significantly 
influence individual energy expenditure independently of lifestyle categories.  

The physical activity level (PAL) 
27. A detailed discussion of PAL is provided in Appendix 2, an overview is given here.  

Twenty four hour TEE is a complex function of weight, age, gender, lifestyle and 
behavioural phenotype, but can be simplified and expressed as the ratio of TEE to BMR. 
This is defined as the physical activity level, PAL, or the physical activity index, PAI.  
PAL is therefore an index of 24h TEE adjusted for BMR, and is theoretically independent 
of those factors influencing BMR (weight, age and gender), at least as a first 
approximation. In the present context, PAL is important because it can be used to predict 
TEE and hence energy reference values as PAL x BMR. 

 
28. PAL values are best estimated from direct measures of 24h TEE and BMR. Such 

measurements  in free-living populations have indicated that PAL can range from <1.3 in 
immobile subjects to between 3-4.7 for limited periods of time in soldiers on field 
exercises and elite endurance athletes or Antarctic explorers15;27.  Within the general 
population, however, the overall range of PAL values for individuals in energy balance, 
leading sustainable lifestyles, is between 1.38 for the most sedentary to 2.5 for the most 
active14;28-32.  A change in lifestyle will change an individual’s PAL value by reasonably 
predictable amounts. For example, an additional 30 minutes of moderate intensity activity 
five times a week, as currently recommended for adults in the UK, will raise PAL by 
about 0.15 units (see Appendix 2 for details).  

  
29. In previous reports, including COMA (1991)1 the duration and energy cost of individual 

activities (as PAR or MET values) has been summed to provide factorial estimates of 
PAL1;13,20;33 . A comprehensive summary of all published PAR values for a wide range of 
different physical activities for adults was recently compiled34.   

 
30. The factorial prediction of PAL assumes that overall energy expenditure within the 

general population can be predicted using information derived from activity diaries or 
lifestyle questionnaires. However, there is little evidence that this can be done with 
sufficient accuracy for several reasons.  
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31.  Firstly, for most lists of activities used to identify lifestyle categories, individual 
activities are only defined in general qualitative terms. Consequently, there can be large 
inter-individual variations in the energy expended for each activity. In part this is due to 
variation in activity intensity resulting from variation in fitness measurable as VO max

35. 
Also, such listed energy costs may or may not account for TEF or EPOC.  

 
32. Secondly, factorial estimates generally assume that time not allocated to activities is 

occupied by basal energy expenditure and take no account of spontaneous physical 
activity28. Indeed, the potential for some spontaneous physical activity throughout the 
range of defined activities adds to the uncertainty that their energy costs can be predicted. 

 
33. The extent to which factorial estimates of PAL will be in error has not previously been 

systematically evaluated. However, an examination of this question in Appendix 1, in 
terms of the DLW-derived TEE literature, identifies considerable evidence that 
classification of individual lifestyles is a poor predictor of PAL. 

 

34. In this report, factorial predictions of PAL values for specific lifestyle categories have not 
been attempted due to the likely error in estimating actual TEE from listed PAR values of 
activities and the phenomenon of behavioural phenotypes with very variable rates of 
energy expenditure. Instead, values for PAL for children, adolescents and adults have 
been identified from an analysis of the available TEE literature judged to be appropriate 
for the UK population (see paragraphs 74 and 128-135).  

Other components of energy expenditure 

Thermic effect of food 
35. The thermic effect of food (TEF) or heat increment of feeding can be attributed to the 

metabolic processes associated with ingestion, digestion and absorption of food, and the 
intermediary metabolism and deposition of nutrients.  TEF varies mainly according to the 
amount and composition of dietary macronutrients (see paragraphs 48-51) and is usually 
assumed to account for 10% of energy intake36. This means that for any individual the 
energy used in TEF varies in absolute terms according to overall rates of energy intake, 
and will usually be greater than 10% of BMR over a 24 hour period in individuals eating 
a mixed diet.   

Growth 
36. Physical growth involves an increase in both the size and complexity of body structure, 

occurring under genetic and endocrine regulation in the presence of adequate nutrient 
supply.  During growth, organs and tissues do not grow at a uniform rate37, e.g. in the 
full-term newborn the brain represents about 12% of body weight, but in the adult is 
about 2%.  Energy is deposited into new tissues and expended during the synthesis of 
growing tissues.  The energy required for growth is highest in the first 3 months of life 
when it accounts for about 35% of energy requirements, by 12 months of age this has 
fallen to about 3%38.  The energy cost of growth remains low from one year of age to 
mid-adolescence, then increases slightly during the adolescent growth spurt; by the late 
teens the amount becomes very small39. 

 
37. Changes in relative organ size influence both energy and protein metabolism.  The rate of 
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protein synthesis per unit of body mass proceeds at a high rate in the neonate and declines 
throughout infancy.  High protein turnover contributes to the relatively high energy 
requirement of the newborn.  Gender differences in body composition become more 
apparent after puberty.  The developmental aspects of body composition and whole body 
metabolism affect the energy cost of growth40;41.   

 

Pregnancy and lactation 
38. During pregnancy, there are energy requirements for placental and fetal growth and for 

the growth of maternal tissues, e.g. uterus, breast and adipose tissue triglycerides.  In 
addition to these growth costs, there are the increased energy costs from changes in 
maternal metabolism and a larger tissue mass, along with an increased energy cost of 
movement, particularly for weight bearing activities after 25 weeks42. 

  
39. During lactation, energy is lost as secreted milk and expended in producing the milk.  Fat 

reserves that accumulate during pregnancy provide a variable proportion of this 
requirement43.  

 

40. The TEE during growth, pregnancy and lactation does not include the energy content of 
any tissue laid down at this time or milk produced; these are estimated from analysis of 
tissue deposition and milk secretion.  The TEE, however, does include the energy 
required for new tissue synthesis or milk production. 

 

Food energy 
 
41. Ingested food contains chemical energy in the form of carbohydrate, fat and protein, and 

alcohol. The maximum amount of food energy available from a food can be determined 
by measuring the heat released after its complete combustion to carbon dioxide and water.  
This is the gross energy (GE), but not all GE is available for human metabolism.  

 
42. Available energy is defined as metabolizable energy (ME) and the ME value of a food or 

diet can be measured as the difference between energy intake and losses in faeces and 
urine (and a small amount in sweat). Energy losses in faeces mainly represent incomplete 
digestion while energy losses in urine and sweat are primarily due to the urea content 
which represents the incomplete catabolism of protein.  

 
43. The ME content is the value quoted as the energy content of foods on food labels and in 

the UK food composition tables44. The ME content of a given food can be calculated from 
the amounts of protein, fat, carbohydrate and alcohol in the food (determined by chemical 
analysis) using energy conversion factors (see Table 1). These conversion factors are 
estimates of the energy content of each macronutrient and alcohol and have been rounded 
for practical purposes. Alternatively UK food composition tables, which are based on 
analytical data, can be used to estimate the ME content of a wide variety of commonly 
consumed foods.  

 
44. Some ME is utilized as a result of the thermic effect of food45 (see above).  The extent of 

this varies with the type of food ingested, but specific amounts are associated with amino 
acid metabolism, alcohol metabolism and the microbial fermentation of otherwise 



Draft SACN Report on Energy Requirements   

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily 
represent the final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

17

unavailable carbohydrate.  Energy lost via TEF may be subtracted from ME, resulting in 
an expression of the capacity of food energy to fuel metabolic work or for conversion to 
stored energy. This is termed the net metabolizable energy (NME)46.  While the ME and 
NME values are the same or similar for available carbohydrate and fat, NME values are 
lower for protein, alcohol and fermentable non-starch polysaccharides. 

 

45. The body is able to capture some of the chemical energy from food through cellular 
metabolism, resulting in the generation of an intermediary chemical form, adenosine 
triphosphate (ATP).  ATP acts as an energy source for cellular processes mainly through 
phosphorylation of proteins and other intermediates and is regenerated from ADP using 
the energy in food.  Cells require chemical energy for three general types of tasks: 1) to 
drive metabolic reactions that would not occur automatically; 2) for the transport of 
substances across cell membranes especially against a concentration gradient; and 3) for 
mechanical work, e.g. muscle contraction.  Energy is also released as heat both in the 
formation of ATP and during its use in these metabolic processes, and this maintains 
body temperature. Food energy can also be directly converted to heat if the oxidation 
pathway is uncoupled from the ATP-producing process.  

 

46. FAO/WHO/UNU reviewed the case for the use of NME in place of ME values46.  While 
it was recognised that NME represents the biological ATP-generating potential of foods, 
it was recommended that, for the present, the ME system should be retained.  The 
Working Group endorses the FAO/WHO/UNU recommendation, that the ME system 
should continue to be used and, at this time, the NME system should not be adopted. 

 

Energy yields from substrates 
 
47. The unit of energy in the International System of Units (SI) is the joule (J) and is the 

energy expended when an object is moved one metre by a force of one newton in the 
direction in which the force is applied.  A newton is the SI unit of force and one newton 
will accelerate a mass of one kilogram at the rate of one metre per second. Nutrition 
scientists, physiologists and food scientists are concerned with large amounts of energy 
and the convenient units are the kilojoule (kJ = 103 J) and the megajoule (MJ = 106 J).  
The thermochemical calorie is equivalent to 4.184 J (1 kcal = 4.184 kJ).   

Fat 
48. The amount of energy yielded from fat in food varies slightly with the type of food, 

mainly according to the chain length and degree of saturation of constituent fatty acids in 
dietary triglycerides. It is generally assumed that the digestibility of all dietary fat is the 
same (≅95%). In practice because dietary fat incorporates a mixture of different fatty 
acids these differences are ignored and the metabolizable energy content of dietary fat 
(the general Atwater factor) is assumed to be 37kJ (9.0 kcal/g), i.e. equal to the digestible 
energy content at 95% of gross energy. 

Carbohydrate 
49. The amount of energy yielded from different carbohydrates in food varies according to 

the molecular form.  For the different forms of carbohydrate i.e. glucose, disaccharides 
and starch, the actual available energy content per unit weight is15kJ (3.6 kcal/g), 16kJ 
(3.8 kcal/g) and 17kJ (4.0 kcal/g) respectively.  FAO/WHO/UNU, however, has 
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recommended that when carbohydrate is expressed as monosaccharide equivalents, a 
conversion factor of 16 kJ/g (3.8 kcal/g) should be used, and when determined by direct 
analysis, it should be expressed as the weight of the carbohydrate with a conversion factor 
of 17 kJ/g (4.0 kcal/g); the latter value being an estimated average of the different forms 
of carbohydrate in food. 

 
 

Table 1.  Metabolizable energy (ME) conversion factors 44.  

 ME factors
 kJ/g kcal/g 
Fat 37 9.0 
Available carbohydrate expressed as 
monosaccharide 

16 3.8 

Fermentable non-starch polysaccharides 8 1.9 
Protein 17 4.0 
Alcohol 29 6.9 
 
50. Other carbohydrates may also provide energy.  Fermentation of non-starch 

polysaccharides in the colon results in the formation of short-chain fatty acids, some of 
which are absorbed into the blood stream and are used as energy.  A conversion factor of 
8 kJ/g (1.9 kcal/g) has been suggested46, as have conversion factors for organic acids (13 
kJ/g; 3.1 kcal/g), and polyols (10 kJ/g; 2.4 kcal/g).  The UK food composition table 
energy values only include carbohydrate expressed as monosaccharide44.  The COMA 
DRV report1 noted that diets rich in non-starch polysaccharides were associated with a 
lower apparent digestibility of fat and protein and that this apparent loss in available 
energy was similar to the net gain in energy intake from certain non-starch 
polysaccharides. 

Protein  
51. The amount of energy yielded from protein in food can vary according to both the quality 

and the digestibility of the protein. These differences can mean that the energy yield from 
some highly digestible animal proteins like egg may be 40% greater than for some less 
digestible plant proteins. Also, as discussed above in relation to the net metabolizable 
energy, the immediate metabolic fate of amino acids absorbed into the body includes 
deamination and other reactions which contribute to the thermic effect of feeding. 
However this energy loss is usually ignored. The metabolizable energy content of dietary 
protein (the general Atwater factor) is assumed to be 17kJ (4.0 kcal/g), a value which is 
slightly lower than the actual value for most animal proteins and higher than that for most 
plant proteins. Because dietary protein usually represents a mixture of several animal and 
plant protein sources the average energy yield will usually be close to the assumed ME 
content. 

Alcohol 
52. Alcohol oxidation starts rapidly after absorption, and alcohol is eventually completely 

eliminated by oxidation47;48.  Consumption of alcohol can modestly activate the hepatic 
de novo lipogenesis pathway, but acetate produced in the liver (by alcohol 
dehydrogenase) and released into plasma inhibits adipose tissue lipolysis, alters tissue 
fuel selection, and represents the major quantitative fate of ingested ethanol49.  The results 
from studies on the magnitude of the thermic effect of food (see paragraph 35) after 
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alcohol consumption vary, with reported values ranging between 9% and 28%47;50.   

Energy balance and storage 
 
53. Energy balance is achieved when metabolizable energy intake is equal to total energy 

expenditure, plus the energy cost of growth in childhood and pregnancy or the energy 
cost of milk production during lactation.  A positive energy imbalance occurs when 
energy intakes are in excess of these requirements while negative energy imbalance 
occurs when they are not met by intake.  

 
54. Energy intake needs to exceed total energy expenditure during growth, pregnancy and 

lactation when new tissues are being laid down or milk produced.  In other circumstances, 
the energy is stored. Triglycerides within adipose tissue act as the body’s major energy 
store.  Some energy is also stored in liver and skeletal muscle as glycogen. The amount of 
energy stored in the adipose tissue of a healthy adult of normal weight is equivalent to 
approximately one month’s energy requirements51.   

 
55. Short-term, day to day energy imbalances are accommodated by the deposition and 

mobilisation of glycogen and fat. Positive and negative energy imbalances occur in the 
short term in free living individuals, so, in terms of weight regulation, it is important to 
consider the overall energy balance over a prolonged period of time.  

 
56. Chronic negative energy imbalance results in the utilization of stored energy from 

triglyceride in adipose tissue and protein in muscle and viscera since glycogen stores are 
limited. Chronic positive energy imbalances are mostly accommodated by the deposition 
of adipose tissue triglycerides, together with a small but fixed ratio of lean tissue51.  Thus 
an individual in chronic positive energy imbalance stores excess food energy mainly as 
triglyceride and to a lesser extent protein.  Muscle and liver glycogen stores are modest 
and have a limited capacity; whereas, the capacity of the body to store triglycerides in 
adipose tissue is substantial.   

Methodologies for estimating energy reference values 
 
57. As previously discussed (paragraph 15), reported energy intakes consistently under-report 

and are systematically biased towards underestimation.  Consequently, estimation of 
energy reference values from reported intake has been discarded in favour of approaches 
measuring energy expenditure. 

 

58. Measurement or prediction of total energy expenditure (TEE) provides a physiological 
measure of the energy requirement at energy balance. For infants, children and pregnant 
and lactating women there are additional energy needs. These are energy deposited in 
new tissue, in the products of conception and in breast milk secreted by the mother, and 
the energy expended in the synthesis of these components. The latter costs will be 
included in TEE measured in these population groups but provision must be made for 
energy deposition costs which are added to TEE to provide overall energy requirements.  

Measurement of total energy expenditure 
 
59. There are several approaches used to measure total energy expenditure.  Short term 
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measurements under highly defined conditions can be made by calorimetry. The most 
accurate is direct calorimetry which measures the rate of heat loss from the subject to the 
calorimeter.  Indirect calorimetry, the most commonly used approach, measures oxygen 
consumption and/or carbon dioxide production from which total energy expenditure is 
calculated using standard formulae such as the Weir equation.  

 

60. The components of TEE (e.g. BMR, PAEE) can be measured separately using direct and 
indirect calorimetry. TEE can also be measured with large walk-in calorimeters, although 
the necessary confinement of subjects limits this to short periods, most often 24 hours. 
The information provided by these approaches is accurate and has provided the energy 
costs of different physical activities (as discussed in paragraph 21 and 22) and minimal 
daily rates of TEE. Free living activities cannot usually be measured by these techniques. 
Some non-calorimetric techniques can be used to predict free living TEE by extrapolation 
from physiological measures, the best example being heart rate monitoring52. These need 
first to be calibrated against direct or indirect calorimetry before TEE can be calculated 

 
61. The doubly labelled water (DLW) stable isotope technique is generally recognised as the 

most accurate measure of free-living TEE currently available and is discussed in detail in 
Appendix 1. This approach enables TEE to be measured in free-living subjects over a 
period of several days to several weeks; other non-calorimetric methods, e.g. heart rate 
monitoring, provide less accurate measures52.  The DLW technique in a sense applies the 
principles of indirect calorimetry in that it determines the rate of carbon dioxide 
production, which can be used to calculate TEE.  An estimation is made of the energy 
equivalent of carbon dioxide calculated on the basis of the relative contribution of the 
macronutrients to carbon dioxide production (food quotient, FQ; usually assessed from 
food intake measures). Whilst the DLW method is the best available, it relies on a series 
of assumptions which inevitably lead to errors and undermine the accuracy of the 
predicted TEE values.  There are also concerns regarding recruitment bias since people 
who are willing to participate in DLW studies may not be representative of the population 
as a whole. 

 
62. In the UK it has been noted that people agreeing to take part in the DLW studies 

conducted as part of the NDNS tend to be more active than those who do not, despite the 
random recruitment protocol.  It is unclear whether this phenomenon also occurs in other 
DLW studies, however, if this is the case, the derived TEE values and hence energy 
reference values may be overestimated. 

Predicting BMR  
 

63. There are a variety of prediction equations described in the literature and different authors 
identify different equations in their published work especially in the US and Europe. 
Within the UK COMA (1991) and for FAO/WHO/UNU reports, the Schofield equations 
have primarily been used53-55. These are a series of predictive equations for BMR based 
on body weight, age and gender, the latter two factors being the main determinants of 
body composition in terms of the proportion of the fat free mass. They are derived from 
an analysis of a compilation of calorimetric measures of BMR values and anthropometric 
data.  These predictive equations, slightly modified, form the basis for FAO/WHO/UNU 
energy requirements for adults13 and modified versions were used for the previous UK 
EAR for energy in children aged 3-18 years and adults1.   
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64. The dataset upon which the Schofield predictive equations for BMR were based was 
mostly compiled from results in West European and North American subjects, with 
almost half being Italian subjects in whom BMR was estimated using a closed circuit 
method1 in the 1930s and 1940s57.  Questions have been raised about the applicability of 
these equations to all population groups and an alternative more comprehensive database 
has been assembled and analysed from which a new set of equations have subsequently 
been derived, i.e. the Henry equations57 (see Appendix 3).  Although the Schofield and 
Henry prediction equations result in only small differences for children or adults, a recent 
assessment of the validity of different predictive equations for BMR in adults found the 
Henry prediction equations to be the most accurate58.  In this report the BMR prediction 
equations published by Henry57 are therefore recommended.  A more detailed discussion 
of the reasons supporting this decision is provided in Appendix 3.  

 

Calculation of energy requirements 
 
65. The factorial approach to estimating energy requirements originally proposed by 

FAO/WHO/UNU in 1985, adopted by COMA 1991 and by the most recent  
FAO/WHO/UNU13 report for calculating energy requirements of  adults, involves the 
prediction of TEE as PAL x BMR. As described above, BMR is predicted from 
anthropometric measures. These reports were based on the assumption that values for 
PAL can be estimated from time-allocated lists of daily activities expressed as PAR 
values (see paragraph 21). With information about PAL values for specific lifestyles and 
types of daily activities, appropriate PAL values can then be assigned to particular 
population groups. Given the reservations expressed about predicting PAL by factorial 
estimates (see paragraphs 30-34 and Appendix 2), for this report, only measured values of 
TEE will form the basis of determining energy reference values. In this case there are two 
potential analytical approaches.  

 
66. The first approach is to use measured TEE directly to derive regression equations which 

describe how TEE varies as a function of anthropometric variables (such as weight and 
height) for defined population groups. The regression equation can then be used to predict 
TEE and resulting energy reference values for any group on the basis of their 
anthropometric variables.   

 
67. The second approach involves dividing measured TEE by BMR (measured or predicted) 

to extract PAL values. This means that the reference populations studied by DLW are 
described primarily by PAL values. These PAL values are then used in a factorial 
prediction of TEE as PAL x BMR. 

                                                 
1 The methods available to measure BMR may be divided into two types; closed and open circuit methods.  In 
the closed circuit indirect calorimetry method, the subject breathes in and out of a closed system, commonly a 
spirometer, which is sealed to room air.  Oxygen, or a mixture of oxygen and nitrogen, is supplied to the 
spirometer at the rate at which it is consumed.  Thus the rate at which oxygen is delivered is the same as oxygen 
consumption. Heat production may be estimated from oxygen consumption alone (Weir, 1949), in which case 
the carbon dioxide produced by the subject is absorbed, for example by soda lime within the closed breathing 
circuit.  Alternatively, weight gain of the carbon dioxide absorber may be used to derive carbon dioxide 
production using this method. (From: Consensus in Clinical Nutrition56) 
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Predicting TEE with regression equations  
 
68. The analysis of TEE as a function of its potential predictor variables (weight, age and 

gender) by multiple regression techniques would seem a logical progression from the 
accumulation of reliably estimated measures of free-living TEE, especially by the DLW 
method59.  In practice, however, a major limitation to this approach has been the inability 
of TEE prediction models to account for variation in PAEE, which is an important source 
of variation in TEE.  

 

69. From first principles it would not be expected that variation in PAEE could be predicted 
from anthropometric variables. Although for many specific physical activities, mainly 
ambulatory locomotion, their energy cost will be a function of weight, the duration and 
intensity of PAEE is not physiologically related to anthropometric variables in the same 
way as the BMR. Thus any between-individual or between group variation in duration or 
intensity of PAEE will be lost in a regression model involving just anthropometric 
variables. The regression equation will in fact predict values for TEE which contain a 
PAEE component comparable to the mean value observed at any given weight or age 
within the dataset used to generate the regression. It might be argued that because BMR 
and a body weight-dependent component of PAEE account for the major part of TEE, the 
inclusion of a single average value for PAEE for a population group is acceptable. In 
practice, in previous reports in which regression models of TEE have been used to predict 
energy requirements, special provision has been made to take account of the likely 
variation in PAEE within the population group described by the regression. The way this 
has been done is described below (see paragraphs 70 and 71). The exceptions to this are 
infants within the first year of life and preschool children. In each case, in some previous 
reports it has been assumed that variation in TEE through variable physical activity is of 
minor importance and that provision for this is not required. This has enabled simple 
prediction equations of TEE as a function of body weight with additions for growth to be 
used to predict energy reference values.   

 
 
70. The development of predictive equations for TEE from measured values forms the basis 

of the FAO/WHO/UNU13 report on energy requirements for infants, children and 
adolescents (but not for adults). Datasets were developed using TEE values from DLW 
studies for infants and DLW and heart rate monitoring studies for children and 
adolescents.  Mean study values weighted by the number of subjects were then used to 
derive the predictive regression equations. For children and adolescents the predicted 
TEE values were not used directly but used to predict PAL values. This was done by 
dividing TEE values from the regression with BMR values predicted as a function of age 
and weight. These calculated PAL values were assumed to represent activity levels for 
populations with “average” or “moderate” physical activity. Values for more (“vigorous”) 
or less (“light”), active lifestyles were calculated as average ± 15%. This allowed energy 
requirements to be calculated for the three lifestyles as PALxBMR. As indicated above 
(paragraph 65) FAO/WHO/UNU13 did not use regression equations for adults but adopted 
a factorial model of PAL x BMR.  

 

71. The 2005 US Dietary Reference Intake (DRI) values for energy20 for all age and gender 
groups are derived from prediction equations for TEE calculated by regression analysis of 
a DLW dataset of individual TEE values obtained, with ancillary data, directly from the 
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investigators of each study.  However unlike the FAO/WHO/UNU report, variation in 
physical activity was accommodated within the regression by designating an activity 
constant for each individual.  Thus prior to the regression, the PAL value was calculated 
from TEE and the BMR for each individual TEE value in the dataset. This allowed each 
subject to be assigned one of four physical activity constants representing a predefined 
PAL range (sedentary, low active, active, very active).  In this way gender-specific 
regression equations for the prediction of TEE were identified based on age, weight, 
height and physical activity categories. In practice these equations differ little from 
prediction equations of the form BMRxPAL with four values of PAL identified for the 
four activity ranges. 

 

Predicting TEE from measured PAL values 
 
72. As detailed above, previous dietary energy reference reports have recognised the need to 

include a variable physical activity factor in the calculation of TEE and energy reference 
values. Whilst not all experts have embraced the BMR x PAL approach59 (see Appendix 
2), no satisfactory alternative has yet been identified. 

  
73. There are two major considerations in the practical application of this approach: 1) 

identifying suitable PAL values appropriate for groups and populations; and 2) utilizing 
this information to derive energy reference values. 

 
74. PAL values can be calculated from measurements of DLW-derived TEE largely obtained 

from UK populations and comparable populations in the US and other developed 
countries over the last 20 years. With few exceptions, published DLW studies involve 
small numbers of healthy subjects reported to be engaged in activities representative of 
the general population at that time. Data from these studies can be combined to derive 
best estimates of PAL values for the population on the basis of age and gender. Questions 
remain however regarding how representative these values are of the current UK 
population (see paragraph 62).  An alternative is to make use of large population studies 
which can be assumed to be representative of the UK population. In this report a 
combined analysis of all published studies has been used to identify PAL values for 
children and adolescents.  For adults, individual values from two large population-based 
studies of TEE measured using DLW have been used.  Both the OPEN study (n=451)60;61 
and the Beltsville study (n=476)62  recruited healthy volunteers from Washington DC and 
were judged to be representative of the US population on the basis of the demographic 
characteristics, which are also considered similar to the current UK population.  A 
detailed consideration of the OPEN and Beltsville studies is provided in paragraph 131 
and Appendix 10. 

 

75. Suitable PAL values can be used to update and improve tables of PAL value ranges for 
the various ages and lifestyle groups identified in previous reports, allowing energy 
reference values to be calculated for such groups. However the marked between-
individual variation in PAL which seems to occur independently of any predictable 
lifestyle makes the selection of an appropriate PAL value unreliable. The alternative 
approach is to evaluate the distribution of PAL values, with medians and centile ranges of 
PAL values identified for the population as a whole. This allows energy reference values 
to be framed against such distributions, in effect substituting PAL distributions for PAL 
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values defined in terms of lifestyle. Thus energy reference values can be defined for the 
average as well as for those likely to be more or less active than the average. Although 
this means that only three activity groups within the population are identified by PAL 
values, the Committee considered it unrealistic to judge PAL values more finely. 
However additional information on the change in PAL with specified additional activity 
will allow calculation of the probable additional energy intakes required to support such 
activities.  

 

Factors affecting energy expenditure  
 
76. A detailed discussion of factors affecting energy expenditure can be found in Appendix 4, 

a summary is given here.  Physical activity is considered in Appendix 5.   
 

Body size and composition 
77. Basal and total energy expenditure are related to body size.  Both height and weight are 

important independent determinants of energy expenditure.  In general, larger people 
have more tissue mass than smaller people and therefore have a higher BMR.  In infants, 
children and adolescents, there is an increase in BMR with age, due to growth and 
increasing tissue mass, although the changing relative organ sizes in early life 
complicates the relationship between body weight and BMR.   

 
78. After adjustment for body size, inter-individual variation in BMR and RMR is mainly 

determined by variation in the metabolically active tissue mass of the body, termed fat-
free mass (FFM; the non-fat component of body composition comprising muscle, bone, 
skin and organs).  The fat component of the body is termed fat mass (FM) and varies 
considerably between individuals in terms of the absolute amount.  The differences 
observed in energy expenditure with gender, age and ethnicity, after adjustment for body 
size, are mainly accounted for by differences in body composition, i.e. FFM (see 
Appendix 4 for further discussion). 

 
79. In individuals with higher percentages of body fat composition, an effect on the 

mechanical efficiency of movement can increase the energy expenditure associated with 
certain types of activity.  However on a population basis for adults up to a moderate level 
of fatness (i.e. overweight, but not obese), such influences of fatness on activity-specific 
energy expenditure are generally ignored63.  

 
80. The increasing body size of overweight and obese individuals increases both FM and 

FFM and the absolute BMR64;65  although the weight specific BMR declines with 
increasing body fatness64.   

Genetic variation 
81. While many studies have investigated the role of genetic variation on energy expenditure 

there have, as yet, been no clearly established relationships between specific gene variants 
and energy expenditure.  For example, a number of studies have investigated the 
association between the mitochondrial uncoupling protein gene variants and energy 
expenditure, but results have been equivocal. 
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Hormones 
82. Several hormones, e.g. sex hormones, thyroid hormone, adrenaline and leptin, may affect 

energy expenditure and have been implicated in the regulation of energy balance.  
Pharmacological agents, such as glucocorticoids, amphetamines and some anti-obesity 
drugs have all been shown to increase energy expenditure, while opiates and barbiturates 
can decrease it.  Smoking acutely increases resting energy expenditure to a small extent 
(e.g. a 3.3% increase in RMR over a 3 hour measurement period66). 

 

      Illness 
83. The effect of illness on energy expenditure is discussed in more detail in Appendix 6.  In 

patients with a range of conditions, infective, degenerative, malignant, traumatic, 
congenital and others, TEE is usually normal or reduced, partly because of a reduction in 
body weight and fat-free mass (FFM) as a result of disease-related malnutrition or 
neurological causes of wasting, and partly because of reduced physical activity.  The 
latter compensates for any increase in BMR, which is common in acute diseases.  There 
are some exceptions, such as subgroups of patients with cystic fibrosis, anorexia nervosa, 
and congenital heart disease, where TEE has been reported to be increased67.   

 

Ambient temperature  
84. Body temperature is tightly regulated in order to maintain cell function.  A component of 

this regulation relies on variation in energy expenditure. Differences in environmental 
temperature affect energy expenditure and have been shown to account for about 2-5 
percent of the variation in TEE.  Indoor temperatures, however, are typically controlled to 
remain relatively constant and individuals adjust their clothing to create a relatively 
constant thermal microenvironment, so in reality, ambient temperature has a minimal 
effect on energy expenditure.  A detailed consideration is given in Appendix 3. 

 

Obesity 
 
85. Obesity results from a long-term positive energy imbalance.  Its increasing prevalence 

must reflect temporal lifestyle changes, since genetic susceptibility remains stable over 
many generations, although inter-individual differences in susceptibility to obesity may 
have genetic determinants (see paragraph 97)68.  

 
86. Body Mass Index (BMI) (kg/m²) is often used as a convenient measure of adiposity, with 

recognised limitations.  It has been used since the 1960s to assess obesity in adults69 and 
more recently in children70;71.  While BMI is a good measure of weight independent of 
height, it fails to distinguish between adipose and non-adipose body mass.  When used as 
a proxy for FM or adiposity, assumptions are made about absolute and relative body 
composition, which may not be valid.  BMI fails to reflect body shape, and hence fat 
distribution, and is not strongly related to central adiposity, which is considered the most 
harmful to health72.   

 
87. In adults, underweight is defined as BMI less than 18.5 kg/m2, overweight is defined as 

25 kg/m2 to less than 30 kg/m2 and obesity is defined as 30 kg/m2 or more73.  Insufficient 
energy intakes are uncommon in healthy free-living individuals in the UK and do not 
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generally arise from insufficient food supplies, but from accompanying physical or 
psychological diseases.  In the 2007 Health Survey for England (HSE), 1.6% of adults 
were classed as underweight.  The 2003/5 Low Income Diet and Nutrition Survey also 
found the prevalence to be low in adults living in low income households (2% of both 
men and women)9. In contrast, there is a high prevalence of overweight and obesity in the 
population resulting from a chronic excess of dietary energy intake over energy 
expenditure.   
 

88. In children, BMI measures require cautious interpretation when comparing across groups 
that differ in age or when predicting a specific individual's total or percent body fat74.  
Children of the same age and gender have been shown to have a two-fold range of fat 
mass for a given BMI value, which is also observed in those who are obese75.  BMI 
normally changes during growth and this requires careful interpretation through the use of 
appropriate references or standards for age and sex.  In the UK the "UK 1990" growth 
references76 were used until 2009 for all children up to 18 years of age.  From May 2009, 
for children aged between 0-4 years of age, new standards are being used based on the 
WHO Multicentre Growth Standards77.  For the purpose of population monitoring, 
children with a BMI over the 85th centile for age of the reference population are 
categorised as overweight and those with a BMI over the 95th centile for age as obese78.  
In UK clinical practice, however, children over the 91st centile for the reference 
population are categorised as overweight and those over the 98th as obese79.  Further 
thresholds have been proposed for the purpose of international comparison80; these allow 
estimation of the proportion of children at each age expected to exceed a BMI of 25 or 30 
at the age of 18 years.  The use of different definitions that are not directly comparable 
can lead to difficulty in interpreting different surveys or studies of childhood obesity.  
 

89. Tables 2 and 3 show the estimated prevalence of overweight and obesity in England 
among children (aged 2-15 years) and adults, between 1995 to 2007 (HSE, 200981) on the 
basis of the UK 1990 BMI growth reference76.   

 

90. In 2007, 31% of boys and 30% of girls were overweight or obese (see Table 2).  Obesity 
(as defined by a BMI over the 95th centile for age) increased from 11 % and 12% in 1995 
to 17 % and 16%, in boy and girls respectively.  Despite the overall increase since 1995, 
the proportion of girls aged 2 to 15 who were obese decreased from 18% to 15% between 
2005 and 2006 and was 16% in 2007.  There was no significant decrease among boys 
over that period, with 17% classed as obese in 2006 and 2007. 

 
91. In 2007, an estimated 24% of men and women were obese; an overall increase from 15% 

in 1993. 65% of men and 56% of women were overweight and obese (see Table 3).   
Between 1993 and 2007, the proportion of normal weight adults decreased, the proportion 
overweight remained similar, while the proportion obese increased.  The proportion of 
morbidly obese adults doubled over the same time period.  In a comparison of the HSE 
between 1993 and 2003, both BMI and central adiposity (waist circumference) increased 
more in the upper part of the distribution, with intermediate increases in the middle and 
little change at the lower end of the distribution82.  The observed temporal gains in central 
adiposity were not equivalent across the BMI distribution.  Thinner people were almost as 
thin as they were 10 years earlier, but fatter people were considerably fatter. 

 
92. In the 2003 Scottish Health Survey83, 65% of men and 60% of women were either 

overweight or obese. Men were more likely than women to be overweight (43% vs. 34%), 
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but women were more likely than men to be obese (26% vs. 22%), or morbidly obese 
(3.4% vs. 1.6%).  The proportion of adults who were either overweight or obese increased 
significantly between 1995 and 2003, from 56% to 64% in men, and from 47% to 57% in 
women.  The proportion that was morbidly obese more than doubled in this time.  The 
prevalence of obesity in boys was 18% overall, ranging from 10% at age 2-4 years to a 
peak of 22% at age 11-12 years.  The prevalence of obesity in girls was 14%, ranging 
from 10% aged 2-4 years to 16% aged 8-10 years.  There was an increase between 1998 
and 2003 in boys in the prevalence of overweight including obesity (from 29% to 35%) 
and of obesity (from 14% to 18%) but no change for girls. 

 
93. In the Health Surveys for Scotland and England objective measures of the weight and 

height of subjects are made, but the respective Health Surveys for Wales and Northern 
Ireland use self-reported measures, and are, therefore, less accurate. 

 
94. In the 2007 Welsh Health Survey84, 62% of men were classified as overweight or obese 

compared with 51% of women.  In men 42% were overweight and 20% obese, while in 
women 31% were overweight and 21% obese.  In children, 36% were estimated to be 
overweight or obese, including 20% obese. 

 
95. The 2005/6 Health and Social Wellbeing Survey in Northern Ireland85 observed 64% of 

men and 59% of women to be either overweight or obese.  In men, 39% were overweight 
and 25% obese, while in women 35% were overweight and 24% obese.  In boys, 18% 
were overweight and 20% obese and in girls 16% were overweight and 15% obese. 
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96. Obesity increases the risk for a number of diseases (see Table 4 for an overview).   
 
Table 4.  Summary of associations observed in prospective studies between obesity and 
subsequent ill health 86. 

Association for increased risk Disease outcome 
Relative risk >3 Type 2 diabetes 
 Insulin resistance 

Hypertension 
 Dyslipidaemia 
 Breathlessness 
 Sleep apnoea 
 Gall bladder disease 
  
Relative risk about 2-3 Coronary heart disease or heart failure 
 Osteoarthritis (knees) 
 Hyperuricaemia and gout 
 Complications of pregnancy, e.g. pre-eclampsia 
  
Relative risk about 1-2 Cancer, e.g. oesophagus (adenocarcinoma), 

colorectum, breast (postmenopausal), endometrium 
and kidney87;88 

 Impaired fertility/polycystic ovary syndrome 
 Low back pain 
 Increased risk during anaesthesia 
 Fetal defects associated with maternal obesity89 

Genetics of obesity 
97. Many studies have examined possible hereditary factors predisposing to human obesity that 

influence energy expenditure.  It is notable however that, thus far, all monogenic defects 
identified as causing human obesity disrupt hypothalamic pathways and have an effect on 
satiety and food intake90.  Genome-wide association studies have shown genetic variation in 
the FTO gene (a 2-oxoglutarate-dependent nucleic acid demethylase gene91) to be associated 
with fat mass and obesity across multiple populations92-97, although only accounting for a 
small amount of the variation.  In 13 cohorts, with a total of 38,759 participants from the UK 
and Finland, the 16% of adults who had the AA genotype for the FTO gene weighed about 3 
kg more and had a 1.67 fold increased odds of obesity compared with the non-carriers (TT 
genotype)94.  The genetic variation in the FTO gene has also been implicated in appetite 
control98-101, but not energy expenditure, after adjustment for body size100;102;103.  The 
association between FTO variants and obesity has been observed to be reduced in those who 
are more physically active104 and accentuated in those who are less physically active105.  
Inter-individual differences in susceptibility to obesity, therefore, may be determined, in part, 
by genetic variants impacting on appetite control in the presence of environmental exposures.   

 
 

The influence of physical activity and diet on the regulation of body weight 
 
98. See Appendices 7 and 8 for a detailed discussion.  A summary of the main points from these 
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sections is given here. 
 
99. Body fat is gained when energy intake exceeds total energy expenditure over time.  PAEE is 

the most variable component of TEE, and is amenable to modification, so changes in PAEE 
may affect risk of weight gain.   

 
100. Methodological constraints are a severe limitation in defining the role of physical activity 

in the regulation of body weight, e.g. studies and surveys mostly rely on subjective measures 
of reported physical activity.  Proxy measures of population-level physical activity trends 
suggest that changes in activity in domestic life, work and travel have coincided with the 
increase in prevalence of obesity.  A review of the available evidence from prospective 
cohort studies suggested that, on balance, increased physical activity and decreased sedentary 
behaviour may be protective against relative weight and fatness gains; however, the results 
were mixed and the associations that were identified were generally of a small magnitude106.  
Evidence from studies using objective measures of physical activity, especially DLW-
derived measures of PAEE, and trials of the primary prevention of weight gain is 
inconsistent.  The available data are insufficient for a definitive conclusion on how much 
physical activity is required to prevent unhealthy weight gain  

 
101. Methodological constraints are also a severe limitation in defining the role of diet and its 

composition in the regulation of body weight, e.g. limitations in the accurate assessment of 
dietary exposures and under-reporting.  Overall, the evidence of diet composition (the 
relative proportions of macronutrient and micronutrient densities or energy density) affecting 
risk of weight gain is weak.  A prolonged excess energy intake is, however, fundamental to 
weight gain and the development of obesity.  Household survey data (from the Expenditure 
and Food Survey, EFS) suggests that there has been a decrease in average daily energy 
intakes over the same time period in which there has been a large increase in the prevalence 
of overweight and obesity. Caution must be used in interpreting these temporal changes 
however since problems of under-reporting will be exacerbated during a time when the 
population has gained weight as this increases the proportion of participants likely to under-
report.  The instruments used to assess household consumption in these surveys are also not 
very accurate.  The NDNS, in which food consumption is measured at the level of the 
individual and under-reporting is considered, also shows average energy intakes to have 
decreased between 1986/7 and 2000/1.  On both occasions 7 day weighed diaries were used.  
This methodology is considerably more robust than that used in the EFS. 

 
102. Energy flux, as well as energy balance, needs to be considered.  It has long been 

hypothesised that the mechanisms controlling energy balance may be more sensitive in 
individuals with higher levels of physical activity, while in sedentary individuals there is a 
threshold of physical activity below which these mechanisms become imprecise leading to 
obesity107.  There is some indirect evidence that the coupling between energy expenditure 
and energy intake may be less at low levels of physical activity 108;109. 
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3 Approach used to derive energy reference values 

Summary of approach used by SACN to determine EARs  
 
103. The SACN Framework for the Evaluation of Evidence16 was used as the basis to identify 

and assess published evidence of total energy expenditure from which to estimate energy 
reference values.  The majority of studies identified were cross-sectional studies in healthy 
human populations of infants, children and adults and provided mean TEE values for the 
study population. Two large datasets of individual TEE values for adults were subsequently 
obtained from the USA, the OPEN and Beltsville studies (as described in paragraph 131 and 
Appendix 10).  Some prospective cohort studies were also found and any potential link 
between energy intake and risk of ill health has been mainly drawn from these.  Only studies 
using the doubly-labelled water (DLW) method to measure TEE were considered by the 
Committee as this represents the most accurate method for assessing TEE in free-living 
populations.  Priority was also given to studies in well-characterised populations (age, 
gender, weight, height or BMI etc) and where BMR (see paragraphs17, 63 and 64) had been 
measured directly rather than estimated from prediction equations.  Studies of extreme 
energy users, such as elite athletes, and those based on populations which were not 
representative of the UK (such as ethnic minorities not commonly seen in the UK) were 
given less emphasis. 

 

104. For adults aged 19 - 65 years and children aged between 3 - 18 years, SACN examined a 
number of different approaches to setting EARs. The Committee first explored regression 
modelling. Mean TEE values from the data set of DLW studies were used to develop 
regression equations of TEE against age, weight and gender for different age groups. 
However, as discussed above (see paragraphs 68-71) this approach is limited because of the 
inability of TEE prediction models to account for an important source of variation in TEE, 
namely PAEE.  As a result, the regression approach was abandoned in favour of the factorial 
model in which TEE is predicted from BMR x PAL (see paragraphs 65-67).   

 
105. BMR for children and adults is predicted with existing equations based on weight, height 

(in some cases), age and gender.  The PAL values for adults, as median, 25th and 75th 
centiles, are those calculated directly from individual TEE values reported in the OPEN and 
Beltsville datasets.  The PAL values for children >1 year are those calculated directly from a 
dataset of published DLW studies which were aggregated on the basis of study mean values.   

 
106. For infants, the Committee agreed that the reference values stated in the 

FAO/WHO/UNU report110 should be used due to a lack of new data.  Pregnant and lactating 
women were considered separately. 

 

Energy reference values for infants, children and adolescents  

Energy cost of growth 
 
107. TEE measured using the DLW technique includes the energy expended in tissue 

synthesis.  Thus only the cost of energy deposited in growing tissues should be considered 
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when calculating the energy reference values for infants, children and adolescents. For 
infants, such costs are relatively high and change during the first year of life (see paragraphs 
114 and 115 and Table 5).  The costs of energy deposited in growing tissue are therefore 
specifically identified as an addition to estimates of TEE. For older children and adolescents, 
growth costs are much less and can be accounted for by a simple adjustment to the factorial 
prediction of TEE from BMR x PAL.   

 

Infants 0 – 12 months of age 
 
108. The energy reference values presented for infants are derived from the values prepared by 

Butte110 for the FAO/WHO/UNU Expert Consultation13 in which energy requirements during 
infancy were estimated from TEE measured by the DLW method in healthy, well-nourished, 
non-stunted infants born at full term with adequate birth weight, and growing along the 
trajectory of the WHO reference standard. Estimates of energy deposition were based on 
measured protein and fat gains.  

Energy expenditure 
109. A simple prediction equation for TEE as a function of body weight was derived from a 

longitudinal study of TEE with DLW measures conducted at three month intervals for the 
first two years of life on 76 infants (40  breastfed and 36 breast milk substitute fed)38.  

 
TEE (MJ/day) = – 0.416 + 0.371 kg n = 320, r = 0.85, see = 0.456 MJ/day (109 kcal/day)   

 
110. This was very similar to the relationship between TEE and weight derived from an 

analysis of 13 published studies with DLW performed on a total of 417 infants aged 0-12 
months using the mean values for TEE and body weight110.   

 

111. Exclusive breastfeeding to the age of six months with continued breastfeeding as part of a 
progressively varied diet is recommended for all healthy infants77. The energy expenditure in 
breast milk substitute-fed infants has been shown to be higher than breastfed infants38;111;112, 
indicating differences in TEE between feeding groups over the first year of life that diminish 
thereafter; there are also differences in growth patterns between breast milk substitute-fed 
and breastfed infants77;113;114.   

 
112. TEE for breastfed and breast milk substitute fed infants may be predicted from body 

weight.  Due to the differences described above, separate regression equations for TEE as a 
function of weight were derived for these two groups110. The between individual CV of TEE 
among individuals ranged from 15 to 21% (18% average) or from 13 to 17% for TEE/kg 
(15% average).  The equations to predict TEE from body weight are as follows: 

 

 
 
TEE for breastfed infants: 
 
TEE (MJ/day) = 0.388 Weight (kg) – 0.635; standard error of estimate (SEE) = 0.453 MJ/day 
(108kcal/day) 
TEE (kcal/day) = 92.8 Weight (kg) - 152; SEE = 0.108 
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TEE for breast milk substitute-fed infants: 
 
TEE (MJ/day) = 0.346 Weight (kg) – 0.122; SEE = 0.463 MJ/day (110kcal/day) 
TEE (kcal/day) = 82.6 Weight (kg) - 29.0; SEE = 0.110 
 

113. Weights substituted in these equations were derived from the WHO growth standard115 
discussed below in paragraph 178. 

 

Energy deposition 
114. Growth costs were calculated as the deposited energy accrued during normal growth.  

These were estimated from a multi-component body composition model (total body water, 
total body potassium and bone mineral content)41  based on a modified version of Fomon’s 
term infant reference116 describing changes in body composition during growth. Estimates of 
protein and fat gain over 3 month periods were used to predict energy accrued per g weight 
gain which was then used to predict growth costs at monthly intervals. 

 
Table 5.  Energy content of tissue deposition of infants110  

Age interval (months) Protein gain (g/d) Fat mass gain (g/d) Energy deposited in growing 
tissues (kJ/g) 

Boys    
0-3 2.6 19.6 25.1 
3-6 2.3 3.9 11.6 
6-9 2.3 0.5 6.2 
9-12 1.6 1.7 11.4 
Girls    
0-3 2.2 19.7 26.2 
3-6 1.9 5.8 15.6 
6-9 2.0 0.8 7.4 
9-12 1.8 1.1 9.8 
Energy equivalents: 1g protein – 23.6kj (5.65 kcal); 1g fat = 38.7kj (9.25kcal)  
 
115. Using this model, the estimate of energy deposited in new tissue fell from about 26 kJ/g 

(6.3 kcal/g) at 0-3 months to about 10 kJ/g (2.3 kcal/g) at 9-12 months (see Table 5).  These 
values were applied to the weight velocities observed in the WHO Growth Standards for 
infants115 to estimate the rates of energy deposition at monthly intervals (see Tables 12 and 
13 for weight velocities).  These predictions of energy deposited during growth derive from a  
relatively small study by Butte et al 41 which was “validated” against other datasets110.  It is 
assumed that these values for the energy deposited in new tissue are appropriate for children 
growing according to the WHO weight velocity values, even though in the original study41 
the pattern of breastfeeding followed was not fully described and the growth of infants did 
not fully reflect the WHO growth trajectory115.  Also information is lacking on the extent of 
any differences in body composition during growth between breastfed and breast milk 
substitute-fed infants, although in the study by Butte et al41 no significant differences were 
noted. 
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Energy reference values for children and adolescents aged 1-18 years 
 
116. The energy reference values for boys and girls aged 1-18 years were calculated as TEE 

plus deposited energy costs using a factorial model BMR x PAL with PAL adjusted for 
growth in terms of a 1% increase (see paragraph 122). 

 

117. The BMR values for children and adolescents are predicted from the Henry prediction 
equations57 using mean weights indicated by the WHO growth standards115 (ages 1 to 2 
years) and the UK 1990 reference weights for ages 2 to 18 years (see Appendix 3 for details).  

Identifying PAL values 
 
118. PAL values were identified from an analysis of DLW measures of TEE. The objective of 

the analysis was to identify specific age ranges of children within which variation with age 
was less than variation between individuals. This would allow PAL to be defined for these 
age-range groups in terms of its distribution: i.e. as the median, 25th and 75th centile range 
values. The analysis also examined the need to identify gender-specific PAL values. 

 
119.  A data set was compiled of all published DLW studies of children aged >1 year (see 

Appendix 9 for details). All studies were tabulated according to mean values for boys and 
girls for specific age groups.  This resulted in 170 data points as study means representing a 
total of 3502 individual measurements (2082 females, 1420 males).  

 
120. For all studies which did not report BMR, BMR values were calculated from the Henry 

equations for weight and height or weight alone if no height was reported (see Appendix 3). 
PAL values were calculated from TEE and either the reported or calculated BMR values. 

 
121. The analysis revealed no influence of gender but an increase in PAL values with age as 

shown in Figure 2. From an early age, however, there was a wide range of study mean PAL 
values so that variation in PAL at any age was much greater than variation with age itself.  
As a result, three age groups were identified within which the distribution of PAL values 
could be identified: 1-3 years, >3-<10 years and 10-18 years. To some extent, these age 
ranges reflect important periods of growth and development which could influence behaviour 
and energy requirements. They also correspond to the age ranges within which BMR 
prediction equations have been generated for both the Schofield and Henry prediction 
equations. Median, 25th centile and 75th centile PAL values were identified for each of these 
groups and are shown in Table 6. 
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Figure 2.  PAL values for children and adolescents as a function of age. Median values for the 
indicated age ranges are shown  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Each point represents a single age group reported in a single publication or in publications 
which list mean values for each of several age groups. The publications from which the data 
points are derived and the mean values in Table 6 are listed in Appendix 9. 

 

 

Table 6.  PAL values for the age groups 1-3, >3-<10 and 10-18     

 Age PAL 

 
N mean sd Min Max mean sd Min 10th 

centile 
Q25 Median Q75 90th 

centile 
Max 

1-3 14 2.3 0.54 1.5 3.0 1.39 0.06 1.26 1.30 1.35 1.39 1.43 1.45 1.46 
>3-<10 85 7.0 1.87 4.0 9.3 1.56 0.14 1.21 1.35 1.42 1.57 1.69 1.77 1.98 
10-18 71 13.0 2.38 10.0 18.0 1.75 0.13 1.42 1.58 1.66 1.73 1.85 1.91 2.19 

 

Adjusting for growth 
 
122. Growth costs should be considered in terms of deposited energy since the metabolic cost 

of growth is part of the observed TEE. Deposited energy accounts for a relatively small 
overall proportion of the total energy needs of children at all ages after the first year of life 
(see Appendix 9). In the context of a factorial model of requirements the simplest approach is 
an adjustment of PAL, as suggested by FAO/WHO/UNU13, which in effect represents 
growth as a fixed proportion of the overall energy requirement. Growth costs calculated as a 

Children and adolescents age 1-18
PAL values: study means for boys and girls separately
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percentage of energy requirement are on average (1-16y), 0.98% (min=0.4%, boys, 0.05%, 
girls; max= 1.37%, boys, 1.59%, girls). A single average growth value calculated as 1% of 
energy requirements throughout the age range will result in maximum errors for the overall 
energy requirement during the peak growth phase for older children of an underestimate of 
0.6% energy requirement for girls or 0.4% for boys with an overestimate by similar amounts 
as growth slows at the end of teenage years. These were viewed as acceptable errors given 
the overall variation in PAL values between children. Growth costs were therefore accounted 
for by a 1% adjustment of PAL values for each age group and these adjusted values are 
shown in Table 7. 

 

Table 7.  PAL values for use in calculation of energy requirements of children and adolescents, 
adjusted for growth 

 
Age 

group 
PAL* 

 Q25 Median Q75 
1-<3 1.36 1.40 1.45 
3-<10 1.43 1.58 1.70 
10-18 1.68 1.75 1.86 

 
* PAL adjusted for growth (=PALx1.01) 

 

Calculating energy reference values  
 
123. Energy reference values can be calculated for boys and girls aged 1-18 years as adjusted 

PAL x BMR.  BMR values are calculated from mean weights indicated by the WHO growth 
standards115 (ages 1 to 2) and the UK1990 reference weights for ages 2-18 years. Growth-
adjusted PAL values representing the 25th, median and 75th centiles of the PAL distributions 
for each age group (1-<3, 3-<10 and 10-18), are then used to calculate energy reference 
values for boys and girls, for each year.  

Energy reference values for children outside the expected range of activities and the 
effects of additional physical activity on energy requirements 
 
124.  The energy reference values calculated from the adjusted median PAL value shown in 

Table 7 are the best estimates for children and adolescents with average levels of physical 
activity. Children with greater or lesser activity levels are likely to require more or less 
energy respectively and for these groups the 25th and 75th centile PAL values will be 
appropriate. The rationale for this is discussed in more detail below (paragraph 140).  

 
125. In children who change their activity pattern, by for example engaging in sporting 

activities for the first time, energy requirements will increase. Examples of how provision 
can be made for this are discussed below (paragraph 141). 

Energy reference values for adults 
 
126. The approach adopted for the determination of energy reference values for this age group 
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was to utilize a factorial model based on PAL x BMR with the PAL values identified from an 
analysis of suitable DLW measures of TEE. 

Predicting the BMR 
 
127. As already indicated there is a range of equations currently used to predict BMR. In 

1991, COMA used the Schofield equations57 to predict BMR values of adults1. The 
prediction equations of Henry57 represent the largest and most rigorously tested equations 
and these have consequently been used to calculate the BMR values for adults in this report 
(see Appendix 3 for details).  

Identifying PAL values 
 
128. The approach was to identify a dataset of DLW measures of TEE which could serve as a 

reference distribution of TEE and PAL values from which energy reference values for the 
UK adult population could be predicted. An initial survey of all published and other available 
DLW measures of TEE in healthy adults identified published studies which could be utilized 
in terms of study means.  Also considered were individual data points from: 

• a data set of individual values drawn from the NDNS (n=66) and Low Income Diet and 
Nutrition Survey (n=36), and  

• the DLW dataset (n=767) assembled for the US DRI report20 which includes most of the UK 
studies published up to the writing of that report.  

 
129. Subjects were not recruited to these studies explicitly as a representative sample of the 

UK or any other adult population, with the exception of the NDNS which randomly selects 
participants to be representative of the UK population while recognising that there may be 
recruitment bias (see paragraph 62). All of the studies included a wide range of BMI and a 
reasonable age distribution but several involved investigations of physical activity 
measurement devices (e.g. accelerometers) and specifically recruited subjects following 
relatively high activity lifestyles.  Although these studies illustrated the overall extent of the 
variation in PAL values, especially its upper and lower limits and its likely response to 
changes associated with specific activity programmes, the suitability of a combined data set 
was a cause for concern. 

 

130. The large DLW dataset assembled for the DRI report20 comprised individual values 
supplied to the DRI committee by the authors of many of the individual studies. It comprises 
767 adults aged ≥18 years, 360 overweight/obese and 407 of normal BMI with an under 
representation of middle aged and very old. The extent to which it is a representative sample 
is briefly reviewed within the DRI report which comments: “Since the DLW data were not 
obtained in randomly selected individuals…, they do not therefore constitute a representative 
sample of the populations of the United States and Canada. However, the measurements were 
obtained from men, women, and children whose ages, body weight, height, and physical 
activities varied over wide ranges, so they provide an appropriate base to estimate energy 
expenditures and requirements…. A few age groups are underrepresented in the data set and 
interpolations had to be performed in these cases. Thus, while the available DLW data set 
used is not entirely satisfactory, it nevertheless offers the best currently available 
information”. 

 

131. Subsequent to publication of the DRI report, two large population-based studies of 
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energy expenditure measured using DLW have been published,  the OPEN study60;61 and the 
Beltsville study62 (see Appendix 10 for details).  The OPEN study involved healthy 
volunteers (n=451; 245 men and 206 women) aged 40–69 years.  About 85% of volunteers 
were white with the remainder mainly black or Asian. The Beltsville study involved healthy 
volunteers (n= 478) aged 30–69 years.  The subjects were predominately non-Hispanic white 
and were distributed evenly by sex and approximately by age.  Both studies recruited 
subjects from Washington DC and were judged to be representative of the US population on 
the basis of their demographic characteristics, which are also considered similar to the 
current UK population. Individual PAL values were kindly made available to SACN from 
both studies.  The OPEN study did not measure BMR, so BMR has been calculated using the 
Henry BMR prediction equations 57 based on weight and height.  The distribution statistics 
for PAL within these two large datasets are shown in Table 8. 

 
 

 Table 8:  Distribution of PAL values in the OPEN and Beltsville studies 
 

Distribution boundaries OPEN 
(n=451; age 40-69y) 

Beltsville 
(n=478; age 30-69y) 

Minimum 1.01 1.01 
10th centile 1.40 1.32 
lower quartile 1.49 1.46 
median 1.61 1.62 
upper quartile 1.77 1.78 
90th centile 1.92 1.96 
Maximum 2.61 2.34 
 
132. When the OPEN and Beltsville cohorts were combined, there were similar numbers of 

men (48%) and women (52%).  Within the combined cohort, 39% were classified as 
overweight and 25% obese, which is similar to the proportions observed in the UK Health 
Surveys (see Obesity section above).   

 

133. The distribution of PAL values within the combined dataset (n=929 individual measures), 
was 1.01 to 2.61, as shown in Table 9.  Investigation of the range of PAL values which can 
be sustained by healthy individuals who are ambulatory to some extent, and with overall 
levels of physical activity which are sustainable indicated a range of 1.38-2.5 (see Appendix 
2) with a value of 1.27 representing a minimal survival requirement: i.e. minimal movement 
in waking hours as suggested by FAO/WHO/UNU in 198533. Thus values below 1.27 can be 
assumed to reflect either methodological error or to be non ambulatory individuals, highly 
dependent on others, or those with an unsustainable lifestyle. Similarly subjects with PAL 
values >2.5 can be assumed to be participating in very high activity levels during the 
measurement period which are unrepresentative of usual activity. Thus the combined data set 
was trimmed for PAL values ≤1.27 or > 2.5. This removed 1 subject with a PAL value 
greater than 2.5 and 38 subjects with PAL values less than1.27. However the trimming had a 
minimal influence on the distribution characteristics increasing the median PAL value from 
1.62 to 1.63. The skewed distribution with subjects clustered at the lower end of the range is 
clearly apparent in Figure 3.  The PAL values selected to predict energy reference values for 
the adult population are highlighted.  The use of the 25th and 75th centile values is discussed 
below. 
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134. The influence of BMI on PAL values within the combined dataset was investigated by 
regression analysis (see Appendix 8 for detail).  Regression of PAL on BMI was non 
significant (p=0.64 for slope: R2 less than 0.1%) indicating that energy reference values can 
be defined independently of BMI status. 

  
135. Regression analysis did show that PAL values decrease slightly with age.  However age 

explained <1% of the variance (r2 =0.004), and since the slope is shallow, age has a minor 
influence on PAL, i.e. PAL = 1.69 at 30 years and 1.63 at 70 years.  This indicates that 
energy reference values can be defined independently of age at least to the age of 70. 

 

Table 9.  PAL value statistics for the combined OPEN and Beltsville data sets 

 N Mean SD Min 10th  
centile

25th 
centile

Median 75th 
centile 

90th 
centile 

Max

All 929 1.64 0.23 1.01 1.36 1.48 1.62 1.78 1.95 2.61
Trimmeda 890 1.66 0.21 1.27 1.40 1.49 1.63 1.78 1.96 2.50

a, subjects with PAL values < 1.27(n=38) and >2.5 (n=1) excluded 
 
 

Figure 3.  Distribution of PAL values for trimmed combined OPEN and Beltsville data sets 

 

Calculating energy reference values  
 
136. Specific values of TEE and the consequent EAR are calculated from PAL x BMR as a 

function of age, gender and BMI. PAL values are those highlighted in Table 9: i.e. values 
representing the median (1.63), and 25th (1.49) and 75th centile (1.78). BMR is calculated 
with the Henry equations.   

Energy reference values for older adults 
 

137. Age-related changes in lifestyle and activity are very variable and many older people 
exhibit relatively high levels of activity117. In a cohort (n= 302) of community-dwelling US 
older adults (aged 70-82 years) who are described as high-functioning, able to independently 
perform activities of daily living, and with no evidence of life-threatening illnesses, a wide 
variation of PAL values was observed.  The mean PAL values for tertiles of PAEE were 
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1.48, 1.68 and 1.94.  The overall mean PAL value for this group, 1.70, was slightly higher 
than that of the combined OPEN and Beltsville cohort of younger adults (mean PAL =1.64).  

 
138. In advanced age, PAL values can be very low.  In a group of 21 Swedish men and 

women aged 91-96 years of age, all free- and independently-living, and termed healthy, all 
living a quiet life (some not having been out of doors for years), PAL values were on average 
1.38 (1.13-1.65 after trimming for PAL values <1.1 on the basis of comments that some 
BMR values may have been too high)32.  Another study in free-living British men (n=23; all 
over 75 years of age) observed a mean PAL value of 1.5118.  

 
139. Taken together these data indicate that it is difficult to generalise about the energy 

requirements of older adults other than that older adults are unlikely to differ from younger 
adults whilst general health and mobility are maintained.  However in advanced age with 
reduced mobility it can be assumed that PAL values are likely to be lower. 

Energy reference values for children, adolescents and adults outside the expected 
range of activities  
 
140. The PAL values identified in the preceding sections do not indicate any particular level of 

physical activity or lifestyle because as discussed in Appendix 2 it has proved very difficult 
to predict PAL values of individuals as a function of lifestyle or even measured physical 
activity.  The median PAL value shown in Table 9 represents the midpoint of the distribution 
observed in the reference population and as such is the best estimate of the average activity 
level for the population. This value is the assumed population level, in the absence of other 
information on activity.  However it is recognised that subject groups who appear obviously 
more or less active than the average can be identified and should be considered and this is 
why the 25th and 75th centile PAL values have been identified. These centile bands represent 
the overall range of PAL values observed within the lower or upper half of the population or 
an approximation of the midpoint value for the less active or more active population. The 
difference between these centile values and the median is 9% for adults and for children aged 
>3-<10, 5% for adolescents and only 3% for the youngest children. These values can be 
compared with the slightly greater range of ± 10% identified as the basis for the higher or 
lower than average activity levels identified by FAO/WHO/UNU in their analysis of energy 
requirements of children and adolescents. Thus the   25th and 75th centile PAL values 
represent activity levels of those who in general terms are less or more active than average.  

Effects of additional physical activity on energy requirements 
 
141. Although the prediction of PAL values associated with a specific lifestyle cannot be 

made with any certainty, predictions of the likely additional energy cost of well defined 
specific activities can be made with reasonable confidence. Estimates of the likely changes in 
PAL for a range of activities deriving from theoretical calculations and from observed effects 
to the change in PAL for 10 minutes and 1 hour of activity, or the adoption of a high level 
physical activity training programme are summarised in Appendix 2. Some examples are 
shown in Table 10. These are the likely increases in energy expenditure (and hence 
requirements) expressed as the change in PAL for the listed activities for individuals leading 
lives with little physical activity but maintaining body weight and providing no 
compensatory reduction in other activities or increase in energy intake occurs.  These values 
have been derived primarily from studies on adults but there is no reason to believe that they 
will be substantially different for children and adolescents.   
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 Table 10: Examples of changes in PAL associated with increased activity* 

Change 
in PAL 

Activity 

0.15 30 minutes of moderate intensity activity on 5 or more days of the 
week1 

0.2  60 minutes brisk walking (brisk =>6<7.5kmph, (=>4<5mph)) 
daily 

0.3  60 minutes of active sport, (i.e. jogging at 9km/hr (6mph)), 5 
times per week  

0.4  60 minutes jogging at 9km/hr (6 mph) daily 
0.6  An intense aerobic exercise programme associated with training 

for competitive sport daily 
 * More examples are shown in Appendix 2   
 1Current recommendations from UK health departments regarding physical activity in adults  

 

Energy reference values for energy during pregnancy and lactation 
  
142. The energy requirements for pregnancy and lactation are calculated as increments to be 

added to the mother's EAR.  These are based on singleton pregnancy; insufficient evidence is 
available on the energy costs of multiple pregnancies.  

 
143. Ideally, women should begin pregnancy at a healthy weight (BMI 18.5-24.9).  Women 

who are overweight or underweight at the beginning of pregnancy are at risk of poor 
maternal and fetal outcomes.  The DRVs for pregnancy and lactation are for women of 
healthy weight. 

 
144. Adolescents who become pregnant must meet the dietary requirements imposed by 

growth associated with their age, in addition to the demands of pregnancy and lactation. 
 

Energy costs of pregnancy 
 
145. The energy costs associated with the maintenance of a normal pregnancy arise from 

increases in maternal and feto-placental tissue mass, the rise in energy expenditure 
attributable to increased basal metabolism and changes in the energy cost of physical 
activity43.   

 
146. Gestational weight gain is the major determinant of the incremental energy needs during 

pregnancy.  It determines not only energy deposition, but also the increase in BMR and TEE 
resulting from the energy cost of moving a larger body mass.  The WHO Collaborative Study 
on Maternal Anthropometry and Pregnancy Outcomes119 defined birth weights and maternal 
weight gains associated with lower risk of fetal and maternal complications.  Birth weights 
between 3.1 and 3.6 kg (mean, 3.3 kg) were associated with the optimal ratio of maternal and 
fetal health outcomes.  The range of gestational weight gains associated with birth weights 
greater than 3 kg was 10–14 kg (mean, 12 kg).     
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147. The tissue deposited during pregnancy includes the products of conception (fetus, 
placenta, and amniotic fluid), maternal tissues (uterus, breasts, blood, and extracellular 
extravascular fluid) and maternal fat reserves.  A theoretical model has previously been used 
to estimate the energy requirements during pregnancy120.  This assumed an average 
gestational weight gain of 12.5 kg (0.9 kg protein, 3.8 kg fat, and 7.8 kg water), an efficiency 
of energy utilization of 90% and a mean birth weight of 3.4 kg.  The total energy cost of 
pregnancy was estimated to be about 330 MJ (80,000 kcal).    

 
148. Longitudinal studies of body composition during pregnancy in well-nourished women 

have observed a mean gestational weight gain of 13.8 kg associated with an estimated total 
energy cost of about 370 MJ (88,000 kcal)43.   

 
149. In studies of well-nourished women, BMR has on average been observed to increase in 

the first, second and third trimesters by 2.5, 10.8 and 24.0%, respectively43.  There is, 
however, considerable variation in the cumulative increase in BMR. 

 
150. In under-nourished populations, adaptive changes in BMR, and in the amount of 

additional maternal fat stored during gestation, can make a profound difference to the overall 
energy needs of pregnancy121; however, this may be associated with inadequate weight gain 
and poor birth, and later health, outcomes.  It is unclear to what extent adaptive changes in 
BMR occur in well-nourished populations, but the increase in BMR during pregnancy has 
been observed to vary in response to pre-pregnancy body fat content, with larger increases 
observed in those having a higher percent FM42;122. 

 

151. The TEE of pregnancy has been measured longitudinally using DLW techniques in well-
nourished free-living women during pregnancy42;123-126.  TEE increased throughout 
pregnancy in proportion to the increase in body weight.  TEE increased by 1, 6, and 19%, 
and weight increased by 2, 8, and 18% over baseline in the first, second and third trimesters, 
respectively.  The increments in TEE (0.1, 0.4 and 1.5 MJ/day in the first, second and third 
trimesters, respectively) are similar to the increments observed by 24-hour calorimetry 43.  
The average gestational weight gain was 13.8kg, but for an average gestational weight gain 
of 12 kg the corresponding values would be 0.08, 0.35 and 1.30 MJ/day. 

 

152. In the latter half of pregnancy, body weight increases result in increased energy costs for 
weight-bearing activities; however, women may compensate for this by reducing the pace or 
intensity with which the activity is performed43;122.  Changes in physical activity during 
pregnancy may partly compensate for the increased energy costs43;122.  The extent to which 
women are able to modify habitual physical activity patterns during pregnancy will be 
determined by socioeconomic and cultural factors specific to the population; women who are 
sedentary prior to pregnancy will have little flexibility to reduce their level of physical 
activity.  

 

153. Changes in physical activity energy expenditure (TEE–BMR) during pregnancy are 
highly variable, but when measured longitudinally by DLW in well-nourished women 
averaged -2, 3 and 6% in the first, second and third trimesters, respectively, relative to pre-
pregnancy values43.  Because of the larger increment in BMR, PAL declined from 1.73 prior 
to pregnancy to 1.60 in late gestation in well-nourished women43. 

 
154. In women with a pre-pregnancy BMI between 19.8 and 26.0, reductions in physical 
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activity energy expenditure were observed as pregnancy progressed.  These did not, however, 
totally compensate for increases in BMR and energy deposited in maternal and fetal tissues; 
thus, increases in dietary energy intakes were required as pregnancy progressed42.   

 
155. The energy cost of pregnancy is not equally distributed over pregnancy43.  Rates of 

weight gain of 1.6 kg in the whole first trimester, 0.45 kg per week in the second trimester 
and 0.40 kg per week in the third trimester suggest a distribution of 11, 47 and 42% in the 
first, second and third trimesters, respectively.  The increases in BMR and TEE are most 
pronounced in the second half of pregnancy. 

 

156. The total energy cost of pregnancy can be estimated from the increment in BMR and 
energy deposition and from the increment in TEE and energy deposition.  The two 
approaches provide slightly different distributions, but the average increment is 430, 1375 
and 2245 kJ/day, for the first, second and third trimesters, respectively.  When applied to the 
WHO Collaborative Study on Maternal Anthropometry and Pregnancy Outcomes 
recommended mean gestational weight gain of 12kg119, the estimated energy cost of 
pregnancy is 375, 1200 and 1950kJ/day for the first, second and third trimesters, 
respectively.  This is based on the assumption that increments in BMR and TEE were 
proportional to weight gain 

 
157. Most dietary studies in well-nourished women, however, have revealed no or only minor 

increases in energy intake that only partially covered the estimated energy cost of pregnancy.  
An analysis of available data from longitudinal studies in populations with average birth 
weights greater than 3 kg revealed a cumulative reported intake of only 85 MJ (0.3 MJ/day) 
over the whole of pregnancy or 25% of the estimated needs122. 

 

158. The FAO/WHO/UNU13 report recommends an increase in food intake of 1.5MJ/day in 
the second trimester and of 2.0MJ/day in the third, based on a gestational weight gain of 
12kg and specific for women in societies with a high proportion of non-obese women who do 
not seek prenatal advice before the second and third month of pregnancy.   

 
159. The 1.5MJ/d increment for the second trimester represents a summing of 1.2MJ/d and 

0.35MJ/d (for first trimester) on the grounds that women may not know they are pregnant 
until the second trimester.  This is pragmatic, but there is no evidence that retrospective 
supplementation of this type alters outcome and it seems likely that in circumstances of 
unconstrained food intake increased requirements would have been achieved already through 
an increase in appetite. 

 

160. The US energy DRI for pregnancy20 used a DLW database of individual energy 
expenditure measures of pregnant women with pre-pregnancy BMI values of 18.5 up to 25; 
the measures were obtained from studies in British125;127 Swedish123 and North America126 
women.  Gestational weight gain was between 11.6 and 13.5 kg.  The median change in TEE 
was 33.5 kJ (8 kcal) per week of gestation with a large range of -238 kJ (-57 kcal) to 448 kJ 
(107 kcal) per week.  The value of 33.5 kJ (8 kcal) per week was supported by a subsequent 
study which reported that TEE, as measured by DLW, increased linearly at a similar mean 
rate of 31 ± 42.7 (7.4 ± 10.2 kcal) per week of gestation in women with pre-pregnancy BMI 
values of 19.8 to 26.0 (Butte, 2004)42.  The total energy deposition during pregnancy was 
estimated to be 753 kJ/day (180 kcal/day). Thus the estimated energy requirement was 
derived from the sum of the TEE of the woman in the non-pregnant state plus a median 
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change in TEE of 33.5 kJ/wk (8 kcal/wk) plus the energy deposited during pregnancy. For 
the first trimester no increase in energy intake was recommended, on the basis of only small 
changes in TEE and weight gain.   For the second and third trimesters the energy deposition 
rate of 753 kJ/day (180 kcal/d) was added to the increase in TEE expected at 20 weeks (672 
kJ (160 kcal)) and 34 weeks (1142 kJ (272 kcal)) to give the incremental values of 
1.43MJ/day (340 kcal/day) and 1.9 MJ/day (452 kcal/day) respectively. 

 
161. The COMA DRV report recommended an increment in EAR of 0.8MJ/d above the pre-

pregnant EAR only during the last trimester.  It was noted that women who were 
underweight at the beginning of pregnancy, and women who did not reduce activity, may 
need more. 

 
162. The Committee note that an increasing proportion of women in the United Kingdom 

enter pregnancy at a weight exceeding the healthy range and that this may place them and 
their babies at increased risk. The Committee consider it unlikely that women require extra 
energy in the 1st trimester of pregnancy and further note that compensatory changes in energy 
expenditure during the 2nd and 3rd trimester are likely to mean that increased energy intake is 
not necessary.    Having reviewed the available evidence, SACN agreed that the EAR for 
pregnancy established by COMA, i.e. an additional intake of 0.8MJ/d (191 kcal/d), remained 
appropriate. 

 

Energy cost of lactation 
 
  
163. The amount of milk produced, the energy content of the milk and the energetic efficiency 

of milk synthesis theoretically determine the energy cost of lactation.  There is little evidence 
of energy conservation, i.e. changes in BMR, TEF or the energy cost of certain physical 
activities, compensating for these energy costs during lactation in well nourished women43.  
Fat stores that accumulate during pregnancy may cover part of the additional energy needs in 
the first few months of lactation.  Utilization of tissue stores to support lactation, however, is 
not universal: changes in weight and body composition during lactation are variable, and 
depend on gestational weight gain, lactation pattern and duration and physical activity 
level122. 

 

164. Variation in the energy content of human milk is principally attributable to fluctuation in 
milk fat concentration which shows complex diurnal, within-feed and between-breast 
changes.  Twenty-four hour milk sampling schemes have been developed which minimally 
interfere with the secretion of milk flow and capture the diurnal and within-feed variation128.  
The mean gross energy content of human milk in 24-hour representative milk samples of 
well-nourished women was 2.80 kJ/g or 0.67 kcal/g43. 

 

165. The biochemical efficiency of converting dietary energy into human milk has been 
conservatively estimated to be about 80%43 and the mean milk production rate of women 
exclusively breastfeeding through 5 months postpartum was 749g/d, obtained by test 
weighing in mother-infant pairs from both developing and industrialised countries129.  This 
value an indicative average for infants of both sexes over the whole six months of exclusive 
breastfeeding.  Correction of the milk production rates for the infant’s insensible water loss 
during a feed (assumed to be equal to 5%) gives a mean milk production rate through 5 
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months postpartum for exclusively breastfeeding of 807g/d13. For partial breastfeeding the 
variation in milk production is larger, as infant intake is reduced by the proportion derived 
from other foods.  A mean estimate of 492g/day has been made in studies of partially 
breastfeeding well-nourished women. 

 

166. The average total energy requirements associated with lactation can be estimated by the 
factorial approach whereby the cost of milk production is added to the energy requirements 
of non-pregnant women, with an allowance made for energy mobilisation from tissue stores, 
if replete.  In well-nourished women it has been estimated from the rate of weight loss (-
0.8kg per month) that 0.72 MJ/day of tissue stores may be utilized to support lactation during 
the first 6 months postpartum43.   

 
167. For exclusive breastfeeding through 5 months postpartum, the energy cost of lactation 

would be 2.8 MJ/day based on a mean milk production of 807 g/day, energy density of milk 
of 2.8 kJ/g, and energetic efficiency of 0.80. This may be subsidised by energy mobilisation 
from tissues in the order of 0.72 MJ/day, resulting in a net increment of 2.1 MJ/day over pre-
pregnancy energy requirements.   

 
168. The estimated average requirement of breastfed infants in the first 6 months of life is 2.28 

MJ/day (see Table 11).  If this is met by maternal supply and the energetic efficiency of milk 
synthesis is assumed to be 0.8, this also equates to a maternal energy cost of about 2.8 
MJ/day.  Assuming a contribution of 0.72 MJ/day from maternal tissues, the net increment 
over pre-pregnancy energy requirements is 2.1 MJ/day. 

 

169. The total energy requirements may also be estimated from the sum of TEE plus milk 
energy output, minus the energy mobilised from tissues.  The measurement of TEE by DLW 
techniques circumvents any assumptions regarding the energetic efficiency of milk synthesis 
or activity energy expenditure, since they are included in TEE.  This approach was taken in 
four studies between 1 and 6 months postpartum of well-nourished women who exclusively 
breastfed their infants 123;127;130;131. Milk energy output averaged 2.15 MJ/day.     

 
170. The US energy DRI for lactation is based on this approach and uses a DLW database of 

individual energy expenditure measures of lactating women with a pre-pregnancy BMI value 
of 18.5 up to 25 kg/m2.  The measured TEE, milk energy output and estimated energy 
mobilisation from tissue stores are used to estimate energy requirements.  The 
recommendation is for an increment of 1380kJ/day (2.1MJ/day - 0.72 MJ/day) for the first 6 
months and 1680kJ for the second 6 months of lactation.  This is adopted for this report. 

 
171. The FAO/WHO/UNU report13 employs the factorial approach and recommends an 

increase in food intake by 2.1MJ/day for the first six months of lactation in well-nourished 
women.  It notes that energy requirements for milk production in the second six months are 
dependent on rates of milk production that are highly variable among women and 
populations. 

 

172. Having reviewed the available evidence, SACN agreed that the approach outlined above 
(paragraph 170) adopted for the US Energy DRI report20, should be adopted for this report. 
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Summary of approaches used to derive energy reference values  
 

173. The approaches used to derive energy reference values for infants aged 1-12 months and 
those during pregnancy and lactation are the same as those reported by FAO/WHO/UNU13, 
COMA1 and, US DRI20   respectively.  For children, adolescents and adults the approaches 
used and thereby the energy reference values obtained have been revised. 

 

174. Energy reference values for infants were predicted as TEE plus deposited energy accrued 
during growth. TEE was predicted from a simple equation expressing TEE as a function of 
weight which was derived from a longitudinal study of TEE measured by DLW38. Growth 
costs were calculated as deposited energy observed during an analysis of the body 
composition of a population of healthy US infants during normal growth41.  

 

175. Energy reference values during pregnancy were estimated using a factorial approach 
based on measured pregnancy-induced increments in BMR plus measured energy deposited 
as protein and fat.  Energy reference values during lactation were derived from 
measurements of TEE plus estimated milk energy output, allowing for the energy mobilised 
from tissues of healthy lactating mothers. 

 
176. Energy reference values for children, adolescents and adults were estimated using a 

factorial approach based on predicted BMR x PAL. BMR is predicted from the Henry 
prediction equations based on weight, age and gender in children and adolescents and weight, 
height, age and gender in adults. PAL values are derived from reference data sets assembled 
from published DLW studies of TEE and used in terms of the median, 25th and 75th centile 
values of the appropriate reference data set. The reference data set for children and 
adolescents contained mean values of all identified published studies, and was assembled for 
boys and girls into defined age groups, 0-3, >3-<10 and 10-18 years. PAL values within 
these age groups were adjusted by an additional 1% to allow for the energy costs of growth. 
The reference data set for adults comprised two large population-based studies from a US 
population with similar demographic and anthropometric characteristics as the current UK 
population. For children, adolescents and adults the median PAL value for the appropriate 
age group identified the best estimate of the average level of activity for that group and was 
used to estimate the EAR. The 25th and 75th centile PAL values were used to estimate energy 
reference values for groups considered to be less or more active than average. Estimates are 
also given of the probable additional energy needs associated with changes in habitual 
activity involving specific types of activity such as increased walking, running and 
participation in sport or high-level training regimes. The likely increases in PAL associated 
with such changes in lifestyle are given. For healthy mobile older adults energy requirements 
are unlikely to differ substantially from younger adults so that requirements can be described 
in the same way.  In advanced age with reduced mobility, however, activity and energy 
requirements fall so that lower PAL values are appropriate. 

 

177. Any energy reference values need to be viewed in light of the serious concerns regarding 
the assumptions underpinning the DLW method and prediction of BMR values, and the 
representativeness of study participants. For example, younger adults aged 18-30 years are 
particularly under-represented in the adult data set.  
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4 Energy reference values  

Infants, children and adolescents 

Infants aged 1-12 months 
178. As discussed in the previous chapter, the EARs for infants are derived on a basis similar 

to that employed by the FAO/WHO/UNU Expert Consultation. They have been calculated 
from TEE (measured by the DLW method) plus the energy needs for growth.  The WHO 
Growth Standard weights115 have been used to derive EARs for both breastfed and breast 
milk substitute-fed infants, as recommended by the SACN77. These standards describe the 
growth pattern of healthy infants living in non-deprived circumstances who were exclusively 
or predominantly breastfed for at least 4 months.  Since this pattern of growth is associated 
with favourable health outcomes it is considered applicable to breast milk substitute-fed 
infants as an indicator of optimal growth.   

 
Table 11.  Draft EAR values for breastfed infants 1–12 months of age 

Age 
(months) 

Weight 
(kg)a 

Weight 
velocity 
(g/day)b 

Total 
energy 
expenditure 
(kJ/day) 

Energy 
deposition 
(kJ/g) 

Energy 
deposition 
(kJ/day) 

EAR 
(kJ/day) 

Energy 
requirement 
(kJ/kg per 
day) 

Boys         
1  4.47 37.1 1099 25.1 931 2031 454 
2  5.56 35.8 1522 25.1 899 2421 435 
3  6.37 26.6 1837 25.1 668 2504 393 
4  7.00 20.7 2081 11.6 240 2321 332 
5  7.51 16.8 2279 11.6 195 2474 329 
6  7.93 13.8 2442 11.6 160 2602 328 
7  8.30 12.2 2585 6.2 76 2661 321 
8  8.61 10.2 2706 6.2 63 2769 322 
9  8.90 9.5 2818 6.2 59 2877 323 
10  9.16 8.5 2919 11.4 97 3016 329 
11  9.41 8.2 3016 11.4 93 3110 330 
12  9.65 7.9 3109 11.4 90 3199 332 
Girls         
1  4.19 31.6 991 26.2 828 1819 434 
2  5.13 30.9 1355 26.2 810 2165 422 
3  5.84 23.3 1631 26.2 610 2241 384 
4  6.42 19.1 1856 15.6 298 2154 336 
5  6.90 15.8 2042 15.6 246 2289 332 
6  7.30 13.1 2197 15.6 204 2402 329 
7  7.64 11.2 2329 7.4 83 2412 316 
8  7.95 10.2 2450 7.4 75 2525 318 
9  8.22 8.9 2554 7.4 66 2620 319 
10  8.48 8.5 2655 9.8 83 2739 323 
11  8.72 7.9 2748 9.8 77 2826 324 
12  8.95 7.6 2838 9.8 74 2912 325 

a 50th percentile weight for age of the WHO Growth Standards 115 
b 50th percentile weight increment of the WHO Growth Standards 115 
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Table 12.  Draft EAR values for breast milk substitute-fed infants 0–12 months of age 
Age 
(months) 

Weight 
(kg)a 

Weight 
velocity 
(g/day)b 

Total 
energy 
expenditure 
(kJ/day) 

Energy 
deposition 
(kJ/g) 

Energy 
deposition 
(kJ/day) 

EAR 
(kJ/day) 

Energy 
requirement 
(kJ/kg per 
day) 

Boys         
1  4.47 37.1 1425 25.1 931 2356 527 
2  5.56 35.8 1802 25.1 899 2700 486 
3  6.37 26.6 2082 25.1 668 2750 432 
4  7.00 20.7 2300 11.6 240 2540 363 
5  7.51 16.8 2476 11.6 195 2671 356 
6  7.93 13.8 2622 11.6 160 2782 351 
7  8.30 12.2 2750 6.2 76 2825 340 
8  8.61 10.2 2857 6.2 63 2920 339 
9  8.90 9.5 2957 6.2 59 3016 339 
10  9.16 8.5 3047 11.4 97 3144 343 
11  9.41 8.2 3134 11.4 93 3227 343 
12  9.65 7.9 3217 11.4 90 3307 343 
Girls         
1  4.19 31.6 1328 26.2 828 2156 514 
2  5.13 30.9 1653 26.2 810 2463 480 
3  5.84 23.3 1899 26.2 610 2509 430 
4  6.42 19.1 2099 15.6 298 2397 373 
5  6.90 15.8 2265 15.6 246 2512 364 
6  7.30 13.1 2404 15.6 204 2608 357 
7  7.64 11.2 2521 7.4 83 2604 341 
8  7.95 10.2 2629 7.4 75 2704 340 
9  8.22 8.9 2722 7.4 66 2788 339 
10  8.48 8.5 2812 9.8 83 2895 341 
11  8.72 7.9 2895 9.8 77 2973 341 
12  8.95 7.6 2975 9.8 74 3049 341 

a 50th percentile weight for age of the WHO Growth Standards 115 
b 50th percentile weight increment of the WHO Growth Standards 115 
 

Children and adolescents aged 1-18 years 
179. The energy reference values for this age group were derived using a factorial model 

BMR x PAL, with PAL adjusted for growth by a 1% increase.  Growth- adjusted PAL values 
are the 25th, median and 75th centiles of the PAL distributions for each age group (1-3, >3-
<10 and 10-18). The Estimated Average Requirement (EAR) is indicated by the value 
calculated by the median PAL whilst requirements for less active or more active children are 
calculated from the 25th and 75th centiles. 
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Table 13. Draft EAR values for energy based on mean weights from the WHO growth standards 
(ages 1 to 2) and the UK1990 reference (for over 2 years of age) for children and adolescents 
aged 1-18years 

  Boys Girls    Energy requirements MJ/d 
Age 

(years) 
Weight 

kg 
BMR  
MJ/d 

Weight 
kg 

BMR  
MJ/d 

PAL (boys and girls) Boys Girls 

Q25 Median Q75 
less 

active EAR 
more 
active 

less 
active EAR 

more 
active 

1 11.0 2.66 10.3 2.44 1.36 1.40 1.45 3.6 3.7 3.9 3.3 3.4 3.5 
2 12.4 3.02 12.1 2.88 1.36 1.40 1.45 4.1 4.2 4.4 3.9 4.0 4.2 
3 14.7 3.61 14.2 3.40 1.36 1.40 1.45 4.9 5.1 5.2 4.6 4.8 4.9 
4 16.6 3.71 16.3 3.49 1.43 1.58 1.70 5.3 5.9 6.3 5.0 5.5 6.0 
5 18.6 3.89 18.2 3.65 1.43 1.58 1.70 5.6 6.2 6.6 5.2 5.8 6.2 
6 21.0 4.12 21.0 3.89 1.43 1.58 1.70 5.9 6.5 7.0 5.6 6.2 6.6 
7 23.0 4.31 23.0 4.06 1.43 1.58 1.70 6.2 6.8 7.3 5.8 6.4 6.9 
8 26.0 4.59 26.0 4.31 1.43 1.58 1.70 6.6 7.3 7.8 6.2 6.8 7.3 
9 29.0 4.87 29.0 4.56 1.43 1.58 1.70 7.0 7.7 8.3 6.5 7.2 7.8 
10 31.5 4.98 32.0 4.74 1.68 1.75 1.86 8.3 8.7 9.3 8.0 8.3 8.8 
11 34.5 5.08 35.9 4.85 1.68 1.75 1.86 8.5 8.9 9.5 8.1 8.5 9.0 
12 38.0 5.35 40.0 5.04 1.68 1.75 1.86 9.0 9.4 10.0 8.5 8.8 9.4 
13 43.0 5.74 46.0 5.32 1.68 1.75 1.86 9.6 10.0 10.7 8.9 9.3 9.9 
14 49.0 6.20 51.0 5.55 1.68 1.75 1.86 10.4 10.8 11.6 9.3 9.7 10.4 
15 55.5 6.70 53.0 5.64 1.68 1.75 1.86 11.2 11.7 12.5 9.5 9.9 10.5 
16 60.2 7.06 55.3 5.75 1.68 1.75 1.86 11.8 12.4 13.2 9.6 10.1 10.7 
17 64.0 7.35 57.0 5.83 1.68 1.75 1.86 12.3 12.9 13.7 9.8 10.2 10.9 

18 66.2 7.52 57.2 5.84 1.68 1.75 1.86 12.6 13.2 14.0 9.8 10.2 10.9 

 

Adults  
 
180. Energy reference values for adults are derived by the factorial calculation of TEE from 

BMR x PAL. BMR values are calculated from the Henry57 equations (see Appendix 3) using 
heights and weights of the UK population indicated  by the NDNS of adults aged 19-64 
years, 2000/17 (see Table 14).  The heights and weights shown are for men and women for 
the observed range of heights (mean, lower and upper 2.5th centile) within BMI values of 20, 
22.5 and 25kg/m2.   BMR values calculated from these are shown in Table 15. 
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Table14.  Weights for UK adults* for the BMI range 20-25 kg/m2 

  
Men  
 Weight (kg) at: 

Women
 Weight (kg) at: 

Age (yrs) Height  cm 
BMI 
20 

BMI 
22.5 

BMI 
25 cm 

BMI 
20 

BMI 
22.5 

BMI 
25 

19-24 Mean  177 62.7 70.5 78.3 163 53.1 59.8 66.4 
 lower 2.5 centile  163 53.1 59.8 66.4 150 45.0 50.6 56.3 
  higher 2.5 centile 190 72.2 81.2 90.3 175 61.3 68.9 76.6 
25-34 Mean  177 62.7 70.5 78.3 162 52.5 59.0 65.6 
 lower 2.5 %ile  165 54.5 61.3 68.1 148 43.8 49.3 54.8 
 higher 2.5 %ile 188 70.7 79.5 88.4 172 59.2 66.6 74.0 
35-49 Mean  176 62.0 69.7 77.4 162 52.5 59.0 65.6 
 lower 2.5 %ile  161 51.8 58.3 64.8 151 45.6 51.3 57.0 
  higher 2.5 %ile 190 72.2 81.2 90.3 175 61.3 68.9 76.6 
50-64 Mean  175 61.3 68.9 76.6 160 51.2 57.6 64.0 
 lower 2.5 %ile  162 52.5 59.0 65.6 148 43.8 49.3 54.8 
 higher 2.5 %ile 188 70.7 79.5 88.4 173 59.9 67.3 74.8 
65-74 Mean  172 59.2 66.6 74.0 159 50.6 56.9 63.2 
75+ Mean  169 57.1 64.3 71.4 155 48.1 54.1 60.1 

*derived from current UK heights listed for each BMI value 
 

Table15.  BMR values for UK adults* for the BMI range 20-25 kg/m2 

  
Men  

BMR MJ/day 
Women 

 BMR MJ/day 

Age (yrs) Height  
BMI 
20 

BMI 
22.5 

BMI 
25 

BMI 
20 

BMI 
22.5 

BMI 
25 

19-24 Mean  6.55 7.02 7.49 5.31 5.60 5.89 
 lower 2.5 centile  5.80 6.20 6.59 4.62 4.87 5.11 
  higher 2.5 centile 7.29 7.84 8.38 5.97 6.30 6.63 
25-34 Mean  6.55 7.02 7.49 5.26 5.54 5.82 
 lower 2.5 %ile  5.90 6.31 6.72 4.52 4.76 4.99 
 higher 2.5 %ile 7.18 7.71 8.24 5.80 6.12 6.44 
35-49 Mean  6.35 6.72 7.09 5.15 5.37 5.60 
 lower 2.5 %ile  5.53 5.84 6.15 4.68 4.88 5.07 
  higher 2.5 %ile 7.16 7.59 8.02 5.72 5.98 6.24 
50-64 Mean  6.30 6.66 7.03 5.06 5.28 5.50 
 lower 2.5 %ile  5.59 5.90 6.21 4.56 4.74 4.93 
 higher 2.5 %ile 7.04 7.46 7.88 5.63 5.89 6.14 
65-74 Mean  5.65 6.00 6.35 4.64 4.87 5.09 
75+ Mean  5.48 5.82 6.16 4.48 4.70 4.91 

*derived from weights and heights shown in Table 24 from the Henry prediction equations (see Appendix 3) 
 

 
181. Tables 16 and 17 show the draft EARs for men and women respectively, with weights 

and heights representing the mean values for a BMI of 22.5 (see Table 14). PAL is 
independent of gender and the change with age is too small to have any significant influence 
so that a single set of PAL values calculated as median, 25th and 75th centile boundaries of 
the reference population is used (see Appendix 10). The EAR is indicated by the value 
calculated by the median PAL which is the assumed population level, in the absence of other 
information on activity.  Requirements for population groups thought to be less active or 
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more active than average are calculated from the 25th and 75th quartile boundary PAL values 
respectively.  

 

Table 16.  Draft EAR values for energy for groups of men at various ages, weights and physical 
activity levels1, at mean height for age and a BMI of 22.5

  Energy requirements MJ/d 
Age 

 range 
Mean 
height 

cm 

Weight2 
kg 

less active3 EAR4  More active5 
19-24 177 70.5 10.5 11.4 12.5 
25-34 177 70.5 10.5 11.4 12.5 
35-49 176 69.7 10.0 11.0 12.0 
50-64 175 68.9 9.9 10.9 11.9 
65-74 172 66.6 8.9 9.8 10.7 
75+ 169 64.3 8.7 9.5 10.4 

1. Derived as BMR x PAL with BMR values from Table 24 for the BMI range 20-25 kg/m2 
2. at BMI= 22.5 
3. 25th centile PAL =1.49  
4. Median PAL= 1.63  
5. 75th centile PAL=1.78 

 

Table 17. Draft EAR values for energy for groups of women at various ages, weights and 
physical activity levels1, at mean height for age and a BMI of 22.5 

  Energy requirements MJ/d
Age 

range 
Mean 
height  

cm

Weight2  
kg 

less active3 EAR4 More active5 
19-24 163 59.8 8.3 9.1 10.0 
25-34 162 59.0 8.3 9.0 9.9 
35-49 162 59.0 8.0 8.8 9.6 
50-64 160 57.6 7.9 8.6 9.4 
65-74 159 56.9 7.3 7.9 8.7 
75+ 155 54.1 7.0 7.7 8.4 

1. Derived as BMR x PAL with BMR values from Table 24 
2. at BMI= 22.5 
3. 25th centile PAL =1.49  
4. Median PAL= 1.63  
5. 75th centile PAL=1.78 
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Energy reference values for extreme old age 
 
182. As indicated above the energy reference values for older adults are unlikely to differ from 

younger adults whilst general health and mobility are maintained.  However, for the extreme 
elderly as activities become limited, energy expenditure and the consequent requirement is 
likely to fall to within the less active range (PAL = 25th centile=1.49) or lower,  with PAL 
values as low as 1.38 having being observed in some otherwise healthy subjects in the final 
years of life.   

 

Energy reference values for pregnancy 
 
183. The Committee notes that energy reference values for pregnancy estimated by the 

factorial method exceed energy intakes observed in well nourished populations with average 
birth weight in the healthy range.  Consequently, the Committee sees no reason to amend the 
increment of 0.8 MJ/d in the last trimester previously recommended by COMA. Women 
entering pregnancy who are overweight may not require this increment but current data are 
insufficient to make a recommendation regarding this group.  This approach was also taken 
in the US DRI report20. 

Energy reference values for lactation 
 
184. Factorial calculation suggests that women with a healthy pre-pregnancy weight (BMI 

18.5-24.9) who exclusively breastfeed their infants throughout the first six months require an 
increment of 2.1 MJ/day above the pre-pregnant EAR. However the factor of 0.8 applied to 
adjust for efficiency of conversion of maternal energy intake to milk is insecure and likely to 
be a conservative estimate. This could explain why the factorial estimate is appreciably 
greater than that measured in DLW experiments. The Committee recommends adoption of 
the US Energy DRI20, based on DLW measurements, of 1.4 MJ /d in the first 6 months and 
1.7 in the second six months of lactation.        

 

Comparisons with reference values for energy in other reports  
185. The energy reference values detailed in this report are different from those calculated by 

COMA in 1991, being broadly higher for newborn infants (10-14%), adolescents, especially 
girls (14-15%), and adults and lower for other infants (7-18%) and preadolescent children (1-
16%).  These differences are discussed in detail in Appendix 11.  In all cases in this report, 
energy reference values have been calculated from rates of energy expenditure assessed by 
the DLW method. This data has been used either directly as a measure of TEE for infants or, 
in all other cases, to identify suitable PAL values which have been employed within a 
factorial calculation as PAL x BMR, with BMR estimated by the Henry prediction equations. 
The way such calculations have been made in previous reports (COMA1, FAO/WHO/UNU13  
and US DRI report20 ), is discussed in Appendix 2 paragraphs 259-266, and the use of the 
Henry BMR prediction equations is discussed in Appendix 3.   

 
186. Insufficient DLW data was available to COMA1 to enable energy reference values to be 

defined for any age group although such data that was available was used to reinforce energy 
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intake data for infants and young children. Energy intake data alone was used by COMA1 for 
all preadolescent children. COMA1 adopted the factorial approach of predicting TEE from 
BMR x PAL for children aged 10-18, assigning PAL values of  1.56 for boys and 1.48 for 
girls with small additions made for growth costs. The gender difference was based on the 
view that girls exhibited lower levels of physical activity than boys. No evidence for this has 
been identified in this report and a median PAL value of 1.75 has been used for boys and 
girls aged 10-18, which includes the growth costs. This explains the higher energy reference 
values for teenagers, especially girls, in this report.  

 
187. For adults, although COMA1 discussed a matrix of PAL values varying by occupational 

and leisure activities from 1.4-1.9 for men and 1.4-1.7 for women, on the basis that 
judgements could be made about lifestyles of population groups, it was recommended that a 
PAL value of 1.4 should be used in the absence of information on activity. This value, which 
is lower than both the 25th centile and median PAL (1.49 and 1.63 respectively for both men 
and women), has been widely employed since and has been the basis of the guideline daily 
amounts (GDAs) for energy used in food labelling132. 

 
188. The higher reference values for adults in this report reflect a better database of published 

DLW data than was available for any previous report and a better understanding of the extent 
and nature of the variation in TEE within populations and lifestyle groups. This has clearly 
indicated the impracticality of predicting lifestyle-dependent PAL values other than as 
distributions within reference populations i.e. 25th centile (less active), 1.49; median (typical 
activity), 1.63; and 75th centile (more active), 1.78,  with simple recommendations for the 
likely influence of changes in activity on PAL values. In fact this approach, adopted here for 
children and adults, is similar in principle to that recommended for children and adolescents 
by FAO/WHO/UNU13: i.e. identifying average PAL values from the DLW data with a ±15% 
variation for more or less active children. However, here, PAL values for broad age ranges, 
(1-3, >3-<10, 10-18) have been aggregated, whereas FAO/WHO/UNU13 predict PAL values 
for each year of age by regression analysis of the DLW data. 

 
189. The energy reference value identified here for pregnancy, a single daily increment of 0.8 

MJ/d in the last trimester, is the same as  previously recommended by COMA1, but 
considerably lower than that recommended by either  FAO/WHO/UNU13  (1.5MJ/day during 
the second trimester and 2.0MJ/day during the third trimester) or in the US DRI report20 
(1.43MJ/day during the second trimester and 1.9MJ/day during the third trimester, see 
paragraphs 158-161). As argued above (paragraph 162) there are cogent arguments for 
avoiding excessive weight, especially fat gain, in pregnancy and evidence for adaptive 
changes in energy expenditure which reduce the need for additional food energy intake. 
Although such arguments were not taken into account in the previous reports, SACN 
considered them to be valid and sufficiently important to guide its recommendation in this 
report. 

 
190. The energy reference value identified here for lactation, an increment of 1.38MJ/day for 

the first 6 months and 1.68MJ for the second 6 months of lactation, is the same as  previously 
recommended in the US DRI report20,  but considerably lower than that recommended by 
either  COMA1, an increment of 1.9-2.4MJ/day for the first 6 months and 1.0-2.3MJ for the 
second 6 months of lactation, or by FAO/WHO/UNU13  (2.1MJ/day for the first 6 months 
with no recommendation for any subsequent breastfeeding). In all cases the values derive 
from estimated milk energy contents less the energy mobilised from maternal stores, with 
different calculations for the magnitude of these two components. The higher value 
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recommended by FAO/WHO/UNU13 is mainly because of the inclusion of a scaling factor 
for milk energy content of +25% to take into account an assumed inefficiency of  dietary 
energy utilization to provide for milk energy. Because such energy costs would appear as 
increased TEE in lactating women and because such increases are not observed in practice, 
the inclusion of such as scaling factor is arguably unwarranted. 
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5 Summary and conclusions  
 
 
191. The Dietary Reference Values (DRV) for food energy provide a best estimate of the 

energy needs of the UK population and population subgroups and present criteria against 
which to judge the adequacy of their food energy intakes. The National Diet and Nutrition 
Survey (NDNS) series has consistently found reported average energy intakes to be below 
the Estimated Average Requirement (EAR2) set by COMA in 19911. In reality, average 
habitual energy intakes are more likely to exceed energy needs, as evidenced by the 
increasing proportions of people classified as overweight and obese in the UK. 
Underreporting of food intake may explain this paradox as it is known to partly account for a 
commonly reported discrepancy between measured total energy expenditure (TEE) and the 
apparent low energy intakes in NDNS and other dietary surveys. These observations, the 
accumulating evidence  base on TEE in a wide variety of population groups, and the 
publication of the FAO/WHO/UNU Human Energy Requirements report 13 led the Food 
Standards Agency and Department of Health to request a re-evaluation of the DRVs for food 
energy by the Scientific Advisory Committee on Nutrition (SACN). 

 

192. Measurements of TEE together with estimates of deposited energy provide the basis for 
estimating energy reference values.  In the absence of growth, an individual’s TEE is the sum 
of daily energy used to maintain basal metabolic rate (BMR; metabolism at rest), energy 
expended in physical activity, and thermogenesis deriving mainly from food intake. TEE can 
be expressed as a multiple of BMR, the physical activity level (PAL); hence TEE or EAR is 
equal to BMR x PAL. BMR is predictable as a function of age, weight and gender, while 
PAL, which is a descriptor of lifestyle and/or behaviour as determinants of energy 
expenditure, is independent of these factors, at least as a first approximation. Thus for any 
PAL value, TEE can be predicted for any group from estimates of the BMR. During growth, 
pregnancy and lactation the energy cost of tissue deposited also needs to be taken into 
account. 

 

193. The most accurate practical means of measuring TEE in free-living individuals integrated 
over days and weeks is the doubly labelled water (DLW) method. In this method TEE of 
individuals is computed from estimates of CO2 production.  These are calculated from the 
loss of the isotopes 18O and 2H from the body over time following the administration of a 
standard dose.  The computation relies on a series of assumptions (e.g. about water losses 
and metabolic fuel use) the validity of which varies between and within individuals, but the 
limits of such variability are known and considered generally acceptable for the purpose of 
estimating EARs. 

 
194. In recent years, EAR values for populations have been estimated from DLW-derived 

measures of TEE in reference populations together with estimates of deposited energy. There 
are two basic approaches: TEE can be modelled against different characteristics of the 
reference population (e.g. age, weight) using regression equations and the regression 
equations can then be used to predict TEE and EAR values for population groups. 

                                                 
2 The DRV for dietary energy has usually been defined as the mean energy requirement, or Estimated Average 
Requirement (EAR), of those who constitute the defined group. 
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Alternatively measured TEE values and measured or predicted BMR values from the 
reference populations can be used to estimate PAL values.  These PAL values can then be 
used to derive TEE and EAR values for population groups on the basis of their predicted 
BMR values. This is a factorial approach to setting EARs. Both approaches are limited by 
the validity of the DLW method and to a larger extent by the representativeness of the study 
participants compared with those groups to whom the EAR will be applied.  For example, in 
the UK there has recently been concern that, despite random recruitment, those who take part 
in NDNS DLW sub-studies tend to be more physically active than those who do not: i.e. the 
“healthy volunteer effect”.  It is not known whether this is the case in the larger DLW data 
sets used in this report.   

195. As no large population-based UK studies of any age group have been conducted using 
DLW, SACN utilized a variety of other data sources (reference populations) to derive the 
proposed EAR values. Those identified as being the most likely to be representative of the 
UK population were as follows: 

 

o For infants, a longitudinal study of healthy American infants comprising similar 
numbers of breast fed and breast milk substitute fed infants (n=76 individuals38) 
 

o For children and adolescents, a compilation of  all identified mean study values for 
specific ages for boys and girls ( n=170 mean study values) (Appendix 9)  

 
o For adults, two studies61;62 of adult urban populations in the US, with similar 

demographic and anthropometric characteristics as the overall current UK population  
(n  = 890 individuals; Appendix 10) 
 

o For older adults, no specific representative data set has been identified (see 
paragraphs 137-139 for discussion). 

 

196. The limitations of these data sets (reference populations) for deriving estimated EARs for 
the UK population include the small numbers of participants in the infant and child cohorts 
and the lack of younger adults aged 18-30 years in the larger adult data set. 

 

197. The application of these data sets to the determination of EAR values is as follows: 

 

o For infants from birth to 12 months, FAO/WHO/UNU energy requirement 
recommendations13;110 were modified by the application of infant growth data from the 
WHO Multicentre Growth Reference Study115. In comparison with the previous COMA  
values1, the proposed EAR for infants aged 1-12 months (in kJ/kg per day) are similar for 
the first 3 months, but are lower between 6 and 12 months, e.g. 340  kJ/kg per day 
compared with about 400 kJ/kg per day. 

 

o For pregnancy and lactation, the COMA DRV1 and US DRIs20 have been used 
respectively, and reference values given as incremental energy requirements for 
pregnancy and lactation. 
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o For children, adolescents and adults, proposed reference values have been determined 
using a factorial method of predicting TEE from BMR x PAL. In 1991 it was assumed by 
COMA1 that PAL could be predicted for population groups from knowledge of the 
pattern and extent of daily activities. However, evidence suggests that even if such 
information is available, prediction of PAL cannot be done with the accuracy previously 
assumed. For this reason a different approach has been adopted here. The distribution of 
PAL values within the reference population has been used to indicate the overall average 
value for PAL as well as the extent to which it is lower or higher for less or more active 
population groups. Thus, three PAL values are identified for age bands of children and 
adolescents and for adults, the median, 25th and 75th centile. These represent best 
estimates of the whole population and of those who are less and more active than usual. 
In addition, estimates of the likely increase in PAL associated with changes in activity 
levels to varying degrees are given.  

 
198. COMA estimated average PAL values to be 1.41; this relatively low PAL was seen to be 

in keeping with the sedentary life style of the UK population. An analysis of the range and 
distribution of PAL values (described in Appendix 2) shows that average PAL values were 
likely to have been underestimated by COMA. A PAL value of 1.4 is lower than the values 
observed for 90% of the subjects in the reference adult population examined for this report 
(see Appendix 10) which has similar levels of overweight and obesity (approximately 60%) 
as in the current UK population. The likely reason for this discrepancy was under-
appreciation of the influence of routine activities of daily living on energy expenditure. 
Median PAL values identified for teenagers and adults, 1.75 and 1.63 respectively, are each 
higher than the previously assumed population PAL value of 1.4. The underestimate of PAL 
by COMA led to EAR values also being underestimated.  

 
199. The proposed EAR values in this report are therefore generally higher for teenage boys 

(up to 9%) and girls (up to 15%), and for all adults by up to 16%. The factorial model was 
not previously used for pre-adolescent children and these new values represent lower EAR 
values (by between 1-18%) for infants and children from 3 months up to the age of 10 years, 
(see Appendix 11). 

 
o For older adults, evidence indicates EAR values estimated for adults should also be 

applied whilst general health and mobility are maintained (see paragraphs 137-139). In 
advanced old age with reduced mobility EARs are likely to decrease as PAL declines.    

 
200. In this report, revised PAL values have had the most significant impact on the proposed 

EARs, being up to 16% higher.   The estimated BMR values are slightly lower than those 
used by COMA1 as a result of the Henry prediction equations being used in place of those of 
Schofield but these differences are minor compared with the changes to PAL values.   
 

201. The reference population identified for estimation of the adult energy reference values 
comprises predominantly overweight and obese individuals (mean BMI=28: range 18-43). 
This population was deemed to be appropriate because the distribution of BMI was similar to 
that in the current UK population. No relationship was observed between the distribution of 
BMI and activity levels (PAL values) within this population group. The risk of overweight 
and obesity was therefore independent of measured TEE (see Appendix 10, Tables 42 and 
43); these data did not show that low or high PAL values were more or less likely to be 
associated with a positive energy imbalance. This is not to underestimate the importance of 
proposals for increased physical activity for the general health of the population, referred to 
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in paragraph 207 below.  
 

202. The following general statement describes the energy requirements of adults, with the 
principle illustrated by Figure 4.  It should, however, be viewed with caution given the 
limitations of the data (outlined in paragraph 203).  The energy intake reference value for the 
current adult population balances an energy expenditure on average of about 1.63 x BMR, 
with BMR varying with bodyweight, age and gender; this value can be assumed to be 
maintained in old age as long as subjects remain mobile and independent.  Rates of energy 
expenditure and consequent requirements vary markedly between individuals, mainly as a 
result of lifestyle, but also through individual behavioural characteristics. Within the 
population the overall range is normally between about 1.38-2.5 x BMR; PAL values can fall 
as low as 1.27x BMR and may exceed 2.5, but such low and high values are not thought to 
be sustainable. Although it is inherently difficult to predict rates of energy expenditure for 
individuals or population groups, for those judged to be either less or more active than 
average, representative PAL values of 1.49 and 1.78 are appropriate.  Individuals may 
require less or more than the reference values, but individual appetite generally helps match 
intakes with expenditure. For individuals leading lives with little physical activity, but 
maintaining bodyweight, energy expenditure and hence requirements could be increased by 
about 0.15 x BMR by 30 minutes of moderate intensity exercise on five days of the week (as 
currently recommended by UK health departments), 0.2 x BMR by a brisk walk of 1 
hour/day or 0.3 x BMR by participation in significant amounts of sport or strenuous leisure 
activity for 60 minutes, 5 times per week.  Individuals entering training for competitive 
aerobic sporting activities may increase TEE by 0.6 x BMR.  For very old people in whom 
activities become limited, energy expenditure and requirement is likely to be at the low end 
of the physiological range.  
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Figure 4.  Schematic representation of energy expenditure and consequent energy requirements 
of men and women as a function of the physical activity (PAL) value a. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
aThe distribution of PAL values is that of the reference population discussed in Appendix 10. The likely increases in 
PAL and consequent energy needs shown for various activities are those identified in Table 10 and include the 
current recommendations from UK health departments (30 minutes of moderate intensity exercise on five days per 
week, PAL increase of 0.15).  These increases are shown as they would affect individuals with initial PAL values of 
1.5, 1.6 and 1.7. However as explained in Table 22, Appendix 2, the actual increase in PAL associated with a 
specific activity will vary to a small extent with the initial PAL, i.e. with the intensity of the activity replaced. This 
means that the actual increases will be slightly less than the values shown especially for subjects with high initial 
PAL values. 
 

203. As described above, based on the best available evidence a case can be made that the 
EARs for teenagers and adults should be increased due to COMA’s1 previous 
underestimation of habitual physical activity and hence TEE. The proposed EAR estimates 
are based upon a much larger body of evidence than was available in 1991.  However, it is 
important to note the insecurities in: the data sets (reference population) from which they are 
derived, including the paucity of data for younger adults aged 18-30 years; the methods used 
to calculate EAR, PAL and BMR values from TEE; and in the measurement of TEE itself 
(see Appendix 1).   

 

204. The approaches used previously by COMA and in this report have produced reference 
values that ‘band’ population subgroups according to the mean EAR value for that group.  
This approach results in the reference value being too low for some people and too high for 
others.  Caution is therefore required when applying these EAR values to groups since a 
mismatch between energy intake and energy expenditure (unlike most nutrients) has major 

0
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less active EAR more active
1.49       1.63     1.78
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times/week (current UK recommendation)    
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public health implications; a proportion of any group would gain weight inappropriately 
while others would become undernourished if everyone received the same energy intake.  

 
 

205. The high prevalence of overweight and obesity in the UK population shows that, for the 
majority of people, energy intakes are in excess of energy requirements.  It is important that 
the proposed EAR values are not used to signal or encourage an increase in energy intake of 
the population as a whole; this would increase the prevalence and magnitude of overweight 
and obesity in the absence of a corresponding increase in energy expenditure. 

 

 
206. On the basis of current evidence regarding the impact of both diet and physical activity 

on the risk of weight gain (see Appendices 7 and 8), it is not possible to define the extent or 
nature of these two influences on weight gain in any detail.  Nevertheless, it is clear that both 
physical activity and a balanced diet have important roles in maintaining good health.  
Weight gain is only possible when energy is consumed in excess of requirements, so it is 
important that individuals are aware of their energy intakes relative to their energy 
expenditure.  Higher physical activity energy expenditures balanced by a higher energy 
intake in the form of a nutritionally balanced diet could be expected to yield health benefits, 
by both increasing fitness and overall nutrient intakes. 

 

207. Finally, it is important to recognise that for teenagers and adults the proposed, mainly 
higher EAR estimates in this report do not indicate increasing energy needs of these groups 
as a result of increasing activity. Instead, they represent a closer estimation of their energy 
needs at current activity levels. Available evidence, although limited, shows that increasing 
physical activity reduces the risk of becoming obese. SACN fully endorses current public 
health recommendations from the UK health departments regarding physical activity; that 
adults should aim to achieve at least 30 minutes of moderate intensity activity on five or 
more days of the week while children and young people should aim for 60 minutes every 
day.  If the UK population respond to such recommendations, PAL values and consequent 
energy reference values would increase: i.e. closer to the current 75th centile identified for the 
“more active” population and further increases in balancing energy intakes would be 
appropriate. 

   
RECOMMENDATIONS WILL BE MADE FOLLOWING THE SCIENTIFIC 
CONSULTATION. 
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Glossary  
 
  

Accelerometry A non-calorimetric method of assessing free 
living energy expenditure by monitoring 
activity and movement.   

Adenosine triphosphate (ATP)  The cofactor that acts as an intermediate 
between catabolic, anabolic and energy 
expenditure reactions  

Adipose tissue Body fat storage tissue. Distributed under the 
skin and around body organs. Composed of 
cells that synthesise and store fat, releasing it 
for metabolism in fasting.  

Anthropometry Body measurements made non-invasively to 
assess body composition, physiological 
development and nutritional status.    

Basal metabolic rate (BMR) Rate at which the body uses energy when it is 
at complete rest, when food and physical 
activity have minimal influence on 
metabolism.  

Body Mass Index (BMI)  An index of weight adequacy and obesity of 
older children and adults. Weight in 
kilograms divided by the square of height in 
meters.  

Dietary Reference Value (DRV) A term used to define the various expressions 
of estimated dietary requirements in 
individuals and population groups. DRVs 
comprise of 3 levels of intake Lower 
Reference Nutrient Intake, Reference 
Nutrient Intake and Estimated Average 
Requirement (see glossary entry). 

Direct calorimetry Calorimetry is a method of energy 
expenditure measurement. Direct calorimetry 
is a measure of heat output from the body, as 
an index of energy expenditure.  

Doubly labelled water (DLW) The stable (non radioactive) isotope method 
for estimating energy expenditure in free 
living individuals over extended periods up to 
several weeks.  Subjects consume water 
containing isotopes hydrogen (2H2) and 
oxygen (18O).  

Energy balance  The difference between metabolizable energy 
intake and total energy expenditure. A neutral 
energy balance occurs when energy intake is 
equal to energy expenditure.  

Estimated Average Requirement (EAR) This is an estimate of the average 
requirement for energy or a nutrient. It is the 
appropriate level by which adequacy of 
intakes of populations, but not individuals, 
can be judged. 

Post exercise O2 consumption (EPOC) Excess O2 consumption following exercise. 
Small increase in energy expenditure 
following exercise which persists for some 
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time after the exertion itself has been 
completed. 

Fat Mass  The component of body composition made 
up of fat.  

Fat Free Mass (FFM) The non fat component of body composition 
comprising muscle, bone, skin and organs. 

Food frequency questionnaire  A method for assessing past dietary intake.  
A questionnaire asking the frequency of 
consumption of foods over a day/week/month 
etc. 

Gross Energy (GE) The total maximum amount of energy 
contained within food, determined by 
measuring the heat released after complete 
combustion to carbon dioxide and water.  

Glycogen  The storage carbohydrate in the liver and 
muscles. A branched polymer of glucose 
units.  

Heart rate monitoring (HRM) A method for measuring free living energy 
expenditure. Heart rate is monitored minute 
by minute throughout the day using portable 
meters. The energy expenditure at a given 
heart rate can be estimated using an 
individual linear regression line of the 
relationship between oxygen consumption 
and heart rate.  

Heat Increment of Feeding Increased heat production following 
consumption on food. 

Homeostasis The control of key components, (such as 
temperature and blood constituent 
concentrations) to ensure consistency and 
physiological normalisation.   

Hyperglycaemia Elevated plasma concentration of glucose, 
caused by failure of the normal hormonal 
mechanisms of blood glucose control.  

Hypoglycaemia Abnormally low concentration of plasma 
glucose.  

Indirect calorimetry  Calorimetry is the measurement of energy 
expenditure. Indirect calorimetry is the most 
commonly used approach. It is the 
calculation of energy expenditure by the 
measurement of oxygen consumption and 
carbon dioxide production. 

Insulin resistance  Reduction in the biological activity of insulin 
sensitive peripheral tissues, which results in 
reduced disposal glucose from plasma for any 
given concentration of insulin.  

kilojoule (kJ) / megajoule (MJ) Units used to measure the energy value of 
food, 1kJ=1000 joules, 1MJ = 1 million 
joules 

Lipolysis  The breakdown of fat molecules e.g. 
triglycerides.  

Lower Reference Nutrient Intake (LRNI)  Two notional standard deviations below the 
mean (or EAR). Represents the lower limit of 
the distribution of nutrient requirements 
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within a population. For an individual, an 
intake below this level is almost certainly 
inadequate. For populations this intake 
should not be used to define deficiency since 
it will markedly overestimate deficiency 
prevalence.  

Metabolizable energy (ME)  The energy contained within food that is 
available to human metabolism.  

Metabolic equivalent (MET) Unit of measurement of heat production by 
the body; 1 MET ≡ 3.5 ml O2 . kg-1 . min-1 

Net Metabolizable energy (NME) The actual ATP producing capacity of foods.  
Non exercise activity thermogenesis (NEAT) 
 

Increase in energy expenditure due to 
involuntary activity/behaviours such as 
fidgeting, muscle tone, posture maintenance.    

Physical Activity Level (PAL) Daily total energy expenditure (TEE) 
expressed as multiple of Basal metabolic rate 
(BMR). It is calculated as TEE divided by 
BMR.  

Physical activity-related energy expenditure 
(PAEE) 

The component of energy expenditure related 
to physical activity.  

Physical Activity Ratio (PAR)  Energy cost of different physical activities 
per unit of time expressed as a multiple of 
BMR.  

Reference Nutrient Intake (RNI) Two notional standard deviations above the 
mean (or EAR). Represents the upper limit of 
the distribution of nutrient requirements 
within a population. For an individual, an 
intake above this level is almost certainly 
adequate. For populations this intake should 
not be used to define adequacy since it will 
usually be less than the intake sufficient to 
meet the nutritional needs of most of the 
population. 

Resting metabolic rate (RMR) Rate at which the body uses energy when it is 
at rest. Sometimes used interchangeably with 
BMR but RMR is not measured at the 
standardised metabolic state and can include 
TEF and EPOC. 

Thermic Effect of Food (TEF) The increase in heat production by the body 
after eating, due to both the metabolic energy 
cost of ingestion, digestion and the energy 
cost of forming tissue reserves of fat, 
glycogen and protein.  

Total Energy Expenditure (TEE) The sum of all the energy expended by an 
individual over the course of one day. It 
includes BMR, PAEE and TEF and 
represents the average amount of energy 
spent in a typical day.  

US DRI (dietary reference intakes) US term for dietary reference values 
(includes the terms average requirement, 
Recommended Daily Amount and tolerable 
upper levels for supplements) 
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Glossary of Statistical terms 
 
Linear Regression Analysis: 

• Simple linear regression - A statistical method that attempts to explain the relationship 
between a dependent variable and a single independent variables by fitting a linear 
equation to the observed data. 

• Multiple linear regression – The regression of a dependent variable on more than one 
independent variable. 

 
Multiple regression techniques - Techniques by which multiple linear regression models are 
assessed to determine the independent variables that have the greatest influence on the dependent 
variable. 
  
Determination, Coefficient of – Also referred to as R-squared value.  The square of the product 
moment correlation between two variables, so called because it expresses the proportion of the 
variance of one variable, Y, given by the other, X, when Y is expressed as a linear regression on 
X.  More generally, if a dependent variable has multiple correlation R with a set of independent 
variables, R-squared is known as the coefficient of determination. 
 
Standard Error of Estimates (SEE) – is a measure (estimate) of the accuracy of predictions 
(the estimated standard deviation of the error in the model).  Note that the true value is unknown, 
by definition, so the standard error of an estimate is itself an estimate. 
 
Unweighted mean – The mean of a set of observations in which no weights are attached to 
them, except in the trivial sense that each is weighted equally. 
 
Post-hoc Analysis – Refers to statistical analysis after the data has been collected and 
investigating trends that were not specified before the study was conducted.   
 
Confidence intervals – Gives a range around the estimate of a mean from a sample such that if 
samples of the same size are taken repeatedly from the same population and a confidence 
interval is calculated for each sample then 95% of these intervals should contain the true 
population mean. 
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6 Abbreviations 
 
ATP   Adenosine Triphosphate 
BMI   Body Mass Index  
BMR   Basal Metabolic Rate 
COMA  Committee on Medical Aspects of Food and Nutrition Policy 
CV   Coefficient of Variation 
DLW     Doubly Labelled Water 
DRI    Dietary Reference Intake 
DRV   Dietary Reference Value 
EAR    Estimated Average Requirement 
EE    Energy Expenditure 
EFS    Expenditure Food Survey 
EI    Energy Intake 
EPOC    Excess Post Exercise Oxygen Consumption 
FAO/WHO/UNU  Food and Agriculture Organisation/World Health Organisation/United 

Nations University 
FFM    Fat Free Mass 
FFQ    Food Frequency Questionnaire 
FM    Fat Mass 
GDA    Guidance Daily Amount 
GE    Gross Energy 
HR    Heart Rate 
HRM    Heart Rate Monitor 
HSE    Health Survey for England 
J   Joule 
KJ    Kilojoule 
ME    Metabolizable Energy 
MET    Metabolic Energy Equivalent 
MJ   Megajoule 
NDNS    National Diet and Nutrition Survey 
NFS    National Food Survey 
NME    Net Metabolizable Energy 
NEAT    Non-Exercise Activity Thermogenesis 
PA   Physical Activity 
PAEE    Physical Activity Energy Expenditure 
PAL    Physical Activity Level 
PAR    Physical Activity Ratio 
REE    Resting Energy Expenditure 
RMR    Resting Metabolic Rate 
RQ    Respiration Quotient 
SACN    Scientific Advisory Committee on Nutrition 
SEE   Standard Error of Estimate 
SI    System of Units 
SPA    Spontaneous Physical Activity 
TEE    Total Energy Expenditure 
TEF    Thermic Effect of Food 
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Appendix 1. Doubly labelled water technique  
 
208. The doubly labelled water (DLW) technique is a minimally invasive stable isotopic 

method of measuring CO2 production in free living subjects over a period of several weeks. 
The subject drinks a weighed amount of the DLW containing known amounts of the stable 
isotopes of hydrogen (2H) and oxygen (18O2), based on their body weight.  The isotopically 
labelled water equilibrates with normal body water and a sample is taken typically after 
about 5 hours to measure the initial isotope enrichment which also indicates from isotope 
dilution the size of the total body water pool.  As water is lost from the body in urine, sweat 
and evaporation from the lungs during normal water turnover, the labelled water containing 
2H and 18O2 is lost. However 18O2 in water exchanges with the oxygen in CO2 because of 
the carbonic anhydrase reaction. This means that CO2 excretion will also result in an 
additional loss of 18O2  as C18O2. This means that 18O2 leaves the body faster than 2H, the 
difference being proportional to CO2 production. Loss of the two isotopes from body water 
is assessed by measurement of the rate of decline in concentration of the isotope in a sample 
of the subject’s urine or saliva, collected during the study period, and measured by isotope 
ratio mass spectrometry.  The difference between the elimination rates of the two isotopes 
reflects the rate at which CO2 is produced from metabolism. Energy expenditure can then be 
estimated from the CO2 production rate after assigning an energy value to CO2 calculated 
from the assumed average respiratory quotient (RQ) value (ratio of CO2 produced to the O2 
consumed), which is determined by the balance of macronutrients oxidised during the period. 
This in turn is assumed to reflect the composition of the dietary intake. 

 
209. The accuracy and precision of the DLW method for measuring energy expenditure is 

influenced by isotope fractionation during evaporative water loss and CO2 excretion.  
Corrections for isotopic fractionation of water lost in breath and (non-sweat) transcutaneous 
loss need to be made when using labelled water to measure water turnover or CO2 production 
133.  The technique, therefore, is based on assumptions about the amount of water lost from 
the body by evaporation and the extent of incorporation of 2H and 18O2 into body tissues, 
especially during growth.  This technique, however, provides an indirect measure of TEE and 
is the most accurate available measure in free-living subjects.  The TEE is the energy 
expended during a time period and, therefore, does not include the energy content of tissue 
laid down (growth, pregnancy, weight gain) or milk produced during lactation; these are 
estimated from analysis of tissue deposition and milk secretion.  The TEE does include the 
energy required for tissue synthesis during a time period. 

Methodology critique 
 
210. Although the DLW method has become established as the method of choice for the 

estimation of free living TEE, uncertainties exist about its application and, consequently, in 
the interpretation of published DLW studies.  As this report relies almost entirely on 
information on energy expenditure determined by the DLW method some of the important 
issues in relation to the reliability of DLW studies are briefly discussed. 

 
211. The application of the technique has not been standardised, with different approaches 

taken in both laboratory isotopic analysis and in the experimental design of the measurement 
of 18O2 and 2H2 turnover in body water.  The three most widely used approaches are the 
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‘slope-intercept’, ‘2-point’ and ‘modified’ methods of calculation. This lack of 
standardization means its potential high precision (the within-individual CV for the 
validation of energy expenditure from DLW against respiratory gas exchange) is not always 
realised.  A double-blind between-laboratory variability study identified substantial between-
laboratory variability in results, in some cases with precision as low as 35% and with some 
reporting physiologically impossible results134.  This seems to reflect analytical error rather 
than methods of calculation or the approach used to assess isotope decay rates.  The different 
approaches are in principle equally valid although some reviewers suggest that collecting 
samples repeatedly over the measurement period rather than by collecting them only before 
and after the measurement period may decrease the error to a small degree.  Of the data sets 
assembled for this report the adult values from the Beltsville study62 involved the multipoint 
slope-intercept approach while the OPEN study135 involved the 2-point approach. However 
the data set assembled for children and adolescents involve reports from many different 
laboratories so that between investigator errors could represent cause for concern in our 
identification of energy reference values for this population group. 

 
212. Estimates of measurement precision vary between investigators.  Not all document error 

terms for the dose, background determinations or uncertainties in fractionated evaporative 
water loss and RQ.  A change in background 18O2 enrichment in water during the study 
because of travel or a change in the dietary water source could affect the final CO2 
production rate, especially in subjects where very low isotopic dosing is used.  Observed 
variation in repeated measurement studies will reflect both methodological error as well as 
actual variation in TEE due to a change in behaviour, making interpretation difficult.  In one 
study, careful duplicate measurement of TEE in six adult women at a 6 month interval 
indicated that the within-subject coefficient of variation (CV) for TEE was 7.8%, most of 
which was estimated by the investigators to be physiological variation (6.4%) due to 
variation in activity136.  They also reviewed 16 studies with at least two DLW measurements, 
which indicated the reliability of the method to be 7.8%, except under conditions of high 
water flux.  

 
213. Within the OPEN study, repeated isotopic analysis and repeated DLW measurement in a 

subset of 25 subjects identified an overall CV of the TEE measurement of 5.1%, of which 
2.9% was due to analytical and 4.2% due to within individual physiological variation135. 
Others have identified a value for analytical variation of 4%137.  Within the Beltsville study 
repeat DLW measurements were conducted in a subset of 32 subjects and identified an 
overall CV of 12.6%.  As the repeat measures were more than 1 year after the initial 
measurements, unlike the OPEN subset study which compared repeat measures after 2 
weeks, it might be expected that variation would be larger.  Some of the individuals in the 
Beltsville subset study62 exhibited TEE in the second study of only 50% of the first.  This 
highlights the difficulty of identifying rates of TEE within free living populations of 
relatively small sample sizes.  

 
214. The application of the DLW approach usually involves 7-14 day measurements; however 

how representative this is of energy expenditure in the longer term is unknown.  The 
Beltsville subset study points to potential errors in this assumption, e.g. the r2 of the second 
measure compared with the first was only 0.35.  Individuals are likely to change their 
physical activity with time because of differences in seasons and other reasons resulting in 
potentially considerable within person variability.  Concerns have been expressed about this 
issue138 and about the design of the OPEN Study due to the within-person CV of TEE (5.1%) 
which appears too low when compared with values obtained from a quantitative review of 
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the reproducibility of TEE measured by DLW in 25 studies with repeated measurements139.  
In this latter review, estimates of 8% for within-subject variation in DLW measurements 
were reported. This estimate included analytical errors plus inherent within-subject biological 
variation in energy expenditure due to changes in weight, season and physical activity. This 
biological variation increased as might be expected with increased time between 
measurements to about 15% at a time span of 12 months.  The authors of the OPEN study140 
subsequently reanalysed the data from studies examined in the review and found that for 
studies of only free-living subjects (as in the OPEN study) within person variation did not 
increase with time.  The Beltsville study, however, shows a large increase in the CV when 
replicate studies are conducted over a longer time period. 

 
215. Another potential concern is the influence of growth on measurements due to 

sequestration of isotope within body tissues during the study.  Deuterium can be incorporated 
into tissues during reductive biosynthesis especially of fat and cholesterol.  Such 
sequestration would decrease the difference in 2H2 and 18O2 decay rates and lead to an under-
estimation of CO2 production and energy expenditure.  The extent to which this is a problem 
is a difficult question to resolve. Technical problems in assessing the relative influences of 
isotope sequestration and isotope fractionated water loss, which have opposite influences on 
estimation of TEE, make the effect on TEE measures in rapidly growing infants difficult to 
assess.  A consensus review141 concluded that under extreme anabolic conditions and using 
pessimistic assumptions regarding de novo fat synthesis, the maximum error in estimation of 
TEE due to 2H sequestration could be 5% but that ‘it seems unlikely that the error would be 
as high as this under many circumstances’. 

 
216. The extent to which increasing body fat can influence the method is also an issue. One 

study in obese and lean subjects identified an underestimation of TEE by DLW of 0.285 
MJ/day for each additional 10 kg of fat142. Others, however, have failed to observe such an 
effect 143.  

 
217. Another potential problem is recruitment bias. Subject selection in any study requires 

subjects to either volunteer or to agree to participate when randomly approached and this 
raises the possibility of the healthy volunteer effect with study subjects atypical of the 
general population, in this case more physically active with higher than average rates of TEE.  
In a validation study for NDNS, DLW studies were conducted in a small adult population 
(n=66) indicating mean PAL values of 1.73 (range 1.36- 2.2) for women and 1.88 (range 
1.37- 2.50) men. These values are on average higher than those of the two large population 
studies used in this report to identify adult population PAL values possibly because they 
exhibited the healthy volunteer effect (although it could simply reflect the smaller cohort 
size). For the OPEN study, volunteers were derived from a random sample of 5000 
households so the healthy volunteer effect is likely to be less than in the Beltsville study with 
subjects recruited through advertisements and letters of invitation. The fact that the 
distribution of TEE was so similar in these two studies would tend to suggest that recruitment 
bias was not a significant factor. 

Summary 
 
218.  It is likely that recent DLW studies have benefited from the experience gained with the 

method over 25 years of its use.  The data set of DLW studies used to derive the EAR for 
children and adolescents in this report, however, includes a wide range of studies assembled 
over many years and by many investigators.  Although technical problems can be minimal 
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with careful investigators, some caution must be used in examining this data set.  
 
219. More importantly, however, is the difficulty posed by true, within-individual variation in 

physical activity and consequent TEE.  To illustrate this the repeat DLW assessments of TEE 
conducted more than 1 year after the first measurement in the Beltsville study are given 
below (see Table 18)62.  The within-subject average CV for TEE of 12.6% was just over half 
the between-subject average value of 22.8% for the larger whole cohort.  Some of this latter 
figure reflects between-subject variation in TEE with size through BMR.  After adjusting for 
BMR and calculating PAL there is a lower CV of 15.4%. During the within-subject repeat 
measurements of TEE, the subjects were generally weight stable and the BMR would not be 
expected to have changed.  This means that most of the variance must reflect change in 
physical activity.  The within-subjects CV and the CV of the between-subject PAL values are 
similar: 12.6 % compared with 15.4%.  This indicates the difficulty of identifying energy 
requirements with any certainty for individuals and small groups of subjects, which are likely 
to reflect average values for extended periods of time. 

 
Table 18.  Beltsville DLW data set: within and between subject variability 

  within subject CV* 
% 

between subject CV** 
% 

  TEE n TEE n PAL n 
Normal  12.1 19 20.2 210 16.2 203 
Overweight  12.4 14 22.4 186 14.4 179 
Obese  15.5 9 20.8 101 15.4 96 
All subjects  12.6 42 22.8 497 15.4 478 
* as reported by Moshfegh et al (2008)62 
**Calculated directly from the data set 
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Appendix 2. The physical activity level (PAL) and its use in 
the prediction of energy requirements 

Theoretical aspects of calculation of PAL and its factorial prediction 

PAL as an index of TEE adjusted for BMR 
 

220. The daily rate of total energy expenditure, (TEE), for individuals or groups can be 
expressed as a multiple of basal metabolic rate (BMR), which has been defined as the 
physical activity level (PAL).  This allows prediction of TEE and consequent energy 
reference values as PALxBMR each of which represents a physiologically generalizable and 
predictable term. The introduction of the concept by FAO/WHO/UNU in 198533 was 
considered a simplifying approach to the determination of energy reference values. Thus 
BMR, a relatively fixed function of body composition, which is predictable as a function of 
weight, age and gender, is separated from all other components of energy expenditure which 
are assumed to be variable. These other components reflect dietary intake, through the heat 
increment of feeding, miscellaneous thermogenic influences, and lifestyle in terms of 
physical activity.  Thus in principle PAL is an index of TEE adjusted for BMR, which should 
mean it is independent of weight, age and gender. While most have embraced the concept, 
important reservations have been expressed59;144  with preference given to an alternative 
approach based on multiple regression techniques to develop prediction models of TEE as a 
function of measured predictor variables such as body weight or age. These reservations need 
to be addressed.  

 
221. Firstly it has been implied59 that this factorial approach is not sufficiently evidence based. 

This presumably refers to the approach as introduced by FAO/WHO/UNU 198533 when in 
the absence of an extensive database of measures of TEE, not only BMR but also PAL was 
predicted from time allocated calculations of PAR values (activity cost/BMR). As discussed 
below there are limitations with PAL values determined in this way but direct assessment of 
PAL from measured TEE and BMR is evidence based. 

 

222. Secondly it is argued that body weight predicts more of the variance in TEE than RMR 
and consequently “the regression based approach provides a more physiologically 
appropriate model for TEE, as compared to the PAL approach which assumes TEE is 
composed of multiples of RMR59”. Body weight could explain more of the variance in TEE 
than BMR if a) within the population group under examination variability of physical activity 
is relatively small and b) any influence of weight on physical activity is very marked, but 
within the data sets examined here there is little evidence that these conditions apply. For the 
adult data set (Appendix 10), the regression of TEE on weight, height, age and gender has the 
same r2 value (0.62) as that for TEE on BMR (0.63) with BMR capturing all the variance in 
TEE associated with weight, height, age and gender in a factorial regression model. Analysis 
of the large DLW data sets for children and adults published in the US DRI report20 shows 
that for adults weight was not a significant predictor in a multiple regression with weight and 
RMR (r2 values: RMR = 0.56: weight= 0.34). With children144 where the variance in PAEE 
is less marked than in adults, according to the DRI data sets of individual values for children, 
RMR explained slightly more of the variance in TEE than weight (r2 =   0.88 for RMR and 
0.82 for weight). Thus PAEE is an important determinant of the variance in TEE in children 
and adults with only a minor relationship with bodyweight. On this basis regression models 
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of TEE with body weight are arguably physiologically limited since they fail to account for 
the main between individual source of variation in energy expenditure, PAEE.  

 
223. Thirdly a theoretical argument against the BMR multiple approach has been presented59 

that “the PAL model assumes a linear relationship between TEE and RMR that has a slope 
equivalent to PAL and a zero intercept” and that “The presence of significant and variable 
intercepts in the regression equations relating total energy expenditure to either RMR or 
weight invalidates the use of the traditionally used ratios (i.e., TEE/RMR or TEE/body mass) 
for expressing total energy expenditure data”.  

 
224. In fact the PAL model as used in this report makes no assumptions about the regression 

relationships between TEE and BMR and such relationships are not strictly relevant to the 
discussion of the use of PAL within the factorial model of describing TEE. This is because it 
has never been suggested that PAL should be calculated as the slope of a linear regression of 
TEE on BMR for a population group.  With information on TEE and BMR, individual 
subject PAL values can be calculated. In this way the distribution of PAL values for the 
population group can be calculated and the way in which PAL varies with age, body weight 
and any other demographic variable can be usefully examined.  This has been the approach 
adopted for this report. 

  
225. Much of the criticisms and confusion over the BMR multiple approach derives from 

attempting to fit linear regressions to DLW data derived from studies of children. In this case 
there does appear to be somewhat less variance in physical activity at any particular age or 
weight and in addition there is on average, an increase in physical activity and consequent 
PAL values with these variables. This means that the relationship between TEE and BMR is 
not linear. With small data sets analysed by linear regression the between individual variation 
in PAEE will give varying slopes and intercepts which will be inversely correlated and it is 
therefore not surprising that this has been observed by Carpenter et al (1995)144. In the 2004 
FAO/WHO/UNU report13 while a simple linear regression of TEE on weight was 
satisfactorily applied to infants in the first year of life, for children aged 1-18 years a 
quadratic polynomial regression equation of TEE on weight was derived from the DLW TEE 
data. PAL values were then extracted from this analysis by comparing TEE with BMR for 
each age group. These PAL values increased with age and the variance in PAEE at any age 
was expressed by calculating PAL values ±15% for children after the age of 5 years. This 
change with age in PAL is apparent in the data set of mean TEE, BMR and PAL values 
assembled in this report for children (see Appendix 9). There is an obvious and marked 
increase in PAL after the age of three and then to a lesser extent in older children (Figure 11 
Appendix 9): i.e. the plot of TEE on RMR is clearly curvilinear as PAL increases with age. 
Only when weight becomes a minor predictor of PAEE but explains most of the variance in 
BMR will the slope of TEE on BMR tend towards the mean PAL and the intercept tend 
towards zero. This is observed within the combined Beltsville-OPEN adult data set61;62 
assembled for this report. As shown in Figure 16 (Appendix 10), the intercept of the line of 
best fit of TEE on BMR is not significantly different from zero and the slope is similar to the 
median PAL.   

 

226. The question of variation of PAL with body weight i.e. the influence of body weight on 
the energy cost of specific activities is nevertheless an important issue which needs to be 
examined separately. When the use of PAL was introduced by FAO/WHO/UNU in 198533 

PAL values were estimated with factorial calculations of time allocated energy costs of 
individual activities, expressed as PAR values. These were used to identify categories of 
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activities based on lifestyles, so that those engaged in identifying energy requirements could 
make such calculations for specific population groups. To this end lists of PAR values for 
activities are reproduced in the recent FAO/WHO/UNU report13 (on the basis of a 
comprehensive review34), and MET values for various activities are listed in the US DRI 
report20. Thus, each of these reports assumes that having derived a PAL value for a particular 
lifestyle, it can apply equally to individuals regardless of body weight. However, careful 
calorimetric studies have shown this to be not strictly the case: i.e. PAR values increased 
with weight145. The directly measured energy costs of  a fixed programme of work expressed 
as a BMR multiple increased with body weight between 48 and 80kg by about 13% of the 
mean cost of the activity. This was consistent with theoretical calculations reported by the 
authors. The implications of this are that the energy requirements of adults engaged in similar 
tasks will be higher in large compared with smaller adults. The authors showed that for a 
40kg adult, the energy requirement calculated as PAL x BMR with PAL derived from 
measurements of PAR values for the specific activities in a 70kg adult will be an 
overestimation of about 10%. 

 
227. However this effect of body weight on PAR values for specific activities is only of 

practical importance on the assumption that PAL can be calculated from a factorial, time-
allocated list of the PAR values with any confidence. As discussed below, such predictions 
of PAL values are unlikely to be accurate and are not recommended in this report. 

 
228. The final issue of general importance for this report is whether there is an influence of 

gender on PAL. Gender differences in PAL and hence the predicted energy requirement was 
a feature of the 1985 FAO/WHO/UNU33 energy report and the 1991 COMA DRV report1.  
Gender differences in behaviour are said to influence overall TEE, and hence PAL values, 
for similar lifestyles or activities146.  However most studies have failed to identify differences 
between men and women in PAEE or PAL, and both recent reports argue that average energy 
costs of activities expressed as a multiple of BMR, or PAR, should be similar for men and 
women13;20.Within one meta-analysis of DLW derived TEE values, PAL values were 
observed to be 11% lower in women than men, but it was not possible to identify whether 
this reflected an absence of subjects recruited from more active groups or a general tendency 
of women to be less involved in strenuous activity14.  In the DLW data sets examined in this 
report no differences in PAL with gender were identified for children or adults.  

 
229. In summary therefore none of the concerns expressed above regarding the use of the 

BMR-multiple approach are likely to be of importance within the framework of this report. 
As developed below, estimates of PAL values for population groups are best derived from 
individual measurements of TEE and BMR and not by regression approaches. Within the 
adult data set assembled here there is no evidence of any significant variation of PAL with 
either weight or gender (Appendix 10). For children, individual PAL values do show some 
increase with age and weight but these are almost certainly behavioural changes with 
development which in no way detract from the validity of the use of the BMR-multiple 
approach.  

Factorial estimation of PAL 
 
230. When the concept of PAL was introduced by FAO/WHO/UNU in 198533  it was implicit 

that PAL values could and would be estimated from the time allocated summation of 
individual activity energy costs expressed as PAR values. This formed the basis of the 1991 
COMA report on DRVs1, and the principle is embodied within both recent reports13;20. This 
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approach is not adopted here for the following reasons. 
 
231. Firstly, there is disagreement about how to use published PAR values for the calculation 

of PAL. FAO/WHO/UNU13 used PAR values from a list compiled specifically for the 
report37. The authors of the US DRI report20 express concern that factorial calculations from 
published PAR values may underestimate daily TEE because of lack of specific inclusion of 
energy expenditure associated with feeding (TEF) or EPOC. In that report20 PAR values 
were derived from a list of MET values for specific activities (1MET = a fixed rate of oxygen 
consumption/kg). The MET values were converted to the BMR multiple PAR values (a ≈7% 
reduction) and then increased by 26.5% to account for TEF (10%) and EPOC (15%: i.e. 
increase by 1.15*1.10, see legend to Table 21). Thus the factorial calculations in this report 
were made from values which were about 26.5% greater than those in the FAO/WHO/UNU 
report13.  Because there is no evidence that this is justifiable in all cases, some PAR values 
may be overestimated by up to 26.5%. 

 

232. Secondly, even if PAR or ΔPAL values are known with certainty, variation in 
spontaneous physical activity (SPA24, see paragraphs 23-26), both within and between 
specific designated activities can introduce considerable error in factorial predictions of PAL. 
The concept of SPA or non exercise activity thermogenesis (NEAT147) is that energy 
expenditure is variable between individuals because of the variable expression of a 
behavioural phenotype associated with high levels of physical activity: i.e. SPA is an 
“inherent propensity to locomotion24”. This concept derived from observations of greater 
than expected variation in energy expenditure during calorimeter studies where “workout” 
type activity is restricted. In these circumstances activity is limited to daily living and 
postural changes yet PAL values ranged from 1.2-1.722-24 (see below). In free living 
circumstances the potential for such behaviour is more marked147 and calorimeter- measured 
PAL values predict the range of higher free-living PAL values24. It is highly unlikely that 
subjects with a high SPA phenotype would ever exhibit the range of PAL values associated 
with the sedentary category of 1.40-1.69 identified by FAO/WHO/UNU13 even if they had 
the seated occupations assumed for this category.  
 

233. Thirdly, some individuals may have what is to some extent the opposite of the SPA 
phenotype, exhibiting marked compensatory reduced activity after periods of intense 
activity. Such a phenotype has not been widely investigated but has been reported in at least 
one study in which quite variable PAL values were observed in subjects engaged in highly 
controlled work activities145. PAL varied markedly between 1.53 and 2.08 mainly because of 
marked differences in discretionary activities. Thus subjects with the lowest DLW-
determined PAL values (1.58 n=5) reverted to the basal state between-work periods 
exhibiting mean PAR values for discretionary energy expenditure of 1.02. The rest of the 
group exhibited discretionary PAR values averaging 1.89 (n=8) with higher average PAL 
values (1.95).  

 

234. The existence of such behavioural phenotypes is increasingly being recognised within the 
context of energy balance regulation23;25 although their frequency within populations is 
currently unknown. Nevertheless for such phenotypes, energy expenditure is unpredictable 
within factorial models which have been deployed to date. In other words, there may be a 
continuous spectrum of behavioural activities ranging from fidgeting while being otherwise 
stationary and choosing to walk up escalators briskly rather than stand still on them to 
adopting a resting posture whenever the possibility presents. Some indication of the extent of 
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this is can be identified from studies showing individual PAL values within specific activity 
categories reviewed below.  

Observed variation in PAL within specific population groups 
 
235. Many published studies of PAL values of population subgroups only include mean 

values, but where individual values are reported a much greater range of PAL values is often 
observed than would be anticipated. As already indicated 24-h restricted activity studies 
within a calorimeter have repeatedly shown wide variation in PAL values: from 1.15-1.7 in 
one report of 177 subjects22 and  from 1.20-1.65 in a second report24, in the latter case with 
individual values correlating with free living DLW-measured PAL (1.35-2.15). PAL values 
of urban Chinese adults with manual or sedentary occupations classified into activity 
categories varied within these categories by up to 0.7148.  Within a group of inactive men and 
women studied prior to a training programme the range of PAL values was 1.5-2.2149. In a 
study of older people investigating energy expenditure, self reported physical activity and 
mortality, there was no relationship between self reported activity and PAL even though PAL 
predicted mortality117. 

 
236. The difficulty of predicting PAL values in terms of reported or measured physical 

activity is exemplified by a study of men with sedentary occupations but varying levels of 
physical activity150.  Figure 5 shows a comparison of PAL with either measured activity time 
or activity categories predicted by the authors from the activity diaries. The relationship 
between measured PAL and recorded physical activity is only moderate. Thus total active 
leisure time and activity level category explain only 41 and 48% of the variation in PAL. 
Subjects with a PAL ≥2 recorded leisure activities ranging from 35 to 229 minutes per day 
and were categorised into categories 2-5. Within three of the 5 categories individual PAL 
values varied by 0.6 and the difference in PAL between the lowest subjects in category 5 and 
the highest in category 1 was only 0.17 PAL units. The authors of this study emphasise the 
large differences which can occur between highly active individuals with a large exercise 
capacity compared with untrained individuals in the potential energy expended in tasks 
which are only loosely defined within activity diaries. This explains some of the poor 
correlation shown in Figure 5. Whatever the explanation for the discrepancy, it is clear that if 
the energy requirements of these subjects were individually predicted from their activity 
categories, there would be substantial errors.  
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Figure 5. Relationship between PAL and measured leisure time activity and categorised activity 
level349 

 
237. Within a data set of DLW studies in healthy adults assembled for this report, all of the 

studies which report PAL values (n=63) were examined for descriptions of the 
activities/lifestyles of the subjects.  Just over half the studies (n=33) provide no information, 
but for those that do (n=30), the mean PAL values were assigned to categories of light, 
moderate or heavy, with those studies with a mixture of activities assigned to moderate. The 
values in Table 19 show that, notwithstanding the somewhat arbitrary assignment to activity 
categories, the range of mean study PAL values is considerable, especially in the “light” 
category (1.23-1.98).  

 

Table 19.  Mean PAL values from DLW studies assigned (where possible) to activity groups 

Number of studies Activity category* PAL value 
  mean range 
33 none 1.73 1.42-1.97 
15 light 1.67 1.23-1.98 
12 moderate 1.84 1.63-2.01 
3 heavy 2.09 1.91-2.48 
63 all 1.75 1.23-2.48 

* activity categories assigned on the basis of written comments by study authors 
 
238. Although we have not conducted an exhaustive review, it is clear that considerable 

variation in overall rates of TEE and PAL occur within subjects who would be classified as 
exhibiting similar lifestyles.  As the values shown in Table 19 are mean study values, the 
range of individual values will, in fact, be much wider but because so few studies report 
individual PAL values within occupational or lifestyle categories, the extent of inter-
individual variability of PAL is hard to judge.  Thus with the exception of groups at the 
extreme of the range (either very restricted or with high levels of physical activity) the 
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relationship between PAL and lifestyle, or even self-reported physical activity, appears to be 
weak. Because of this, predictions of PAL values are unlikely to be accurate and are not 
recommended in this report. 

Magnitude and variation in PAL within the general population 

Observed lower and upper limits of PAL 
 
239. The FAO/WHO/UNU 1985 report identified the lower limit of PAL, a ‘survival’ value, 

to be 1.27, which is consistent with studies assembled elsewhere in non-ambulatory chair-
bound and non-exercising subjects confined to a calorimeter (where PAL values of 1.17-1.27 
were observed)15. 

 
240. The lower limit of energy expenditure in subjects who are ambulatory but only exhibiting 

the minimal activities associated with daily living (e.g. grooming, showering and dressing), 
is between 1.35 and 1.429-31.  In grossly obese subjects confined to a whole-body calorimeter 
following a standardised sedentary protocol apart from two 30-min exercise periods (30 min 
of cycling at 25W and 30 min of stepping on and off a 20-cm block at a rate 40/min) mean 
PAL values were 1.35 (1.27-1.42)143. In free- and independently-living healthy extreme 
elderly subjects, the mean PAL value (after trimming for PAL values <1.1) was 1.3832.   
 

241. The US DRI report compiled a list of activities of daily living, which accounts for about 
4 hours in total and amounts to a ΔPAL of 0.2920.  This is reported to equate to a sedentary 
PAL of 1.39, i.e. 1+0.1(TEF) +0.29.  Such calculations, however, can only be relevant for 
subjects in the basal state for 20 hours per day. In any case the listed activities may 
overestimate actual costs since they include additions of energy expenditure (≈28%) to allow 
for corrections in TEF and EPOC.  
 

242. Overall, a PAL value of 1.38 seems the likely lower limit for free living individuals.  This 
suggests that the upper limit of the sedentary PAL range (1.4) suggested in the US DRI 
report is too low.   

 
243. The upper limit to human physical activity is that exhibited for limited periods of time by 

elite endurance athletes  and soldiers on field exercises, for whom PAL values between 3 and 
4.7 have been reported15;27.  The maximum PAL value associated with a sustainable lifestyle 
within the general population, however, appears to be about 2.5 14;28.   This value has been 
supported by subsequent studies in long term exercising women 151 and physically active 
men 14;28;152;153. 

Observed magnitude and variation in PAL  
 
244. Several large data sets of TEE measures have been made available to the Committee 

which contain individual PAL values. These include the US DRI data set20, the Beltsville 
study62 and the OPEN study60;61.  Although the OPEN study did not measure BMR, this has 
been calculated using the Henry BMR prediction equations based on weight and height.  The 
distribution statistics for these three large data sets are shown below in Table 20. Details of 
the OPEN and Beltsville cohorts are given in Appendix 10. 

 
245. The US DRI data set of adults aged 18 or more years (n=767, 360 overweight or obese 

and 407 normal weight) includes the data in the Black et al. (1996) analysis14.  There is a fall 
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in PAL with age, most notably in terms of lower values in the small sample at ages greater 
than 80 years for both the normal and overweight/obese populations.  Gender differences in 
mean PAL values are only apparent within the overweight/obese group, but the difference is 
small.  The characteristics of this data set shown in Table 21 are those after trimming to 
exclude the very old (aged >80 years).  The median (1.72) is higher than the median values 
for the OPEN and Beltsville studies.  The US DRI data set is, however, a collection of many 
individual studies with much smaller sample sizes, and cannot be considered as 
representative of a normal adult population.  There may be an over representation of subjects 
with PAL values >2, i.e. very physically active subjects, as indicated by the 90th centile value 
of 2.10 compared with 1.96 and 1.92 for the Beltsville and OPEN studies, respectively.  

 
Table 20.  Distribution of PAL values of large data sets 

Distribution 
boundaries 

US DRI 
(n=724; age 18-80y) 

OPEN 
(n=451; age 40-69y) 

Beltsville 
(n=478; age 30-69y) 

10th centile 1.38 1.40 1.32 
lower quartile 1.55 1.49 1.46 
median 1.72 1.61 1.62 
upper quartile 1.92 1.77 1.78 
90th centile 2.10 1.92 1.96 
 
 
246. In the OPEN study 60 mean PAL values fall slightly with age (from 1.70 at 40 to 1.57 at 

70), are slightly higher for women than men (by 0.04 units), but are independent of weight or 
BMI.  The distribution pattern of PAL values is clearly shifted downwards compared with 
the US DRI data set values. 

 

247. In the Beltsville study62 there is no change of PAL with age or with BMI (by regression 
or with category).  Thus the possibility that the energy cost of physical activity may be 
affected by adiposity154-156 does not seem to influence the range of PAL values within normal 
and obese subjects.  The distribution is similar to the OPEN study for the lower and upper 
quartiles and median, which, to some extent, lends confidence to the calculation of BMR in 
the OPEN data.  For the Beltsville study, however, the 10th centile is slightly lower (1.32) 
and the 90th centile is slightly higher (1.96), than in the OPEN study (1.40 and 1.92). 

 

248. The characteristics of PAL values within the combined OPEN-Beltsville cohort are 
shown in Appendix 10. 

Observed effect of additional physical activity on PAL 
 

249. The energy cost of additional amounts of sport or strenuous leisure activity has been 
considered in terms of ΔPAL values.  One widely quoted meta-analysis of DLW studies14 
reported that mean PAL values increase from 1.63 to 1.99 with imposed activity (physical 
training) on a low activity background.   

 
250. Adults with normally sedentary occupations who did not exercise or play sport on a 

regular basis increased PAL by 0.41(0.04-0.81: from 1.59: range 1.43-1.68, to 1.99: range 
1.66-2.42)  with  a 9 week incremental programme of  jogging up to 1 h/d, 5 d/week)157: 
Inactive men and women following a 40 week incremental running programme sufficient to 
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enable running a half marathon increased their mean PAL values by 0.44  PAL units  above 
their initial range of 1.5-2.2)158: obese boys achieved a mean increase of 0.27 with a 4 week 
training program of cycling for 45 minutes 5 times/week at 50-60% of VO2max (i.e. from 
1.77 (±0.15) to 2.04 (±0.15)159. The implications of these studies in the light of theoretical 
calculations of the likely response of PAL to exercise are considered at the end of this 
section. 

 
251. Individuals involved in competitive sport or who have habitual high levels of physical 

activity exhibit PAL values up to 0.6 units higher than those who do not take regular 
exercise.  In a small number of healthy men, there was a mean difference in PAL of 0.64 
between competitive runners (PAL = 2.26) and those reporting no leisure activity153.  In 
women aged 50-70 years there was a mean difference in PAL of 0.61 between long-term 
exercisers (PAL= 2.48:range 1.60–3.43) or long-term non exercisers, (PAL= 1.87: range 
1.63–2.25)151.  

Predicting the effect of additional physical activity on PAL 
 

252. The US DRI report lists the energy cost of various activities in terms of METs and ΔPAL 
values20.  Selected examples, including those for walking, are given in Table 21, together 
with actual additional rates of energy expenditure associated with the activities calculated for 
standard woman (57kg age 30-60 years) and man (70kg age 30-60 years)57.  As indicated 
above, such ΔPAL values are calculated from METs after adjustment of the equivalent PAR 
value to include an additional 26.5% to account for TEF and EPOC.  The calculations are 
similar but not exactly the same (see note b) and could be overestimates if the MET values 
were not obtained in subjects in the basal state. They will be higher than equivalent values 
quoted by FAO/WHO/UNU and others34.  The ΔPAL values are the increases in the daily 
PAL expected when the 1 hour of the activity (mean PAR-1/24) replaces the BMR.  The 
ΔPAL values shown in Table 21 are slightly lower than those in the US DRI report because 
the reference BMR values are slightly different and the additions for EPOC and TEF are 
made a little differently (x 1.15 x 1.10 =+26.5% in the SACN report and x 1.15 x 
1/0.9=+27.8% in the US DRI report). The PAR values can be compared with directly 
measured values in men with light occupations and variable leisure activities while walking 
at moderate pace (2.54), walking briskly or carrying a load (4.09) and jogging or running 
(13.1)152.  By and large the values compare well. 
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Table 21.  Influence of activities on PAL 

Activity METsa PARb ΔPAL  
/10 minc

kJ(kcal)/10 min d ΔPAL  
/h e 

kJ(kcal)/h d 
      woman man woman man 

Walking (2mph) 2.5 2.9 0.013 71(17) 91(22) 0.08 436(104) 559(134)
Walking (3 mph) 3.3 3.9 0.02 109(26) 140(33) 0.12 654(157) 839(201)
Walking (4mph) 4.5 5.3 0.03 164(39) 210(50) 0.18 981(235) 1258(301)
Tennis (doubles) 5 5.9 0.034 185(44) 238(57) 0.2 1091(261) 1398(335)
Dancing 6 7.1 0.042 229(55) 294(70) 0.25 1363(326) 1748(418)
Roller Skating 6.5 7.7 0.046 251(60) 322(77) 0.28 1527(365) 1957(469)
Swimming 7 8.2 0.05 273(65) 350(84) 0.3 1636(392) 2097(502)
Walking(5 mph) 8 9.4 0.058 316(76) 405(97) 0.35 1908(457) 2447(586)
Jogging (6 mph) 10 12 0.08 436(104) 559(134) 0.46 2508(600) 3216(770)
Rope skipping 12 14.1 0.091 496(119) 636(152) 0.55 2999(718) 3845(920)
Squash 12 14.1 0.091 496(119) 636(152) 0.55 2999(708) 3845(920)

a:1 MET =0.0175 kcal/minute/kg 
b: Energy expenditure as a multiple of the BMR, calculated from METs as follows.  

1. Conversion to PAR BMR/multiple values: BMR is calculated as mean BMR value for reference women 
(57kg age 30-60)=0.0159kcal/min/kg), and reference man (70kg age 30-60) =0.0166kcal/min/kg: Henry 
BMR prediction equations41. The resulting PAR value is 7% lower than the MET value. 

2 Addition of 26.5%* for EPOC and the thermic effect of feeding. Note that ΔPAL values are slightly lower 
than those in the DRI report because the reference BMR values are slightly different and because the 
additions for EPOC and TEF are made slightly differently (x 1.15 x 1.10 =+26.5% here and x 1.15 x 
1/0.9=+27.8% DRI report).  

Overall these changes mean that the PAR value is 17.7% greater than the MET value. 
c: = (PAR-1)/144 
d: = (PAR-1)/24 
 
253. It is important to recognise that the overall effect of an additional activity at some fixed 

rate will have a variable effect on the PAL value according to the magnitude of energy 
expenditure which it replaces, even if no other changes in energy expenditure occur.   

 
254. In the US DRI report the factorial calculations of PAL values from MET and ΔPAL 

values for various activities such as those shown in Table 21 (e.g. walking (4mph) ≡ 0.18 
ΔPAL) involve an assumption that each activity replaces the BMR.  This implies in turn that 
its effect on PAL will be the same for all individuals.  In practice, much of the non-sleeping 
time energy expenditure is greater than BMR and may even be much higher for those 
exhibiting a high SPA phenotype.  The effect of an additional activity, such as 1 hour/day 
walking at 4mph, will be to replace activity likely to be at a higher rate than the BMR and 
will, therefore, result in a lower increase in PAL.  Thus individuals with a low rate of 
background discretionary activity will experience a higher overall increase in PAL for the 
extra activity, than those with a higher background rate.   

 
255. This is shown in Table 22, where 1 hours walking at 4 and 5 mph or jogging 10-min 

miles (ΔPAL values of 0.18, 0.35 and 0.46, PAR values of 5.3, 9.4 or 12.0), replace 1 hours 
activity in subjects exhibiting PAL values of 1.5, 1.6 or 1.7.  Such PAL values in subjects 
sleeping for 8 hours a day imply average discretionary PAR values of 1.75, 1.9 and 2.05.  
Substitution of an average hour of discretionary activity with 1 hour of the increased physical 
activity will result in actual new PAL and ΔPAL values which are 10-25% less than the listed 
ΔPAL value for the activity. For high SPA phenotypes additional planned activity may have 
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little effect on overall energy expenditure and PAL.  Only if the new activity replaced a 
period of complete inactivity (PAR=1) will the expected increase be observed.   If the 
additional activity resulted in a period of compensatory reduced activity as discussed above, 
the overall effect would be even less than indicated.  These calculations show the difficulty 
of calculating a planned change in energy expenditure.  In practice, however, because the 
variation in the magnitude of ΔPAL with mean discretionary PAR is small, and given the 
insecurities involved in such calculations, this uncertainty is not considered in this report (see 
paragraph 141).   

 

Table 22.  Influence of specific additional activities on PAL in subjects with varying initial PAL 
values 

                                                         1 hours additional planned activity 

  
4mph 
walking 

5mph 
walking 

10min mile 
jogging 

 PARa 5.3 9.4 12.0 
 ΔPALb 0.18 0.35 0.46 
Initial 
PAL 

Mean discretionary 
PARc new PALd (actual ΔPALe) 

1.5 1.75 1.65 (0.148) 1.82 (0.320) 1.93 (0.427) 
1.6 1.9 1.74 (0.142) 1.91 (0.313) 2.02 (0.421) 
1.7 2.05 1.84 (0.135) 2.01 (0.307) 2.11 (0.415) 

a: Values from Table 21 
b: = (PAR-1)/24: assuming the activity replaces a period at the BMR 
c: assuming 8 hrs at PAR =1(sleeping)  
c: calculated as the1hr activity replacing 1 hr at the mean discretionary rate 
e: new PAL-initial PAL 
 
256. Overall, these theoretical calculations indicate that PAL can be increased by about 0.2 for 

one hours brisk walking (with brisk defined as slightly faster than 4mph), about 0.4 by one 
hours jogging at 6 mph, and up to about 0.6 by an intense aerobic exercise programme 
associated with training for competitive sport.  This allows a re-examination of a widely 
quoted statement derived from a DLW meta-analysis14;15 that 30-60 minutes of active sport 
4-5 times per week can raise PAL by about 0.3 units.  On the basis of the ΔPAL values in 
Table 21 and if ‘active sport’ is equivalent to jogging at ΔPAL per hour of about 0.43,  then 
30 minutes a day for 4 days a week and 60 minutes a day for 5 days a week would raise PAL 
on average by about 0.12 and 0.31, respectively.  Thus a more accurate statement would be 
that 60 minutes of active sport 5 times per week can raise PAL by about 0.3 units and this is 
generally consistent with the observed effects discussed in paragraphs 249-251 above.   

 

PAL values in relation to health outcomes 
 
257. The US DRI report discusses a ‘Physical Activity Level Consistent with a Normal Body 

Mass Index’ in terms of one hour of moderately intensive physical activity (walking at 4 
miles per hour) resulting in an increase of 0.2 PAL units20. The FAO/WHO/UNU 2004 
report identified a desirable PAL value of 1.75 or more13.  

 
258. Information on the relationship between PAL and mortality has recently been published 

in a prospective study of healthy older adults (n=302; aged 70 to 79 years)117.  TEE was 
determined using the DLW technique and BMR by indirect calorimetry.  Over an average of 
6.15 years of follow-up, participants in the upper tertile of PAEE (PAL greater than 1.78) 
had a reduced risk of all-cause mortality (HR 0.43, 95% CI 0.21-0.88; Ptrend = 0.02) than 
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those in the lowest tertile (PAL less than 1.57).  Thus this objectively measured free-living 
PAEE was strongly associated with lower risk of all-cause mortality in these healthy older 
adults.  The published Kaplan-Meier Survival Plots indicate that the separation of survival 
statistics between the tertiles did not occur until after 2 years following the initial measures.  
This suggests that the increased mortality in the lowest PAL tertile was not due to reverse 
causality (i.e. subjects exhibiting low PAL values because they were ill and at increased risk 
of mortality), but this cannot be ruled out.  Although the intensity and type of physical 
activity was not objectively measured, physical activity questionnaires suggested that the 
proportion of individuals who reported high-intensity exercise and walking for exercise, in 
terms of both duration and intensity, was similar across tertiles of free-living activity energy 
expenditure.  This implies that simply expending energy through any activity may influence 
survival in older adults and that specific, high intensity exercise per se may not be required to 
produce health benefits.   

Utilizing PAL values to determine reference energy intakes 
 
259. Notwithstanding the uncertainties of predicting PAL for population groups, it remains the 

case that all previous dietary energy recommendations have recognised the need to include a 
variable physical activity factor in the derivation of energy requirements for school children 
and adults.  Although criticisms have been levelled at the BMR x PAL approach, no 
satisfactory alternative has been identified.  There are two major considerations in the 
practical application of this approach: identifying suitable PAL values appropriate for groups 
and populations; and utilizing this information to derive energy reference values. 

 
260. In the past, starting with the 1985 FAO/WHO/UNU report, a range of PAL values have 

been determined by factorial calculations which equate to occupation and lifestyle, with the 
intention of providing guidance to the health-care professional using the reports in making a 
judgement about the appropriate PAL value for individuals and population groups.  The 1991 
COMA DRV report 1 required a choice from a 3 x 3 matrix of PAL values (three 
occupations, three leisure activities), for each gender over a range of 1.4-1.9 for men and 1.4-
1.7 for women.  In addition, a table of EAR values calculated for nine PAL values from 1.4 
to 2.2 is given.  The FAO/WHO/UNU report 13 classified the intensity of a population’s 
habitual physical activity into three categories identified by a range of PAL values for each 
category: sedentary or light activity 1.40-1.69, active or moderately active 1.70-1.99, 
vigorous 2.00-2.40, with worked examples using the midpoint of these three ranges.  The 
report then listed tables of  daily average energy requirements calculated for six PAL values 
(1.45, 1.60, 1.75, 1.90, 2.05 and 2.20) with further worked examples for individuals or 
groups with PAL values not included in the list ( i.e. PAL =1.8).  The implication of both the 
1991 COMA DRV and FAO/WHO/UNU13 reports is that it is possible to utilize the 
information on PAR values for activities to predict PAL values for specific population 
groups to within 0.05-0.1 of a PAL value.   

 

261. The  US DRI report20 included physical activity factors in the prediction equations for 
TEE for men and women based on weight, height, age and the physical activity variable 
(PA).  
 

262. The PA factor, which scales the weight and height factors, results in the equation 
containing a form of PALxBMR, since the height and weight factors should capture the 
BMR data (in fact, calculations with the published DLW data set within the report, show that 
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the prediction equations calculate the same values for TEE as PAL x predicted BMR). The 
PA variable is not PAL per se, but constants assigned to each of the four PA categories 
(sedentary, low active, active, or very active).  For men these were: 1.0, 1.11, 1.25 or 1.48; 
and for women: 1.0, 1.12, 1.27, or 1.45.  In effect, this results in four parallel prediction 
equations for each gender, one for each PAL category.  The user of the report must choose 
the appropriate PA factor by locating the individual or population group under consideration 
within one of four PAL ranges.  It is not clear how these PAL ranges have been derived, but 
factorial calculations of PAL are derived in the report from lists of ΔPAL values for various 
activities.  The examples shown are for PAL values of 1.39 (sedentary), 1.49 (low active), 
1.75 and 1.77 (active) and 2.06 (very active).  Assuming that the sedentary PA factor of 1.0 
is equivalent to a PAL of 1.39, then the other PA factors in the equation are equivalent to 
PAL values of 1.54, 1.74 and 2.06 (men) and 1.56, 1.77 and 2.02 (women), which generally 
correspond to the worked examples.  

 
263. Because the user of the US DRI report is required only to locate an individual within a 

PAL range rather than a precise PAL value, this makes it, to some extent, simpler than 
FAO/WHO/UNU procedure13.  Indeed, with a lower limit of PAL for free living individuals 
of about 1.38 (see above), few subjects in any population would be assigned to the sedentary 
category leaving the choice to be made between one of the other three categories.  This 
review has emphasised that choice between adjacent PAL categories would be difficult.  
Miscategorisation between adjacent categories would result in predicted TEE, and hence 
energy reference values, being 13-18% too high or low for subjects in the middle of each 
category, or up to 40% for individuals at the top or bottom of ranges.   

 
264. It is clear from the above that the inter-individual variability of PAL is such that it is an 

unrealistic expectation that PAL values can be predicted for specific lifestyle-dependent 
population groups with the precision implicit in any of these previous reports.  Furthermore 
little can be said about the health implications of specific PAL values. Nevertheless the 
definition of TEE and the energy requirement for a population group on the basis of 
PALxBMR remains a sound principle and an alternative approach to its use is therefore 
required.  

 
265. The simplest approach is to decide that TEE for population groups can only be defined on 

the basis of direct measurements of reference populations from which average PAL values 
and their distribution can be identified. Thus medians and ranges of PAL values can be 
identified with reasonable confidence for population subgroups defined only in terms of age, 
BMI and gender, assuming only that reference population groups are appropriate. This 
allows prediction of TEE for these populations as a function of the BMR. Dietary reference 
values can then be framed against such distributions. Such framing could involve an average 
(median)  reference intake for the population together with lower (e.g. 25th centile) and 
higher (e.g. 75th centile) values identified for those representing the less active or more active 
sections of the population and with additional amounts of energy likely to be needed for 
lifestyle changes associated with additional activities.  

 

266. Such advice is clearly a major departure from previous approaches for adults although it 
is in principle similar to the approach adopted by FAO/WHO/UNU in their recommendations 
for children. However it is an approach which recognises the reality that prediction of 
individual rates of energy expenditure is inherently problematic.  
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Appendix 3. BMR prediction equations  
 
267. The factorial calculation of energy reference values as a BMR multiple for any 

population group identified in relation to age, gender and size, requires appropriate  BMR 
prediction equations.  Also, one of the two large DLW data sets used in this report60 did not 
measure BMR values so that extraction of PAL values can only be done with the use of 
predicted BMR values. 

 
268. The FAO/WHO/UNU energy report13 calculated BMR with Schofield equations53;54 (see 

Table 23). It has been shown that Schofield predictive equations may overestimate BMR in 
many communities and alternative prediction equations, the Henry equations (see Tables 25 
and 26), based on either weight or weight and height have been devised 57 (see paragraphs 
270-271). 

  
269. The validity of all published predictive equations for resting energy expenditure was 

tested in US and Dutch overweight and obese adults aged 18–65 years 58. The accuracy of the 
Henry equations (% of subjects predicted within ±10% of the RMR measured) was 79%, 
which was as good as, or better than, all other equations tested, including the Schofield 
equations (69% accurate).  Against a cohort of Dutch overweight and obese subjects, 
however, all prediction equations performed less well.  

  
270. The two sets of prediction equations were tested against the US DRI DLW database20 in 

which BMR values were measured for most subjects (n=767, age 20-96, BMI 18.5-62, Men 
n=334; women n=433).  The calculated statistics included accuracy, the root mean squared 
prediction error (RMSE), and the mean, minimum and maximum % difference, (bias), 
between predicted and measured RMR, as well as mean values for BMR and PAL. 

 
271. The differences between the prediction equations were small, but both Henry equations, 

especially those based on weight and height, performed slightly better.  As a result, the 
Henry equations based on weight and height were chosen to predict BMR in this report. 

 

272. The inclusion of height, as well as weight, in the Henry prediction equations is 
particularly appropriate as the range of ideal adult weights was generated from BMI and 
height categories within BMI bands.  Calculation of BMR from height and weight resulted in 
only minor differences in the predicted BMR compared with weight alone.  The difference 
between the weight alone and weight+ height equations as a percentage of the BMR were, 
for men, mean =0.93, RMS =1.64, minimum -2.7 maximum 5.6, and for women, mean 
=0.27, RMS =2.53, minimum -6.5 maximum 5.7.  

 
273. The difference between prediction equations (see Table 26) was least for weights 

calculated from mean heights for each BMI category (i.e. % differences for men: mean 0.66, 
RMS 1.07, maximum 3.23, minimum -0.38, compared with weights calculated from lower 
and upper 2.5 centiles of height (mean 0.66, RMS  1.91, maximum 5.62, minimum -2.72).  
Percent differences for mean heights for women were mean 0.45, RMS 0.92, minimum -1.51, 
maximum 2.18 compared with weights calculated from lower and upper 2.5 centiles of 
height (mean -0.1, RMS  3.68, maximum 5.74, minimum -6.51. 
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Table  23.  Prediction equations for BMR*: Schofield ≠ 13 

 Age (y) BMR: MJ/day BMR:kcal/day 

 Y 
Coefficient 
weight: kg const 

Coefficient 
weight: kg const 

Males <3 0.249 -0.127 59.51 -30.4 
 3-10 0.095 2.110 22.706 504.3 
 10-18 0.074 2.754 17.686 658.2 
 18–30 0.063 2.896 15.057 692.2 
 30–60 0.048 3.653 11.472 873.1 
 >60 0.049 2.459 11.711 587.7 
      
Females <3 0.244 -0.130 58.317 -31.1 
 3-10 0.085 2.033 20.317 485.9 
 10-18 0.056 2.898 13.38 692.6 
 18–30 0.062 2.036 14.818 486.6 
 30–60 0.034 3.538 8.126 845.6 
 >60 0.038 2.755 9.082 658.5 
* Coefficients and constants shown for equations of the form  BMR =coefficient x weight (kg) + constant 
≠ Equations as quoted by FAO/WHO/UNU 2004 which derive from Schofield, 1985 54. These differ slightly from 
those quoted by Henry (2005) 57 which derive from Schofield, et al. (1985)53-55. 
 
Table 24. Prediction equations for BMR*: Henry weight and height57 

Gender Age BMR: MJ/day BMR:kcal/day 

 (y) 
Coefficient 
weight: kg 

Coefficient 
height(m) constant 

Coefficient 
weight: kg 

Coefficient 
height(m) constant 

Males <3 0.118 3.59 -1.55 28.2 859 -371 
 3-10 0.0632 1.31 1.28 15.1 313 306 
 10-18 0.0651 1.11 1.25 15.6 266 299 
 18–30 0.0600 1.31 0.473 14.4 313 113 
 30–60 0.0476 2.26 -0.574 11.4 541 -137 
 >60 0.0478 2.26 -1.070 11.4 541 -256 
        
Females <3 0.127 2.94 -1.2 30.4 703 -287 
 3-10 0.0666 0.878 1.46 15.9 210 349 
 10-18 0.0393 1.04 1.93 9.40 249 462 
 18–30 0.0433 2.57 -1.180 10.4 615 -282 
 30–60 0.0342 2.1 -0.0486 8.18 502 -11.6 
 >60 0.0356 1.76 0.0448 8.52 421 10.7 
* Coefficients and constants shown for equations of the form  BMR = coefficient x weight (kg) + coefficient x 
height (m) + constant 
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Table 25.  Prediction equations for BMR*: Henry weight 57  

Gender Age BMR: MJ/day BMR:kcal/day 

 (y) 
Coefficient 
weight: kg constant 

Coefficient 
weight: kg constant 

Males <3 0.255 -0.141 61.0 -337 
 3-10 0.0937 2.15 23.3 514 
 10-18 0.0769 2.43 18.4 581 
 18–30 0.0669 2.28 16.0 545 
 30–60 0.0592 2.48 14.2 593 
 >60 0.0563 2.15 13.5 514 
      
 60–70 0.0543 2.37 13.0 567 
 >70 0.0573 2.01 13.7 481 
      
Females <3 0.246 -0.0965 58.9 -23.1 
 3-10 0.0842 2.12 20.1 507 
 10-18 0.0465 3.18 11.1 761 
 18–30 0.0546 2.33 13.1 558 
 30–60 0.0407 2.90 9.7 694 
 >60 0.0424 2.38 10.1 569 
      
 60–70 0.0429 2.39 10.2 572 
 >70 0.0417 2.41 10 577 
*Coefficients and constants shown for equations of the form  BMR =coefficient x weight (kg) + constant 
 
Table 26.  Comparison of BMR prediction equations against the US DRI data set 

 
  

BMR PAL   Accuracy RMSE Bias% 
mean sd Mean sd % mean Mean Min Max 
kcal/d       kcal/d       

Reported 1524 300 1.71 0.29         
Predicted values          
Henry wt and ht 1514 273 1.71 0.29 73 114 -0.32 -33 35 
Henry wt 1509 292 1.72 0.30 70 121 -0.32 -33 35 
Schofield/FAO 1531 278 1.69 0.28 69 123 1.33 -36 43 
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Appendix 4. Factors affecting energy expenditure  

Body size and composition  
 
274. Energy expenditure is related to body size.  Both height and weight are important 

determinants of energy expenditure.  In general, larger people have more tissue mass than 
smaller people and therefore have a higher BMR.   

 
275. The metabolically active tissue mass of the body is termed fat-free mass (FFM) and 

comprises muscle, bone, skin and organs.  FFM is the principal determinant of inter-
individual variation in BMR and RMR, after adjustment for body size160-167.  Fat mass (FM) 
has been observed to account for a small amount of the inter-individual variation in BMR 
and RMR in most studies164-172, but not all173;174.   

 

276. In adults, variation in the composition of FFM, after adjustment for body size, may also 
account for a small amount of the inter-individual variation in BMR and RMR 162;163;175-177. 

 
277. In infants, children and adolescents, there is an increase in BMR with age, due to growth 

and increasing body size.  Body composition changes during growth.  At birth, the newborn 
is about 11 % FM.  Progressive fat deposition in the early months results in a peak in the 
percentage of FM (about 31%) at 3 to 6 months, which declines to about 27% by 12 months 
of age41.  During infancy and childhood, girls grow more slowly than boys and girls have 
slightly more body fat.  During adolescence the gender differences in body composition are 
accentuated39.  In boys there is a rapid increase in FFM, coinciding with the rapid growth 
spurt in height, and a modest increase in FM during early puberty, followed by a decline; in 
girls, adolescence is characterised by a modest increase in FFM and a continual accumulation 
of FM. The pubertal increase in FFM ceases after about 18 years of age39. 

 
278. Body mass and body composition have been shown to impact on PAEE and TEE in 

children178;179 and adults14;144;180-186.   
 
279. In adults, however, and on a population basis and up to a moderate level of fatness (BMI 

< 30 kg/m2), the relative proportions of FFM and FM are probably unlikely to influence 
energy expenditure in ways other than through their impact on body weight63.  In adults with 
higher percentages of body fat composition, an effect on the mechanical efficiency of 
movement can increase the energy expenditure associated with weight-bearing activities187.   

 
280. Overweight and obese individuals have been shown to have higher absolute TEE than 

normal weight individuals, because of the effect of a higher BMR associated with increased 
body size, both FM and FFM64;65.  This observed increase in energy expenditure is not in 
direct proportion to body weight since, when expressed per kg, both TEE and PAEE decline 
with increasing BMI64.   

Gender 
 
281. Gender differences in energy expenditure are largely accounted for by differences in 

body size and composition. Women have a lower percentage FFM than men, i.e. they have a 
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higher percentage FM, and so absolute energy expenditure is lower in women.  After 
adjustment for body size and composition, BMR and TEE have been observed, in most 
studies, to be lower in girls188-190 and women191-194;194;195; however, some studies have 
observed no differences in energy expenditure between sexes after adjustment for FFM in 
children 178 and adults 196;197.   

 
282. In pre-menopausal women, a small increase in BMR, RMR, sleeping metabolic rate and 

TEE during the luteal phase of the menstrual cycle, has been observed in several 
studies191;198-208, although not all209-212.  This suggests an effect on energy expenditure by sex 
hormones; in premenopausal women, pharmacological suppression of oestrogen and 
progesterone release has been observed to reduce RMR199.  There have been no longitudinal 
studies of energy expenditure in women across the menopausal transition to determine 
whether the natural withdrawal of sex hormones influences energy expenditure.  It has been 
speculated that suppression of ovulation with contraceptives could prevent the increase in 
energy expenditure observed in the luteal phase207, but results from studies investigating the 
effect of contraceptive drug use on energy expenditure have been equivocal206;210;212;213.  

Age 
 
283. There is a decline in BMR with older age and this is mainly attributable to the 

progressive loss of FFM observed with aging 214; however, a small decline in BMR with age, 
independent of any age-related changes in FFM, has been observed in most cross-sectional 
studies 165;197;215-222, but not all 223;224.  The age-related decline in BMR was fully accounted 
for by a reduction in FFM and proportional changes in its metabolically active components in 
one study in healthy subjects 216.   

 
284. It is unclear whether changes in the BMR with age are entirely a result of changes in 

body composition or whether this is related to other factors, e.g. a decline in sodium-
potassium ATPase activity, decreased muscle protein turnover, and changes in mitochondrial 
membrane protein permeability225.  A difficulty encountered in studies of the effects of aging 
on the decline in BMR is the differentiation of the aging process itself from common age-
associated diseases and the subsequent effects on organ metabolic rates, e.g. left ventricular 
hypertrophy216. 

 
285. Physical activity energy expenditure has been observed to decline with aging 225;226, but 

the results from studies investigating an effect of aging on diet-induced thermogenesis have 
been inconsistent227;228.  

Genetics 
 
286. Genetic inheritance potentially influences all factors affecting inter-individual variation 

in energy expenditure, for example body size and composition, and a familial influence on 
RMR, independent of FFM, age, and sex, has been reported173;229.  Genotype association 
studies have largely been restricted to candidate genes whose dysfunction might reasonably 
be expected to have an effect on energy expenditure.   

 
287. Overall, the results do not show a consistent effect on energy expenditure of any of the 

different genotypes studied thus far: the adrenoceptors (ADRB1 230;231; ADRB2 232; ADRB3 
233;233-239) the leptin receptor gene 240-242, the mitochondrial uncoupling protein genes (UCP1 
243-245; UCP2 210;245-250; UCP3 210;245 sodium-potassium ATPase genes (ATP1A1, ATP1BL1) 
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251 or the intestinal fatty acid binding protein 2 gene252;253). 
 
288. Several other individual studies have found associations between energy expenditure and 

genotypes for the glucocorticoid receptor gene254, interleukin-6 gene255, melanocortin-4 
receptor gene256;257 and the dopamine D2 receptor gene258.  Genome wide association studies, 
in several populations, have detected significant linkage on several chromosomes with 
measures of energy expenditure259-261. 

 
289. There have, as yet, been no clearly established relationships between specific genotypes 

and energy expenditure.   

Ethnicity 
 
290. Differences in body composition and FFM composition exist between different ethnic 

groups, for example between white and black262 and white and Asian263;264.   
 
291. Most studies, although not all 196;265-268, suggest that BMR, adjusted for differences in 

FFM and FM, is lower in black subjects than white subjects 194;196;210;269-285.  This difference, 
however, may be due to racial differences in the composition of FFM, i.e. metabolically 
active organ mass, rather than ethnic differences in metabolism 160;262;286-288. 

 
292. Racial differences in BMR, adjusted for body weight, between Asian and white appear to 

be accounted for by differences in FFM and FM 263;264.  Differences in body composition, 
therefore, appear to be mainly responsible for the reported differences in energy expenditure 
between ethnic groups.  

Endocrine state 
 
293. As discussed above (paragraph 282) sex hormones may affect energy expenditure.  Other 

hormones have also been implicated in the regulation of energy expenditure.   
 
294. Thyroid status is a major determinant of metabolic rate.  Hyperthyroidism increases while 

hypothyroidism decreases RMR 289.  It is unclear, however, whether variation within the 
normal physiological range of plasma thyroid hormone, tri-iodothyronine (T3), concentration 
is associated with variation in BMR, independently of FFM 165;171;290-299. 

 
295. Plasma noradrenaline concentration has been observed to be associated with RMR, 

adjusted for FFM 293;298, but not all studies have found this association 295. 
 
296. The hormone leptin is involved in energy balance and is produced primarily in white 

adipose tissue; it is subject to acute regulation, particularly by the sympathetic nervous 
system 300.  It is unclear whether variation in plasma leptin concentration is associated with 
variation in RMR, adjusted for FFM and FM 165;240;266;301-312. Some of the discrepancies 
observed may reflect problems in accounting for the confounding effects of FM on plasma 
leptin concentration 306.  Administration of leptin has not been shown to affect RMR 313-317, 
but during weight loss (negative energy imbalance) leptin may reduce the increased work 
efficiency of skeletal muscle, seen in response to energy restriction, and thereby reduce the 
observed decline in PAEE 318;319.  The influence of leptin on energy expenditure is, therefore, 
unclear. 
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297. Metabolic stress and fever have also been observed to increase BMR; this is discussed in 
Appendix 6.  

Pharmacological agents 
 
298. Smoking has been shown to increase energy expenditure to a small extent; 

sympathoadrenal activation by nicotine is thought to be primarily responsible for this effect 
66;210;320.  Caffeine has also been shown to increase energy expenditure to a small extent 321;322 
and to have an additive thermogenic effect to nicotine 66;321;323;324.  Administration of alcohol 
was not observed to have an acute effect on energy expenditure in one study 325, but chronic 
alcoholics have been observed to have a higher RMR, adjusted for FFM, than healthy social 
drinking controls 326 and abstinence from alcohol reduced the alcoholics’ RMR 327;328.  

 
299. Administration of glucocorticoids 329;330, adrenaline 331;332, amphetamines and some anti-

obesity drugs 333 have all been shown to increase energy expenditure; whereas, the 
administration of opiates 334 and barbiturates 335 reduce energy expenditure .  Growth 
hormone administration may increase energy expenditure 336, but this may be partly 
explained by increased FFM 337.  β-blockers (β-adrenergic antagonists) have also been shown 
to reduce RMR 338.   

Environment  
 
300. Decreases in body temperature, in response to cold exposure, are delayed by reducing 

heat loss via peripheral vasoconstriction and by increasing energy expenditure by shivering 
thermogenesis and increasing muscular activity 339, but as ambient temperature remains 
relatively constant for most people in the UK, shivering thermogenesis is unlikely to be a 
significant contributor to energy expenditure.   

 
301. A number of studies conducted in the UK and Holland asked adult subjects to execute the 

same daily activities protocol at different ambient temperatures.  The findings suggest that 
short-term variation (1-3 days) in ambient temperatures of between 16-28°C is inversely 
associated with sedentary TEE 340;340-347.  Any effect of ambient temperature on BMR, 
however, is less clear 340-348.   

 
302. Several studies have also reported seasonal variation in measures of energy expenditure, 

adjusted for FFM, suggesting an increase in energy expenditure during colder months 150;349-

351.  Seasonal differences in physical activity levels may also be a factor 152. 
 
303. Overall, these studies suggest that the variation in energy expenditure due to differences 

in environmental temperature can account for about 2-5 per cent of TEE.  The maintenance 
of indoor temperatures to within 20-25°C and the use of clothes to control body heat loss, 
however, mean that changes in ambient temperature are unlikely to impact much on energy 
requirements in the UK. 
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Appendix 5.  Physical Activity and weight  

Background 
 
304. The amount of energy expended during physical activity could affect an individual’s 

ability to maintain energy balance.  As PAEE is the most variable component of TEE, and is 
amenable to modification, changes in PAEE may affect risk of weight gain.  The rising 
prevalence of obesity has been attributed in part to population-level changes in PAEE 352;353.  
 

305. The aim of this Appendix is to consider the energy expended during physical activity in 
relation to risk of weight gain and obesity, and to determine whether a specific level of 
physical activity can be defined that is protective against a positive energy imbalance, and 
hence weight gain.   

Measuring physical activity 
 
306. Studies investigating physical activity have employed either subjective measures, based 

on self-report and questionnaires, or objective measures, based on measures of physiological 
response (e.g. heart rate) or bodily movement (e.g. accelerometers).  PAEE has been 
measured using the DLW technique. 

 

Subjective measures of physical activity 
 
307. Many types of physical activity questionnaires have been used in surveys and 

epidemiological studies; these can be global, single item or comprehensive in design.  The 
questionnaires can be self administered or completed by an interviewer.  Information 
obtained is often converted into a summary measure that is then used to categorise or rank 
the physical activity level of subjects.  Questionnaires can detail physical activities 
performed during a specified period, but their accuracy is limited, especially in assessing 
non-exercise physical activity 354.   

 
308. Children are less likely than adults to make an accurate self-reported physical activity 

assessment 355 and in children of younger age groups it is virtually impossible to obtain valid 
self-reported physical activity data 356. 

 
309. Even when physical activity questionnaires are logically constructed with attention to the 

different domains of activity, they are still relatively imprecise as a measure of PAEE 357.  In 
adults, subjective measures of physical activity have proved sufficient to demonstrate 
associations with many disease outcomes and have allowed the estimation of dose-response 
effects, but objective methods are more accurate and allow more precise estimations of dose-
response effects.  It has been suggested that many physical activity questionnaires have an 
arbitrary grading in their classification of relative activities, which can result in an 
overestimation 146.    
 

310. The use of objective measures of physical activity is required to elucidate the dose-
response relationship between physical activity and health, in addition to determining current 
levels of physical activity, monitoring compliance with physical activity guidelines and 
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determining the effectiveness of intervention programmes designed to improve physical 
activity. 

Objective measures of physical activity 
 
311. Some studies have used measures of cardiorespiratory fitness as a proxy for physical 

activity and have generally shown stronger associations with health outcomes than studies 
with self-reported physical activity as the exposure.  Cardiorespiratory fitness can be 
improved in a dose-response fashion by exercise training 358;359, however, measures of 
cardiorespiratory fitness do not describe the amounts and types of physical activity or the 
amount of energy expenditure associated with decreased disease risk 358; they may also be 
influenced by other environmental and genetic factors 360.  In children, there is only a weak 
association between cardiorespiratory fitness and the level of physical activity 361.  In relation 
to health outcomes, the level of physical activity appears to act independently of 
cardiorespiratory fitness, e.g. objectively measured physical activity has been associated with 
individual and clustered metabolic risk factors independently of cardiorespiratory fitness 362-

364.  Studies measuring cardiorespiratory fitness as a surrogate for physical activity have not 
been included in this Appendix. 

 
312. The DLW method measures TEE over several days and in conjunction with measures, or 

estimates, of BMR/RMR can be used to measure PAEE indirectly.  The DLW method is 
considered the gold standard for measuring energy expenditure under free-living conditions.  
It does not, however, give day-to-day information nor does it give information on the forms, 
frequency and intensity of physical activity undertaken 356. 

 
313. Techniques such as heart rate monitoring (HRM) and accelerometry provide minute-by-

minute data and give information on the total levels of physical activity, as well as the 
intensity, duration and frequency.  Accelerometry measures body movement – usually in one 
(vertical) or three (vertical, lateral and anterior-posterior) planes – but is limited in its ability 
to measure activities such as swimming and cycling.  By applying movement count cut-off 
points, minute-by-minute data from accelerometers can be summated into time spent in low- 
moderate- and vigorous-intensity activity.  There is uncertainty, however, in defining cut-offs 
for different intensity levels, which causes problems when comparing studies 365;366.  The 
HRM method is limited in its ability to differentiate between modest increases in heart rate 
(HR) above resting levels and increases in HR associated with stress or other causes.  The 
combining of HRM with movement sensors addresses these issues and improves accuracy 
356.  PAEE can be estimated in groups using HRM and accelerometry 367, but the DLW 
method provides a more accurate assessment. 

Assessment of physical activity levels in the UK population 
 
314. The NDNS of adults aged 19-64 years (2000/1) was the first of the NDNS series to 

collect data on physical activity 7.  Following this, the 2007 Low Income Diet and Nutrition 
Survey (LIDNS) collected information on physical activity and the National Health Surveys 
also report on physical activity data.  The Health Surveys use a seven-day recall method to 
assess physical activity, while the NDNS uses a seven-day diary; activities lasting less than 
15 minutes were excluded in the Health Surveys, while activities lasting less than 10 minutes 
were excluded in the NDNS.   

 
315. Both the NDNS and the Health Surveys provide estimates of physical activity as the 
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proportion of the survey population who report achieving physical activity recommendations, 
but these are based on self-reported physical activity and accuracy, therefore, is limited.  The 
NDNS also provides estimates of population PAL values.  

 
316. In the UK, adults are recommended to have at least 30 minutes of moderate intensity 

physical activity (similar to brisk walking)  on five or more days of the week.  It is also 
recommended that, for many people, it is likely that 45-60 minutes of moderate intensity 
physical activity a day would be needed to prevent obesity 368.  For children and young 
people, a total of at least 60 minutes each day of at least moderate intensity physical activity 
is recommended, and at least twice a week this should include activities to improve bone 
health (activities that produce high physical stresses on the bones), muscle strength and 
flexibility.   

 
317. In the NDNS of adults aged 19-64 years (2000/1), 36% of men and 26% of women 

reported spending 30 minutes or more per day in activities of at least moderate intensity on 
five or more days.  For men, the proportion who reported achieving the physical activity 
recommendation decreased with age, whereas, for women, there were no significant age 
differences (see Table 27).  
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Table 27.  The proportion of adults aged 19-64 achieving the physical activity target, 2000/1, by 
age and sex in the NDNS7 
 Age Total 
 19-24 25-34 35-49 50-64  
 % % % % % 
Men 49 46 34 24 36 
Women 29 30 25 22 26 
Base      
Men 104 211 243 243 801 
Women 100 202 305 249 857 
 
318. The LIDNS 9 showed 11% of men and 8% of women reported spending 30 minutes or 

more per day in activities of at least moderate intensity on five or more days.  This was 
substantially less than the proportions reporting meeting the physical activity guidelines in 
the NDNS.   

 
319. The Health Survey for England (HSE) reports on physical activity data collected since 

1997 369.  In 2006, 14,145 completed questionnaires were obtained from respondents, 6,845 
men and 7,300 women; 40% of men and 28% of women reported achieving the physical 
activity recommendations for adults (see Table 28).   

 
320. Regression analysis in HSE 2006 found that both men and women with low activity 

levels were around twice as likely to have a raised waist circumference compared to those 
with high activity levels (odds ratios of 2.1 and 1.9 respectively).   

 
321. The Scottish Health Survey 2003 (2005), the Welsh Health Survey 2003/04 (2005) and 

the Northern Ireland Health and Social Wellbeing Survey 2001 (2001) detail the proportion 
of adults who have reported achieving the physical activity recommendations. In Scotland, 
this was 42% men and 30% of women; in Wales 36% of men and 23% of women; and in 
Northern Ireland 30% of men and 26% of women. 

 
Table 28.  Proportion of adults aged 16 and over achieving the physical activity target in 2006 
by age and sex in the HSE370 
 Age Total 
 16-24 25-34 35-44 45-54 55-64 65-74 75+  
 % % % % % % % % 
Men         
2006  53 52 46 38 35 21 9 40 
Women         
2006  33 36 35 34 27 16 4 28 
Base         
Men         
2006  1040 1127 1354 1122 1012 694 496 6845 
Women         
2006  1011 1157 1375 1141 1050 768 798 7300 
 
322. The HSE 2007, shows 72% of boys and 63% of girls report meeting current physical 

activity guidelines for children (achieving 60 minutes or more of at least moderate intensity 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily represent the 
final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

97

physical activity a day) 371.  The 2003 Scottish Health Survey 83 showed that 74% of boys 
and 63% of girls aged 2-15 years reported achieving physical activity guidelines. The Welsh 
and Northern Ireland Health Surveys only collected data from adults aged at least 16 years of 
age. 

 
323. The LIDNS 9 observed that children from low income families reported lower levels of 

physical activity.  Twenty-six percent of boys and 31% of girls aged 2-10 years and 34% of 
boys and 38% of girls aged 11-15 years achieved the recommended 60 minutes of physical 
activity on all 7 days of the week.  Furthermore, 52% of boys and 49% of girls aged 2-10 
years, and 28% of boys and 41% of girls aged 11-15 years were active for less than 30 
minutes every day on average. 

 
324. Self-report methods, such as questionnaires, are impractical in children because they are 

likely to be inaccurate 372. Objective measures overcome some of the problems of measuring 
physical activity in children; as a result, accelerometry-based physical activity monitors have 
been increasingly employed as a means of assessing physical activity in children. 

 
325. Physical activity has been objectively measured, using accelerometry, in 5,595 UK 

children 373.  The median time spent in moderate to vigorous physical activity in this study 
was 20 minutes per day (boys, 25 minutes per day; girls, 16 minutes per day) and there was 
substantial intra-individual variation in the measured physical activity of these children 372.  
Overall, only 5.1% of boys and 0.5% of girls achieved the current recommended level of 
activity, which is much lower than the HSE estimate.  These figures were also lower than 
those reported for European 374 and North American children 375, but these differences may 
be caused by the use of different cut-points of accelerometer counts to define the lower 
threshold of moderate-intensity activity.   

 
326. A further UK study, however, in 2,064 children found the mean time spent in moderate to 

vigorous physical activity to be 84 minutes per day for boys and 66 minutes per day for girls 
376.  This study indicates that almost 70% of children meet national physical activity 
guidelines.  The different findings to the previous study 373 are explained by the different 
thresholds used to define moderate to vigorous physical activity. 

 
327. Children from a deprived inner city British school were also shown to be physically 

active, as assessed by accelerometry, at recommended levels and had similar levels of 
activity to children in other studies from more affluent populations 377.  When another 
established cut-off point was used to define physical activity intensity, however, only 7% of 
children were defined as achieving the recommendation.   

 
328. A comparison of the parent-reported physical activity questionnaire used in the HSE with 

concurrent 7-day accelerometry data in 130 children aged 6-7 years of age, found that the 
questionnaire over-estimated moderate–vigorous intensity physical activity 378.  The 
estimated mean time spent in moderate–vigorous intensity physical activity was 146 min/day 
(95% CI 124 to 169) using the questionnaire and 24 min/day (95% CI 22 to 26) using the 
accelerometer.  Overall, accelerometry studies are dependent on the threshold used to define 
moderate to vigorous physical activity, but some show much lower levels of physical activity 
in children than suggested by questionnaire data. 
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UK population PAL values  
 
329. It was not possible to derive PAL values from the Health Surveys because they do not 

record the amount of reported time spent on all types of activity.  PAL values for adults aged 
19-64 years were derived from the seven-day physical activity questionnaire in the NDNS 
(see Table 3); BMR was calculated using the modified Schofield equations 1. No survey data 
of PAL values for children and adolescents are available. 

 
330. An unpublished validation study for the seven-day physical activity questionnaire was 

conducted prior to the main adult survey in a sample of 66 adults 379.  This study included a 
DLW assessment of energy expenditure as well as dietary and activity records.  The mean 
PAL values derived by the two methods were similar at around 1.8 for men and 1.7 for 
women; however, the correlation between the individual PAL values derived from DLW 
measurements and from activity records, for the 60 individuals who took part in all 
components of the validation study, was weak and did not reach statistical significance.   

 
Table 29.  PAL values for adults aged 19-64 years derived from seven-day physical activity 
questionnaire in the NDNS7 

 Age Total
 19-24 25-34 35-49 50-64  
Men   
Mean PAL 1.93 1.94 1.86 1.77 1.85 
No of subjects 54 144 283 216 697 
   
Women   
Mean PAL 1.72 1.71 1.72 1.66 1.70 
No of subjects 66 187 341 260 854
 

 
331. It is very difficult to compare or correlate self-reported physical activity data with 

objectively measured movement or DLW data, as each measures different dimensions of 
physical activity.  It would not necessarily be expected, therefore, that there would be much 
agreement between these methodologies, e.g. a comparison of 20 physical activity 
questionnaires with DLW measures failed to demonstrate the validity of the questionnaires 
for PAEE estimation 380.   

 
332. Considering that only 36% of men and 26% of women report meeting the 30 minute 

physical activity recommendation, the NDNS PAL values based on the activity records seem 
high, although mean PAL values are in agreement with those derived from the validation 
study.  The PAL values obtained from the NDNS, an average of 1.85 for men and 1.70 for 
women, are for fairly active people.  Moderate intensity activity of approximately 45 to 60 
minutes per day has been suggested to correspond to an approximate PAL value of 1.7 381. 

 
333. The discrepancy between the PAL values and the percentage meeting the physical 

activity recommendation could be due to relatively light physical activities that were 
recorded and contributed to PAL, but not to achieving the physical activity recommendation.  
The NDNS questionnaire methodology is thought to overestimate physical activity in people 
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with low activity levels.   

Summary 
 
334. The assessment of physical activity levels in the UK, i.e. the Health Surveys and the 

NDNS and LIDNS, is dependent upon subjective measures of physical activity, which do not 
give an accurate representation of habitual levels.  It is likely that these give an 
overestimation of physical activity in the population.  To enable the accurate determination 
of habitual physical activity levels in the UK population surveys need to employ objective 
measures of the intensity and duration of physical activities. 

Temporal trends in physical activity in the UK 
 
335. In the UK, there is no dedicated surveillance system for population-level physical activity 

to enable the elucidation of patterns and trends in physical activity at the national level.  The 
information that is available on population-level physical activity trends mostly stems from 
ecological proxy domain-specific measures 106.  For example, there has been a massive 
reduction in the proportion of the workforce employed in manufacturing, farming and other 
physically-demanding occupations; car ownership has increased; and the distance children 
and adults walk or cycle per year has declined 382.  It could be that the apparent temporal 
changes in activity in domestic life, work and travel are compensated for by an increase in 
recreational activity, but this information is not available for the UK. 

 
336. In 2005, the three main activities of men and women in Great Britain were sleeping, 

working in their main job and watching television and videos/DVDs or listening to music 383.  
The Time Use Survey observed that people were less likely to spend time on housework in 
2005 than in 2000, but, generally, the pattern of time use was very similar between 2005 and 
2000.   

 
337. The HSE has been collecting multiple-domain physical activity data since 1991.  An 

analysis of this data was performed to estimate temporal trends of participation in physical 
activity between1991 to 2004 384, a period when the prevalence of obesity in adults living in 
England rose by over 65% 382.  The study found a consistent upward trend for regular 
participation and time spent in sports, but a decline in occupational physical activity between 
1991/2 and 2004 in both men (43.4% to 38.5% active in work) and women (27.3% to 24.7% 
active in work).  The decrease in reported high physical activity levels at work was more 
pronounced from 1998 and onwards.  Increases in time spent in sports were evident in all age 
groups, but particularly pronounced among the middle and late life age groups (aged 35 to 49 
and older).   

 
338. The data were deemed insufficient, however, to provide a definitive answer as to whether 

overall physical activity has changed between 1991 and 2004.  Fluctuations in time spent at 
moderate to vigorous physical activity and the percentage of men and women meeting the 
physical activity recommendations were more likely a function of changes in the questions 
included in different surveys and the imposition of certain analytical assumptions these 
changes forced, rather than a reflection of true changes in the physical activity levels of the 
population 384.  It was concluded that there is an urgent need for a carefully designed UK 
physical activity surveillance system that includes objective measures of physical activity. 

 
339. The 2006 HSE reports on trends in physical activity 385 from 1997, 1998, 2003, 2004 and 
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2006 and observed a further increase from 2004, for both men and women, in the proportion 
reporting achieving physical activity recommendations, from 32% in 1997 to 40% in 2006 
for men and from 21% to 28% for women.   

 
340. The 2007 HSE report also shows the proportion of boys and girls reporting achieving the 

physical activity recommendations were similar in 2002 and 2007.  The Health Behaviour in 
School-aged Children study (a WHO cross-national survey) of 11-, 13- and 15-year-old 
schoolchildren has been carried out in Scotland and Wales since 1986 at four-yearly intervals 
386.  In Scotland and Wales, there was an increase in the percentage of schoolchildren who 
reported undertaking vigorous physical activity at least four times a week between 1985/86 
and 1997/98, followed by a decline in 2001/02.  The proportions reporting watching 4 hours 
of television daily changed little between 1985/86 and 1997/98.   

 
341. In healthy subjects from Holland (n=366) and North America (n=393) PAEE (evaluated 

from TEE measured using doubly labelled water and BMR by calorimetry) was determined 
at various time points between 1988 and 2005 387.  In both the Dutch and North American 
subjects PAEE and PAL did not decrease over the time period, a period in which the 
prevalence of overweight and obesity has increased in both populations.  This suggests that a 
reduction in PAEE is unlikely to have fuelled the obesity epidemic. 

Sedentary behaviour and weight gain 
 
342. Sedentary behaviour is a different concept to physical activity with a different physiology 

and different determinants.  Many behaviours are largely sedentary, including listening to the 
radio or music, watching television, playing digital or board games, using computers and 
reading. 

 
343. It has been suggested that the increased use of information and communication 

technology, particularly watching television, playing digital games and using computers are 
sedentary factors affecting obesity prevalence 388;389.  The use of computers, both at home 
and at work, has been one of the most rapidly expanding activities in the past 20 years and 
could potentially impact on overall physical activity levels; equally, computer use could have 
replaced time spent in other sedentary activities.   

 
344. A meta-analysis has been conducted of prospective studies and trials investigating the 

relation between television viewing and video/computer game use and body fatness and 
physical activity in children and adolescents 390.  The only significant relationship observed 
was between television viewing and body fatness, but it was concluded that this was likely to 
be too small to be of substantial clinical relevance and that media-based inactivity may be 
unfairly implicated in recent epidemiologic trends of overweight and obesity among children 
and adolescents.  It was also noted that relationships between sedentary behaviour and health 
were unlikely to be explained using single markers of inactivity, such as television viewing 
or video/computer game use.  Physical activity and sedentary behaviours are regulated 
through a complex series of decision-making mechanisms and restricting television viewing 
alone may not be effective in increasing physical activity 391. 

 
345. Several prospective studies conducted since the meta-analysis have also observed 

positive associations between television viewing in children and subsequent weight gain 392-

398.  It has been suggested that although the effect size appears small for time spent watching 
television as a predictor of weight gain in childhood, it is larger than the effect sizes 
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commonly reported for dietary intake and physical activity; thus, television viewing could be 
an important contributing factor to childhood obesity 395. 

 
346. The issue of measurement error in these studies and the need to select measures of 

television viewing that are valid and reliable, to examine with greater accuracy the influence 
of television viewing on childhood overweight, has been highlighted 399. 

 
347. A prospective study of adolescents in the US, observed that changes in television viewing 

were not associated with changes in leisure-time moderate/vigorous physical activity 400.  It 
was suggested that television viewing and leisure-time physical activity were separate 
constructs that could each affect weight gain, but were not functional opposites.  Television 
viewing may be related to overweight through television's effects on dietary intake; 
television advertising may promote consumption of unhealthy foods 401;402 and people tend to 
snack while watching television 403-405.   

 
348. Most studies examining the prospective and longitudinal associations between sedentary 

behaviour and BMI have relied on self-reported data.  One prospective population-based 
cohort study measured sedentary behaviour by individually calibrated heart rate monitoring 
in 393 healthy adults 406.  At 5.6 years follow-up, sedentary time did not predict any of the 
obesity indicators (body weight, BMI, fat mass and waist circumference); however, the 
obesity indicators predicted sedentary time at follow-up after adjustment.   

 
349. A systematic review has been conducted of trials to reduce sedentary behaviour among 

children, either alone or in combination with other health messages 407.  The interventions 
ranged from 4 weeks to 4 years, with six of the studies targeting clinic-based populations that 
were overweight or at risk of overweight.  A further six were population-based prevention 
studies.  The magnitude of change in weight parameters was modest and was difficult to 
interpret, as normal BMI ranges vary with age and development in children.  The z-BMI 
(BMI normalised to age and sex) was only reported in a few of the studies.  Virtually all of 
the interventions, however, consistently resulted in slowing of the increase in the subjects’ 
BMI relative to similar aged controls.  As the sedentary behaviour messages in these 
interventions are often combined with other health information (e.g. healthy eating and 
exercise), it was not possible to estimate the magnitude of the weight influences due to 
sedentary behaviour messages alone. 

Physical activity and body fatness 
 
350. Physical activity has long been considered an integral component in the treatment of 

those who are obese and in the prevention of weight regain in those who have lost weight 408-

410.  Physical activity alone appears a relatively inefficient means for losing weight, but 
appears to be an important factor in the successful maintenance of weight loss and in 
improving insulin sensitivity and cardiovascular health 409;411-413. 

 
351. The focus of this section is on the role of physical activity in the primary prevention of 

weight gain and obesity. 

Prospective studies of self-reported physical activity and weight gain 
 
352. The prospective studies relating physical activity and weight change were systematically 

reviewed in 2000 both in adults and children 414;415; this was subsequently updated by a 
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systematic review of prospective cohort studies and trials published since 2000, which 
examined the association between physical activity and weight change in adults and children 
106.   

Adults 
 
353. The Fogelholm and Kukkonen-Harjula (2000) systematic review included 16 prospective 

studies investigating the relationship between self-reported physical activity and weight 
change.  The mean duration of the follow-up was approximately 7 years, with a range from 2 
to 21 years.  The number of participants ranged from 210 to 79,236.  All studies used a 
retrospective questionnaire to assess the habitual level of physical activity.  The studies 
differed in the physical activity data that was collected, i.e. whether baseline, follow-up or 
change in physical activity compared to weight change. 

 
354. Overall, two studies reported a consistent inverse association between baseline physical 

activity and subsequent weight gain 416;417;  three found no effect 418-420 and one found a 
positive association 421.  One study observed a positive association for men and a negative 
association for women between baseline physical activity and subsequent weight gain 422.  
Jogging or running, but not other less strenuous activities, were inversely associated with 
weight gain in one study 423. 

 
355. There were seven studies that found an increase in physical activity between baseline and 

follow-up was associated with less weight gain 416;417;420;424-427 and two observed no 
association  418;421.  Four studies found that a large volume of physical activity at follow-up 
was associated with less weight gain 417;420;428;429, while one did not 430.  In one study the 
cumulative duration of increased physical activity was observed not to be associated with 
weight change 431. 

 
356. It was concluded that there was inconsistent evidence of a predictive effect of physical 

activity at baseline being associated with less weight gain over time.  The association 
between weight gain and change in activity was observed to be stronger, although still 
modest 414.   

 
357. A follow-up systematic review 106 included twelve prospective studies investigating the 

relationship between self-reported physical activity and weight change.  Most studies 
included a large range of subjects (539 to 50,277) and a range of follow-up from 3 to 11 
years.  Nine studies reported a negative association between baseline physical activity and 
subsequent weight gain 432-440 and two found no association 441;442.  One study reported an 
inverse association suggesting higher baseline levels of BMI predicted physical inactivity 443.  
The majority of studies suggested that low levels of physical activity were associated with 
future weight gain, but the effect size was small.  The more recent studies included in this 
review had no studies with less than 500 participants, whereas the studies included in the 
previous review 414 included five studies with less than 500 participants and, therefore, less 
power to detect small differences.  Improvements in study design could also be a factor, as 
could publication bias in determining why the follow-up systematic review produced more 
consistent results. 

 
358. It was concluded that in longitudinal cohort studies, individuals who reported higher 

levels of leisure-time physical activity tended to be less likely to gain weight, but studies 
varied in their conclusions because of issues of confounding, measurement error and reverse 
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causality, i.e. obesity may lead to physical inactivity 443.   
 
359. Two studies, which reported subsequent to the systematic review, observed leisure-time 

physical activity to be inversely associated with BMI, especially in women 444, and waist 
circumference 445, While a study in women found leisure-time walking to be inversely 
associated with weight gain, particularly in those with a larger baseline weight 446.  

Children and adolescents 
 
360. The Molnar and Livingstone systematic review identified two prospective studies 415 that 

investigated the influence of self-reported physical activity on the change in relative BMI.  
One study found increases in children’s leisure activity at follow-up to be associated with 
decreases in subsequent weight gain 447, while the other found no association 448.  

 
361. The Wareham et al (2005) systematic review identified a further 11 studies with a 

follow-up ranging from 1 to 23 years; five of the studies had a follow-up of 2 years or less.  
The studies included between 59 and 11,887 children, with four including more than 1000 
children.  Most studies included children less than 10 years old; the range was 3 to 14 years.  
All studies, except one 449, used reported change in BMI or sum of skinfolds as the outcome.  
Five of the studies did not observe an association between physical activity or sedentary 
behaviour and weight gain 450-452;452;453.  The other six studies found an inverse association 
between higher levels of physical activity and weight gain or a positive association with 
sedentary activities 394;449;454-458. 

 
362. Overall, the results were mixed and it was concluded that, as in the adult studies, the 

measures of association tended to be small 106.  Another review of prospective studies also 
concluded that the results were mixed and that the associations identified were generally of a 
small magnitude 459. 

 
363. Of the studies that have reported subsequent to the review, two studies  460;461 have 

observed physical activity to attenuate increases in fat mass development in boys, but not in 
girls 461.  One observed no difference in BMI changes or the percentage of students classified 
as obese between school with higher and lower frequency of physical education 462. Another 
observed reported physical activity and inactivity to be related to accrual of body fat, 
particularly among children with at least one overweight parent 463. 

 
364. Most obese children remain obese as adults 464 a progression that is referred to as 

‘tracking’ of overweight.  Several studies have examined whether adolescent physical 
activity affects subsequent weight gain through to adulthood.  Some prospective studies do 
provide evidence that a decline in reported physical activity between adolescence and 
adulthood may increase risk of weight gain and obesity, but these associations are generally 
weak and inconsistent  449;465-471.   

 
365. On balance, the available evidence from prospective cohort studies suggests that 

increased physical activity and decreased sedentary behaviour may be protective against 
relative weight and fatness gains; however, the results are mixed and the associations that are 
identified are generally of a small magnitude.  It is likely that imprecise measurement of 
activity exposures weakens the observed relationships 459.  Measurement error is probably an 
important factor as most studies rely on subjective measures of reported physical activity and 
assess fatness using BMI, which is limited in its ability to determine fat and lean tissue mass 
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across the normal range in adults 72 and children 472.  

Cross-sectional studies of objectively measured physical activity and weight gain 
 
366. Due to the unreliability of self-reported physical activity, especially in children, and the 

paucity of prospective studies with objective measures, cross-sectional studies of objectively 
measured physical activity or PAEE and body fatness are considered below. 

Adults 
 
367. Several studies have compiled data sets of DLW measures of TEE to examine the 

relationship between energy expenditure and body fatness 108;186;473.  These studies found that 
in males there was an inverse cross-sectional relationship between PAEE, PAL and 
percentage body fat, but in females no such relationship was apparent.   
 

368. A case-control study observed accelerometry assessed physical activity in obese adults 
was strongly associated with BMI 474; this association was observed for total and all intensity 
levels of physical activity.  In the non-obese adults, however, only a weak inverse association 
with vigorous-intensity physical activity was observed.   

Children and adolescents 
 
369. Several studies have assessed the relationship between PAEE and body fatness in 

children and adolescents.  While some studies have reported an inverse association between 
measures of energy expended 475-482, just as many others have reported no association 483-490.   

 
370. In one case-control study, obese adolescents were less physically active (as determined 

by accelerometry) than normal-weight adolescents, but PAEE was not different between the 
groups 476.  Percentage body fat was negatively associated with PAL in the two groups 
combined, but there was no difference in PAL or PAEE between obese and non-obese 
adolescents after adjustment for body composition.  The differences in physical activity 
between the groups, which were not reflected in any differences in TEE and PAEE, could be 
explained by the increased energy cost of moving a larger body mass: the absolute energy 
expenditures while walking at 4 and 6 km/h were 35% higher in the obese group.   

 
371. One other study to concurrently measure PAEE, using the DLW method, and physical 

activity, by accelerometry, in non-obese children, found body fat and BMI to be inversely 
correlated with PAL.  Time spent in vigorous activities was inversely correlated to 
percentage body fat, but not BMI, which was stronger than the correlation between body fat 
and PAL 475. 

 
372. Both these studies also appear to identify an approximate threshold above which lower 

measures of body fatness were observed: 125 minutes vigorous-intensity activity/day 475 and 
120 minutes moderate-vigorous-intensity activity/day 476. 

 
373. Most studies have found inverse associations between moderate to vigorous- or vigorous-

intensity activity (as assessed by accelerometry) and measures of body fatness 475;491-501, but 
not all 502;503.  One study observed an inverse relationship between vigorous-intensity activity 
and waist circumference, which was also positively related to inactivity, in boys, but not girls 
504.  Other studies have reported null associations between low-intensity activity and 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily represent the 
final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

105

measures of body fatness 476;494;498.   
 
374. Total physical activity, as assessed by accelerometry, was not found to be associated with 

variance in body fat in several other studies 494;499;502, but, in one other study, the sum of four 
skinfolds, but not BMI or waist circumference, was inversely correlated with total physical 
activity 505.  In children at risk of obesity (>75th BMI percentile), accelerometer-measured 
total physical activity was an independent correlate of the children's visceral fat, with greater 
physical activity being associated with lower fat accumulation in this depot.  The association 
between physical activity and visceral fat was maintained after adjusting for the relationship 
between whole-body fat and visceral fat and for a negative association between physical 
activity and whole-body fat 506. 

 
375. Accelerometry studies have observed obese children and adolescents to be less physically 

active overall than their non-obese counterparts 476;507-510.  One study observed activity levels 
in overweight and obese children to be lower than normal weight children, but the precise 
nature of the relationship appeared to differ between boys and girls 373. 

 
376. The lack of a consistent association between DLW-derived measures of PAEE, PAL and 

measures of body fatness could reflect the different energy costs of certain physical 
activities, such as weight-bearing activities of moderate to vigorous intensities (e.g. walking 
and running), that are not independent of body weight or FFM 511. 

 
377. Although the use of PAL adjusts, to some extent, for body weight and composition (by 

using BMR or RMR), it is not necessarily independent of body weight or FFM 512;513, 
particularly in weight bearing activities of moderate to vigorous intensity.  Heavier 
individuals, therefore, may have a higher PAL as a result of their larger body mass 356.   

 
378. The accelerometry studies in children suggest, to some extent, that the intensity rather 

than the total amount of physical activity may be more important in relation to the prevention 
of obesity in children; however, it is difficult to infer a causal relationship, and it is 
impossible to determine its direction from cross-sectional data.  It is unclear whether the 
physical activity variable is a predictor or an effect of the individual’s weight status.  As 
accelerometry measures movement, not energy expenditure, it is possible that differences in 
activity as recorded by the accelerometer may not reflect differences in energy expenditure, 
as heavier children have more weight to move.  Prospective studies are required to confirm 
the relationships observed in cross-sectional accelerometry studies. 

Prospective studies of objectively measured physical activity and weight gain 

Adults 
 
379. No relevant studies were identified in the Fogelholm and Kukkonen-Harjula (2000) 

systematic review, but the Wareham et al (2005) systematic review121 identified two studies.  
In Pima Indians (n=92), PAEE, as determined by the DLW technique, was found not to be 
associated with change in body weight at follow-up after 4 years 514.  In a population cohort 
of UK adults (n=739), the association between PAEE, as assessed using HRM, and change in 
body composition (FM and FFM) over a 5.6 year median follow-up period was investigated 
515.  Baseline PAEE was inversely associated with FM in younger adults (aged less than 53.8 
years), but not older adults (aged more than 53.8 years), although the effect size was small.  
On average, younger adults gained weight during the study.  In older adults, who were 
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generally weight stable, baseline PAEE was inversely associated with gain in body weight 
(an increase both in FM and FFM).   

 
380. A later study 516 of obese (n=13) and normal weight (n=15) young adults followed-up for 

4 years, assessed TEE and PAEE by DLW, and physical activity by accelerometry in relation 
to change in body weight and FM.  Energy expenditure estimates and subcomponents of 
physical activity (i.e. time spent at different intensity levels) were not significantly associated 
with change in body weight or FM, but change in overall physical activity (as assessed by 
accelerometry) was inversely associated with change in body weight and FM.  Post hoc 
analyses suggested that this association was explained by changes in the normal weight 
group only, suggesting that the observed association may differ depending on weight status.   

 
381. In African Americans (n=172) and Nigerians (n=149), PAEE, as determined by DLW 

technique, was found not to be associated with change in body weight at follow-up after 3 
years 517. 

Children and adolescents 
 
382. The Molnar and Livingstone systematic review identified five prospective studies 415 that 

investigated the association between objectively measured physical activity or PAEE and 
change in indices of body fatness in children and adolescents.  

 
383. One study observed children with low levels of physical activity (assessed using 

accelerometry) to gain substantially more subcutaneous fat than more active children 518.  
Three studies used DLW techniques to assess energy expenditure.  While one small study 
observed reduced TEE, and particularly PAEE, to be associated with weight gain 519, other, 
larger studies have found no association 520;521.   

 
384. The Wareham et al (2005) systematic review121 identified five subsequent studies.  The 

children included in these studies were mostly younger than 10 years and the duration of 
follow-up ranged from 2 to 8 years.   

 
385. One study found increased physical activity, assessed using accelerometry, to be 

associated with smaller gains in BMI and subcutaneous fat 522.  The other studies used DLW 
techniques to assess energy expenditure 523-526, but overall the results were inconsistent. 

  
386. Studies in overweight Pima Indian children 527 and adults 514 were not included in the 

systematic review.   These studies measured TEE and PAEE using DLW techniques and 
observed no relationship with changes in body weight. 

 
387. Several studies have been published since the review.  One found no association of PAEE 

(or other TEE variables determined by DLW techniques) with relative weight and percentage 
FM during adolescence 528.  The other studies have used accelerometry to assess physical 
activity 493;529-532 and while some have found associations with weight gain the results are, 
overall, mixed.  Most studies found no association between moderate-vigorous physical 
activity and weight gain.  One study assessed physical activity by HRM, but also found 
inconsistent associations 396. 

 
388. Overall, the results from prospective studies using objective measures of physical activity 

in children, adolescences and adults were mixed and the associations identified were 
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generally of small magnitude 106;459.  For example, the degree of variance in BMI attributed 
to physical activity in several studies was less than one percent 494;533. 

 
389. The lack of consistent associations between DLW-derived measures of PAEE and 

measures of body fatness could be interpreted as evidence that energy intake is a more 
important determinant of excess fat mass gain.  There are difficulties in the interpretation of 
these data, however, because of the controversy regarding the means of comparing TEE and 
PAEE among individuals of different sizes 534.  It has been suggested that when studies 
evaluate associations between PAEE or PAL and percentage body fat, the differences 
between energy expended in physical activity are likely to be overestimated between leaner 
and fatter children and the differences in body fatness underestimated, resulting in 
associations being biased towards null 356.  The use of DLW measures to identify how much 
PAEE is necessary to prevent obesity is complex; even if appropriate adjustment for body 
composition is made, comparisons between populations are difficult.  It is also important to 
note that the energy expended in activity may not be the same as the amount of physical 
activity required to prevent excess FM gain; thus, assessment of physical activity by methods 
such as HRM and accelerometry is also required 356. 

 
390. The potential impact of exercise intensity on change in body weight and FM remains 

unclear 535-538 and it is not known which, if any, of the subcomponents of free-living physical 
activity contributes more to change in body weight and FM. 

Trials to prevent weight gain 
 
391. Interventions aimed at weight reduction or at preventing weight regain are not included in 

this consideration.  A systematic review was published in 2000 that identified nine 
interventions (eleven publications) of the primary prevention of weight gain 539.  
Interventions lasted from 6 weeks to 36 months.  Four interventions took place in the 
community 540-544 and five were school based 545-550.   

 
392. It was concluded that overall the results suggested mixed effects and, for various 

methodological reasons, they were uncertain in their conclusions about whether increasing 
physical activity was effective in preventing weight gain.  Effectiveness appeared to be 
greater among older, male and high-income participants, and lower among low-income 
participants, school students and smokers.  Where diet and physical activity were described, 
positive effects were usually obtained, but the validity of this was limited as they were 
measured by self-report.   

 
393. This systematic review was subsequently updated with a further seventeen trials in 2005 

106.  A total of six trials aimed at increasing physical activity and preventing weight gain in 
adults were identified.  The interventions took place in populations at risk of weight gain or 
in whom a public health intervention might be targeted. Interventions lasted from 12 weeks 
to 5 years.  In the four trials where differences in body composition between intervention and 
control group were observed, two found an increase in body weight in the control group and 
weight stability in the intervention group 551;552, one found a weight reduction in the 
intervention group 553 and the other observed decreases in both groups 554.  Two trials 
observed no effect on weight gain 555;556. 

 
394. A total of eleven trials were identified in children aimed at preventing unhealthy weight 

gain by increasing physical activity or reducing sedentary behaviour.  Nine trials were 
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school-based and the others home or family-based.  Interventions lasted from 12 weeks to 3 
years.  Three of the trials reported a small intervention effect at follow-up 557-559, with two of 
them reporting effects in boys only 557;559.  The other eight trials reported no significant 
effects on body weight or composition at follow-up 560-567. 

 
395. It was concluded that there were still relatively few trials aimed at the primary prevention 

of weight gain and that there was still insufficient evidence on which to base conclusions 
about which of the approaches were effective 106 

 
396. Two trials have reported subsequent to the review. While one found a nursery and home-

based intervention to increase physical activity did not reduce BMI 568, the other found a 
school-based intervention did decrease gain in BMI, especially in non-overweight 
adolescents 569 

 
397. Relatively few trials aimed at the primary prevention of weight gain were identified. 

Overall, findings from these were inconsistent. 
 

Summary 
 
398. The assessment of UK population physical activity levels, i.e. the Health Surveys and the 

NDNS and LIDNS, is currently dependent upon subjective measures of physical activity.  It 
is likely that these give an overestimation of physical activity in the population, e.g. the 
NDNS 2000/1 for adults estimates a mean PAL value of about 1.8 for men and 1.7 for 
women.  To enable the accurate determination of habitual physical activity and PAEE in the 
UK population surveys need to employ objective measures. 

 
399. Methodological constraints are a severe limitation in defining the role of physical activity 

in the regulation of body weight.  Most studies rely on subjective measures of reported 
physical activity and assess fatness using BMI, which is of limited value in determining fat 
and lean tissue mass across the normal range in adults 72 and children 472.  Error is introduced 
on both sides of the relationship reducing the ability to detect any change.  The application of 
more precise methods for the measurement of physical activity and body fatness is required 
to define their interrelationship. 

 
400. On balance, the available evidence from prospective cohort studies suggests that 

increased leisure time physical activity may be protective against relative weight and fatness 
gains; however, the results are mixed and the associations that are identified are generally of 
a small magnitude.  Prospective studies also suggest lengthy television watching may be a 
predictor for weight gain, but again the associations are weak and inconsistent.  Evidence 
from studies employing objective measures of PAEE and trials of the primary prevention of 
weight gain is inconsistent.   

 
401. The issue of whether there is a specific level of physical activity required to prevent 

unhealthy weight gain is very complex, and available data is insufficient for a definitive 
conclusion 106;358.  As weight gain is dependent on energy intake, consideration of energy 
balance and flux is required.  This is the topic of Appendix 7. 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily represent the 
final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

109

Appendix 6. Energy requirements for Illness   

Introduction 
 
402. There is a continuum in physical function between health and disease, but the dividing 

line between them can be difficult to define.  The proportion of older individuals in the 
population is increasing in the UK 570 and the incidence of many diseases and disabilities also 
increases with age 137.  In the 2001 UK General Household Survey, one in ten respondents 
under the age of 45 years reported a longstanding illness that limited physical activity, 
compared with a third of older respondents 570. Less severe disabilities may produce effects 
on physical activity that are difficult to distinguish from normal activity.  The prevalence of 
disease in older subjects is common making it is difficult to define ‘normal’, especially in 
extreme old age.  A consideration of PAL values in older adults is given in Chapter 3.  

 
403. Assessing the energy requirements of patients with acute and chronic diseases is more 

complex than for those in good health.  These requirements not only depend on the 
aggressiveness of the disease and level of inactivity it causes, but also on the treatment, and 
the presence of prior malnutrition.  It used to be thought that the energy requirements of a 
number of severe acute diseases were increased 571.  The energy requirements of individuals 
with spastic disorders, such as spastic cerebral palsy 572, were also thought to be raised. It is 
now understood that this is not usually the case.   

 
404. The energy requirements of sick people are greatly influenced by the type (acute or 

chronic), severity, and phase of the disease (acute or recovery phase).  They are also affected 
by the presence of other physical and psychological disabilities, which may vary over time, 
and the nutritional state of the patient.  Sometimes it may not be appropriate to treat the 
disease or the associated malnutrition, as when a patient is approaching death and feeding is 
a burden.   

Energy intake 
 
405. Subjects with disease may be in substantial energy imbalance for days, weeks, and 

sometimes months.  This imbalance is often caused by anorexia, which is a common 
consequence of traumatic, infective, malignant or other inflammatory diseases.  Clearly, 
accurate measurements of energy intake in disease do not necessarily reflect the energy 
required to maintain energy balance or the energy required to achieve optimal health.  
Furthermore, although in undernourished subjects, additional energy is required for repletion 
and improvement in tissue function, health and well being, the reverse applies to obese 
individuals.  If absorption of nutrients is reduced due to illness or urinary losses occur, e.g. in 
diabetes, then the nutritional value of ingested foods will be less than in an unaffected 
individual. 

 
406. The timing of nutritional support is also important.  Aggressive overfeeding in the acute 

phase of injury, for example, can cause metabolic disturbances, such as hyperglycaemia 
(diabetes of injury) and increased CO2 production, which can be detrimental to patients with 
respiratory failure.  In contrast, very slow repletion during recovery can prolong the period of 
ill health, as well as poor work performance and poor quality of life.  Finally, nutritional 
intake in disease may differ from health in that it can be provided artificially using an enteral 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily represent the 
final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

110

tube or venous catheter (sometimes for life), independent of the appetite. 

Energy expenditure 
 
407. BMR is more variable in disease than in health.  Apart from being influenced by the type, 

severity, and phase of the illness, BMR is also influenced by the nutritional status of the 
patient and a wide range of treatments, which may vary from surgical interventions, 
immobilisation, and artificial ventilation to blood transfusions and drug therapy.  Standard 
reference tables or equations for predicting BMR from weight, height and age, were 
established for use in healthy subjects without malnutrition and disease, and without 
dehydration and oedema, which can have substantial effects on body weight.  The prediction 
of BMR, therefore, is more likely to be in error in disease than in health. 

 
408. Whether measurements of TEE (or measurements of BMR) are regarded as normal or 

abnormal, relative to a healthy group, may depend on the way in which the results are 
expressed.  This can be problematic for patients with disease with abnormal body 
composition and body proportions, who preferentially lose or preserve particular tissues or 
organs (e.g. muscle wasting in certain neurological conditions).  Over 20 indices that have 
been used by different workers to express energy expenditure (BMR), including absolute 
energy expenditure, energy expenditure per kilogram body weight, energy expenditure per 
kilogram FFM, energy expenditure per m2 have previously been summarised 573.  In children 
these have also been expressed as a percentage of values obtained in healthy children of the 
same age or same surface area or same height.  In infants with growth failure, both the BMR 
of the body and the tissue specific BMR may be reduced, while BMR kg−1 body weight may 
be increased due to preferential preservation of the brain, which has a high metabolic rate 573.  
Similarly, TEE may be low when expressed in relation to values obtained in children of the 
same age, and normal when it is expressed in relation to healthy children of the same weight.  
The hypermetabolic effect of disease and the hypometabolic effect of weight loss alter BMR 
to a greater extent than in health, even when age, weight and height are taken into account, 
which affects the accuracy of expressing TEE as a ratio to BMR (i.e. PAL) 574.  PAL values 
based on measured BMR and predicted BMR (based on values established for healthy 
subjects), therefore, can vary widely, especially in acute disease, which typically increases 
BMR. 

 
409. As with energy intake, energy expenditure does not necessarily indicate the requirements 

of the undernourished patient who is in need of repletion, or the requirements of the over-
nourished patient, who is in need of depletion of excess fat. 

 
410. Measurements of TEE have helped establish important concepts about energy 

requirements in disease.  Some of the practical and theoretical principles of assessment of 
energy requirements in pathological states can be appreciated by considering the 
simultaneous changes in BMR, physical activity and TEE produced by acute and chronic 
diseases and the ways in which some of them are calculated. 

Diseases in adults 
 
411. Both TEE and the energy requirements of many diseases are decreased, mainly because 

of a reduction in PAEE.  This reduction in PAEE can occur because disease produces 
lethargy and restricts physical activity (e.g. pain due to claudication – angina and arthritis are 
expected to do the same).  It also occurs because treatment, especially in hospital, usually 
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requires restricted physical activity.  Loss of weight will contribute to the reduction in TEE, 
partly because it reduces the energy expended in physical activity, and partly because it 
reduces BMR.   

 
412. The effects of chronic diseases on energy expenditure are that TEE is normal or 

decreased 67.  In those with advanced disease or disease-related weight loss, both PAEE and 
TEE are usually decreased, despite a possible increase in BMR.  The weight loss that may 
occur in such diseases is more likely to be due to a decrease in energy intake than an increase 
in energy expenditure.  A possible exception to this general rule concerns subgroups of 
patients with anorexia nervosa, who have been reported to have increased PAEE and TEE, 
when adjusted for weight 575.  However, some studies of women with anorexia nervosa show 
no increase in TEE, after adjustment for weight 576.  When no adjustment for weight is made, 
TEE (MJ/day) is likely to be lower than in healthy women of the same age. 

 
 
413. Acute diseases increase REE above that predicted for healthy individuals of the same age 

weight and height by up to 100% 577, although usually 0–40%.  Both the magnitude and 
duration of the increase are dependent on the severity of disease.  The effect of ‘injury’ on 
BMR is also influenced by age, e.g. the increase in BMR after surgery may last a few days 
after elective surgery in adults and only a few hours in infants 578.  Acute or sub-acute 
diseases usually cause a decrease in lean body mass.  After the early phase of an illness, 
therefore, BMR may decline below pre-illness BMR before beginning to return to normal in 
the recovery phase. 

 
414. In studies where the TEE of bed-bound artificially ventilated patients is measured, e.g. 

those with head injuries or other critical illness, BMR is frequently increased, but TEE is 
usually not elevated, mainly because of the associated reduction in physical activity 67.  The 
overall result is that TEE is normal or even decreased compared to values obtained in healthy 
subjects in free living circumstances, with the exception of the most severe acute diseases, 
such as burns, when TEE may be transiently elevated above normal577. 

 
415. In summary, in most of the chronic conditions examined, BMR adjusted for weight is 

usually normal or slightly increased (about 10%, e.g. HIV/AIDS), while in most acute 
conditions it is usually increased (0–50% and occasionally more).  This increase in BMR is 
counteracted by the decrease in PAEE, with the overall result that TEE is usually normal or 
decreased.  More severe acute disease produces greater increments in BMR and greater 
reductions in PAEE. 

 

Diseases in children 
 

416. Assessment of the energy requirements of children is more difficult than in adults 
because of the need to consider growth and appropriate ways of expressing energy 
expenditure.   

 
417. In children, most chronic conditions do not produce an increase in TEE adjusted for body 

weight, despite a possible increase in BMR (e.g. cystic fibrosis 579).  There are some 
exceptions, such as subgroups of patients with cystic fibrosis (cystic fibrosis genotype, 
homozygous delta F508 580) and some children with congenital heart disease 581.  The general 
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situation is analogous to that observed in adults, as is that for acute conditions, where TEE is 
not increased (actually decreased) because of the reduction in PAEE. 

Summary 
 
418. The lack of accurate information on TEE in a large number of diseases, does not allow a 

comprehensive assessment of the field.  In those conditions which have been investigated, 
TEE is usually normal or reduced, partly because of a reduction in body weight and FFM 
(disease-related malnutrition or neurological causes of wasting), and partly because of 
reduced physical activity.  The reduced physical activity compensates for any increase in 
BMR, which is common in acute diseases.  There are some exceptions, such as subgroups of 
patients with cystic fibrosis, anorexia nervosa, and congenital heart disease, where TEE has 
been reported to be increased.  Such patients are often underweight, and therefore weight 
adjustments are necessary to demonstrate differences compared to control groups.  Without 
such adjustments, TEE is again typically not increased. 

 
419. In determining energy requirements in disease there is a need to consider not only the 

energy required to maintain energy balance, but also the energy required to change body 
composition at different rates in both under-nourished and over-nourished patients.   
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Appendix 7.  Dietary determinants of energy intake and 
weight  

Background 
 
420. The aim of this Appendix is to consider the role of dietary factors in relation to risk of 

weight gain, and to determine whether specific factors can be identified that predispose to, or 
protect against, a positive energy imbalance, and hence weight gain.   

 
421. While many individuals are weight stable, and therefore in energy balance, an increasing 

proportion are gaining weight and, therefore, have a chronic positive energy imbalance.  The 
HSE 2009370 shows that between 1993 and 2007, the proportion of normal weight adults 
decreased, the proportion overweight remained the same, while the proportion obese 
increased (see Tables 2 and 3).  The proportion of morbidly obese adults doubled over the 
same time period. 

 
422. Body weight is only gained when energy intake exceeds energy expenditure for a 

prolonged period.  Studies of basic physiology under standardised conditions, and controlled 
intervention studies involving manipulations of the components of energy balance, clearly 
demonstrate weight loss with underfeeding and weight gain with overfeeding 582.  It is 
important to consider energy intake in the context of an individual’s energy expenditure.  
Weight gain does not necessarily result from a high absolute energy intake, but from an 
intake which exceeds energy needs, even as a small fraction of energy flux.  The coupling 
between energy intake and expenditure is, therefore, central to energy balance 109.  Energy 
flux, the absolute level of energy intake and expenditure under conditions of energy balance 
30;583, will be considered further in Appendix 9. 

Appetite control and energy balance 
 
423. In most adults, adiposity and body weight are remarkably constant despite huge 

variations in daily food intake and energy expended 584.  A powerful and complex 
physiological system exists to balance energy intake and expenditure, composed of both 
afferent signals and efferent effectors.  This system consists of multiple pathways which 
maintain the drive to eat.  In the circulation, there are hormones which act acutely to initiate 
or terminate a meal, e.g. the gut peptides ghrelin and cholecystokinin, and hormones that 
reflect body adiposity and energy balance, e.g. insulin and the adipose tissue hormones leptin 
and adiponectin.  These signals are integrated by peripheral nerves and brain centres, such as 
the hypothalamus and brain stem.  The integrated signals regulate central neuropeptides, 
which modulate feeding and energy expenditure.  This energy homeostasis, in most cases, 
leads to a stable body weight 585;586.   

 
424. Often, a prolonged period of positive energy imbalance will lead to a noticeable increase 

in weight, or often waist circumference, which then leads to behavioural changes to lose the 
extra weight.  This cognitive contribution to energy balance regulation is not well 
characterised. 

 
425. The manipulation of energy intake has been shown to result in compensatory changes in 

energy expenditure.  In obese and non-obese individuals, the response to a negative energy 
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imbalance is an adaptive suppression of thermogenesis, which occurs in the resting 
component of TEE (i.e. in BMR, thermic response to food or in sleeping metabolic rate) 
and/or in the non-resting components of energy expenditure (walking, bicycle exercise and 
spontaneous physical activity) 587-590.  There is considerable inter-individual variation in this 
response and, in most studies, this corresponds to mean values of 5–15% of TEE in either the 
resting or non-resting components 591. 

 
426. Overfeeding produces much less compensatory change in energy expenditure than food 

restriction 592-594.  Overall, adaptive changes in energy expenditure are small and changes in 
body weight and composition are the primary mechanisms by which the body accommodates 
energy excess or inadequacy 582;592.  Weight gain includes an increase in some metabolically 
active lean tissue, which will increase energy expenditure, and the extent of this will vary 
according to the composition of the weight gain 595.  Nevertheless, overall alterations in 
energy balance must be accommodated by adjustments in the net retention of the major 
energy-yielding macronutrients: carbohydrate, protein, and fat.   

 
427. The body’s regulatory systems, therefore, are developed to avoid depletion of body 

energy stores, whereas the systems that prevent excessive accumulation of fat in response to 
excess energy intake may be over-ridden by other factors, e.g. hedonistic features of food 409.  
Psychological, social, and cultural factors are important underlying influences on dietary 
patterns and PAEE. 

 
428. While brain mechanisms control appetite, a number of sensory and environmental factors 

contribute to overstimulation of the sensory systems, producing sensory reward signals that 
are stronger than can always be controlled easily by satiety signals 596.  Factors that 
contribute to over stimulating the brain’s food reward systems relative to satiety signals 
include food palatability and appearance, sensory-specific satiety, food variety, food 
availability and the effects of visual stimulation and advertising 597. 

Substrate utilisation and energy balance 
 
429. Dietary carbohydrate, protein and fat must first be broken down into smaller molecules, 

i.e. monosaccharides, amino acids and free fatty acids respectively, before the energy present 
can be utilized by the tissues.  The digestive processes break down the larger molecules into 
smaller ones, which are then transported in the blood to be either used directly or stored 
mainly as glycogen (glucose), protein (amino acids) and triglycerides (free fatty acids) 598.   

 
430. The types of fuels utilized by tissues varies considerably (e.g. glucose, free fatty acids, 

ketone bodies, amino acids, butyrate) and partly depends on the availability of circulating 
fuels, but some tissues also have specific fuel requirements or preferences, e.g. glucose is 
essential for cells that are obligatory anaerobes, such as red blood cells.  The vast majority of 
the energy expenditure of the brain is derived from glucose, but during total starvation, when 
glycogen stores are depleted, ketone bodies (produced from free fatty acids and some amino 
acids in the liver) become the dominant energy source.  This adaptive response to starvation, 
which reduces demand for glucose and hence spares use of gluconeogenic amino acids and 
protects lean body mass, appears to occur to a lesser extent in lean subjects 599. Glutamine is 
considered an important fuel for the small intestine and short chain fatty acids, produced by 
the colonic fermentation of carbohydrate, are thought to provide a substantial amount of 
energy for the large intestine 598. 
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431. Integrated fuel homeostasis relies on interactions among numerous tissues to orchestrate 
the transition between widely varying states, including the fed state, fasting, and exercise.  
The ability of tissues to adapt to changes in metabolic status and fuel availability depends on 
signals conveyed by hormones, cytokines, and fuel substrates, which are sensed through a 
variety of cellular mechanisms.  There is an inter-tissue flux of fuel substrates in both the fed 
and fasted states.  The major hormones known to be involved in the coordination of this are 
insulin, glucagon, catecholamines, growth hormone and corticosteroids 600.   

 
432. The distribution of food energy between the macronutrients differs between cultures and 

countries, reflecting a wide range of carbohydrate-protein-fat ratios at which energy balance 
can be maintained 601.  When people are in energy balance the substrate oxidation pattern 
shifts to closely reflect the diet macronutrient composition.  In healthy populations, subjects 
have been shown to switch their fuel use based upon substrate availability, e.g. increase fat 
oxidation in response to a high fat diet 602-608.  It takes several days for substrate utilisation to 
adapt to a change in diet macronutrient composition 602;603;605;608 and modification of 
glycogen stores has been implicated in this adaptation 609.  Adjustment in fat oxidation to a 
high fat diet has been shown to be accelerated by an increased level of exercise 610;611.  
Adaptation to an increased proportion of dietary fat has been shown to lead to measurable 
changes in the capacity to store, mobilise, transport and oxidise fat 612.  There is also a delay 
of several weeks in the change in protein oxidation following a change in the habitual level 
of protein intake and this results in marked changes in nitrogen balance until protein 
oxidation has adapted to the new level of intake 613.   

 
433. In the obese insulin-resistant state there appears to be an impaired capacity to regulate fat 

oxidation (metabolic inflexibility) 614.  Several studies suggest that obese, and formerly 
obese, subjects adapt fat oxidation to fat intake more slowly than lean subjects 605;615-619 and 
dietary fat oxidation has been observed to be inversely associated with percentage body fat 
620.   

Methodological constraints 
 
434. Prospective studies that have evaluated dietary intake in conjunction with weight or body 

mass index (BMI) change have largely yielded weak and inconsistent results.  In part, this 
may be a true reflection of the multi-factorial nature of weight gain and obesity, but it could 
also relate to methodological difficulties inherent in these studies, e.g. the need to measure 
the small energy imbalances relative to total energy flux that have been estimated to account 
for population weight changes 621;622. 

 
435. Body weight and composition are the integrated product of previous dietary and physical 

activity habits, and so nutrients, foods or broader dietary habits measured on a small number 
of occasions may not be related to the longer-term development of weight change.  Many 
dietary factors are highly correlated and physical activity or other lifestyle factors are also 
important covariates 623. 

 
436. In observational studies, a major difficulty is the accurate assessment of dietary 

exposures, which may vary over time.  The most commonly used method in prospective 
cohort studies is the food frequency questionnaire (FFQ).  These are designed to assess usual 
eating habits, over recent months or years, and comprise a list of foods most informative 
about the nutrients or food of interest  
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437. The degree of error associated with the FFQ is considered larger than that associated with 
seven- day diaries of all food and drink consumed, which may affect the ability of a study to 
detect associations between diet and health outcomes 624, e.g. an association between dietary 
saturated fatty acid intake and breast cancer risk, observed using seven-day food diaries, was 
not observed when FFQ were used 625.  The validity of using FFQ, however, is increased in 
larger studies where measurement error is more likely to be overcome by large dietary 
heterogeneity 626. 

 
438. In dietary surveys, energy intake tends to be under-reported, relative to estimated energy 

needs, by an average of 20-25% 627;628.  The under-reporting of energy intake is more 
pronounced among overweight and obese, than among lean, adults and children 511;629-633.  
The nutritional composition of the unreported energy intake is unknown, and statistical 
adjustments, which attempt to correct for energy intake, tend to be made based on energy 
alone.  The NDNS series employed a seven-day weighed intake dietary record to assess 
dietary exposures, where respondents were asked to keep a weighed record of all food and 
drink consumed, both in and out of the home, over seven consecutive days 8, but under-
reporting was still prevalent (see Table 30 below).   

 
439. There is a paucity of controlled dietary intervention studies to test aetiological 

hypotheses.  Because of the nature of such interventions it is rarely possible to design a 
double-blind trial and the process of informed consent and baseline screening may act as an 
intervention in itself by raising awareness of the diet or health issue and prompting behaviour 
change.  Dietary change may be difficult to sustain as traditional dietary practices can be well 
established and strongly habituated.  Numbers of dropouts from trials are frequently high and 
the extent of compliance is often difficult to measure.  In terms of prevention, the mean 
weight change is small (especially superimposed on the background population weight 
increase) and there is large inter-individual variability, which has implications for sample 
size and power. Accordingly, there are few large-scale, long-term, well-controlled dietary 
intervention studies 623. 

 
440. Overall, these methodological constraints are likely to predispose studies towards 

negative findings and attenuate any observed associations.  This is reflected in the relatively 
few observational studies and dietary surveys that have demonstrated the basic physiological 
principles dictating habitual energy intake must exceed expenditure for weight gain to occur 
634. 

The National Diet and Nutrition Survey reported energy intakes  
 
441. Surveys in the UK, both of dietary and household purchase data, indicate energy intakes 

by the population below the prevailing EAR.  The NDNS series 2-11 consistently show 
average energy intakes below the EAR in all population groups (see Tables 31 and 32).  The 
NDNS and other surveys, however, also show that the number of people classified as 
overweight or obese is increasing (see Table 3).   

Children and adolescents aged 4-18 years  
 
442. Mean energy intakes were below the EARs at 80-90% of the EAR (see Table 30).  In 

girls aged 15-18 years mean energy intake was 77% of the EAR. 
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Adults aged 19-64 years  
 
443. Mean energy intakes for adults were 82-94% of EAR values for men and women in all 

age groups (see Table 30).  Data from the two surveys of adults in 1986/87 and 2000/01 
showed that the prevalence of obesity or overweight had increased from 45% of men and 
36% of women who were obese or overweight in 1986/87 to 66% of men and 53% of women 
in 2000/01.  This trend is confirmed by data from the Health Surveys (see Table 3).  Mean 
energy intakes in the 1986/87 survey were also below EAR values.  Comparing the 1986/87 
and 2000/01 surveys, mean energy intake had fallen slightly in men but was unchanged in 
women. 

Adults aged 65 years and over  
 
444. Mean energy intakes were below EAR values.  In the free-living group mean energy 

intake was 85% of EAR in men and 76% in women and for men was lowest in the 85+ age 
group.  In the institution group mean intake was over 90% of the EAR.   

 
445. In Table 30, energy intake is presented as a percentage of the EAR for all NDNS age/sex 

groups.  Standard EAR values were used for each age/sex group as published in the Dietary 
Reference Values report 1.  EAR values for each age/sex group were derived from BMR 
calculated from the modified Schofield equations using mean body weight values for each 
age/sex group.  PAL values for adults were taken as 1.4. 
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Table 30.  Mean daily reported energy intake (MJ) as a percentage of EAR using standard EAR 
values  

Gender and age of respondent Mean energy 
intake (MJ)* 

Mean intake as 
% of EAR** 

Number of 
subjects 

    
Males and females 1.5-2.5 years*** 4.39 90% 576 
Males and females 2.5-3.5 years*** 4.88 84% 606 
    
Male aged (years)    
3.5-4.5*** 5.36 82% 250 
4 – 6 6.39 89% 184 
7 – 10 7.47 91% 256 
11 – 14 8.28 89% 237 
15 –18 9.60 83% 179 
19-24 9.44 89% 108 
25-34 9.82 93% 219 
35-49 9.93 94% 253 
50-64 9.55 92% 253 
65+ Free-living 8.02 85% 540 
65+ Living in an institution 8.14 91% 93 
    
Female aged (years)    
3.5-4.5*** 4.98 82% 243 
4 – 6 5.87 91% 171 
7 – 10 6.72 92% 226 
11 – 14 7.03 89% 238 
15 –18 6.82 77% 210 
19-24 7.00 86% 104 
25-34 6.61 82% 210 
35-49 6.96 86% 318 
50-64 6.91 87% 259 
65+ Free-living 5.98 76% 735 
65+ Living in an institution 6.94 90% 319 
*Reported energy intakes as listed in NDNS2-11 

**Energy intake as a percentage of EAR was calculated for each respondent using the EAR appropriate for sex and 
age. 
*** Energy intakes per kilogram body weight was used to calculate intake as % of EAR on a group basis for 1½-4½ 
year age group 
 
446. Table 31 presents energy intake as a percentage of EAR for the 19-64 age group only 

(NDNS adults 2000/01).  The EAR was calculated for each subject using individual body 
weight data to estimate BMR, and PAL values derived from the seven-day physical activity 
records.  The mean PAL values reported using seven-day physical activity questionnaires 
were 1.70 for women and 1.85 for men (see Table 31).   
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Table 31.  Mean daily reported energy intake (MJ) as a percentage of the EAR using EAR values 
based on individual BMR and reported PAL value 

Gender and age of respondent Mean energy 
intake (MJ)*

Intake as % 
EAR** 

Number 
of 
subjects 

    
Male aged (years)    
19-24 9.60 66% 54 
25-34 9.92 68% 144 
35-49 9.99 72% 283 
50-64 9.57 73% 216 
All 19-64 9.82 71% 697 
    
Female aged (years)    
19-24 7.13 69% 66 
25-34 6.61 67% 187 
35-49 7.05 71% 341 
50-64 7.07 73% 260 
All 19-64 6.97 71% 854 
*Reported energy intakes as listed in NDNS5 
** EAR derived for each individual using BMR estimated from modified Schofield equations and actual body 
weight measured during the survey period.  PAL calculated for each individual using physical activity records. 
 
447. The apparent contradiction between increasing levels of obesity and low levels of energy 

intake reflects the extent of under-reporting in the NDNS, and other, surveys.  In the NDNS 
of adults 2000/1, the median energy intake expressed as a multiple of calculated BMR was 
1.11 with a value of less than 1 for 50% of subjects.  In the NDNS elderly survey, median 
energy intake expressed in this way was 1.22 x BMR with a value of less than 1 for 24%.  
Clearly, since none of the subjects were observed to be losing weight, such intakes were 
physiologically implausible and must have reflected under-reporting and other 
methodological errors. This largely accounts, therefore, for the difference between recorded 
intakes and assumed energy requirements (see Table 30).   

 
448. The EAR for adults was calculated using a PAL value of 1.4, on the assumption that this 

was representative of the inactive lifestyle of much of the population 1; however, DLW 
measurements of energy expenditure in specific population groups suggests a higher PAL 
value may be more accurate, e.g. a PAL value of 1.7.  Assuming this is the case then the 
mismatch between recorded energy intakes and actual energy requirements is even greater, 
e.g. a mean PAL value of 1.7 was observed in women from physical activity questionnaire 
records, which when used to calculate individual EAR values suggested under-reporting of 
energy intakes was as high as 30% (see Table 31).  

Temporal trends in reported energy intakes and diet macronutrient composition 
in the UK 
 
449. Comparisons between the 1986/7 and 2000/1 NDNS for adults data show that, overall, 

men and women in the 2000/1 survey reported a significantly higher proportion of their 
energy intake from protein and carbohydrate and a significantly lower proportion from fat 
than in 1986/7; men, but not women, also had significantly lower energy intakes in 2000/1 
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than 1986/7 5;6.  In the EPIC Norfolk cohort (n= 30,452; assessed 1993-1997), dietary 
assessment with both FFQ, and 7-day food diary in a sample of 2,117, yielded similar intakes 
of macronutrients when expressed as a percentage of total energy intakes, which were in 
accord with values obtained from the NDNS 2000/1, e.g. total fat intake was 33% total 
energy 626.  There was no significant difference in the proportion of energy intake from 
alcohol between the two NDNS surveys (see Table 32). 

 
Table 32.  Comparison of mean daily energy and macronutrient intakes between the NDNS for 
adults 1986/7 and 2000/15;6 

 1986/7  2000/1 

Men   
Total energy intake (MJ) 10.30 9.72 
% energy from carbohydrate 41.6 44.7 
% energy from protein 14.1 15.4 
% energy from fat 37.6 33.5 
% energy from alcohol 6.9 6.5 
   
Women   
Total energy intake (MJ) 7.05 6.87 
% energy from carbohydrate 43.0 46.7 
% energy from protein 15.2 15.9 
% energy from fat 39.2 33.5 
% energy from alcohol 2.8 3.9 

Dietary assessment in both the adult surveys used a seven-day weighed intake dietary record. 
 
450. Eating out in the NDNS is defined as all food and drinks consumed out of the home, 

regardless of where they were prepared.  The definition includes packed lunches brought 
from home to eat at work or elsewhere.  Table 33 shows that the proportion of dietary 
energy, all macronutrients, and alcohol has increased by 2-4% in 2000/1 compared with 
1986/7, except for alcohol consumption by women, which increased by 9%. 

 
Table 33.  Percentage contribution of eating out to energy and macronutrient intakes for adults 
in 1986/87 and 2000/015;6 

 Percentage of intake from eating out 
 1986/7 2000/1 
 Men  Women Men  Women 
Total energy  34% 24% 36% 26% 
Total fat 32% 25% 36% 28% 
Saturated fat 32% 25% 36% 27% 
Total carbohydrate 32% 23% 34% 25% 
Protein  28% 21% 32% 24% 
Alcohol 55% 36% 58% 45% 
 
451. Until 2000, the National Food Survey (NFS) provided a continuous sample survey in 

which about 6,000 households per year in Great Britain kept a record of the type, quantity 
and costs of foods entering the home during a one week period 635.  From 1996, the survey 
also included about 700 households in Northern Ireland.  Nutritional intakes were estimated 
from the survey data.  An analysis of temporal trends in food composition data from 1974 to 
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2000 shows that the percentage food energy from total fat declined, and that from 
carbohydrate increased, between the mid 1980s and 2000 (see Figure 6); the proportion of 
food energy as saturated fatty acids declined throughout the duration of the survey.  This 
analysis did not include soft and alcoholic drinks and confectionery and food not taken home, 
as this data was unavailable for the whole time period.  The estimated daily energy intake 
decreased from 1974 to 2000, from 9.5 MJ (2260 kcal) to 7.3 MJ (1750 kcal) (see Figure 7), 
while average protein intakes were relatively constant throughout, e.g. 68.9 g/day in 1974 
and 66.3 g/day in 2000, but would have increased as a proportion of food energy.  A 
downward trend in average daily energy intake has been observed in the NFS since 1964 636. 

 
Figure 6.  Estimated mean daily intakes of fat and carbohydrate between 1974 and 2000 in the 
NFS, as a percentage of household food energy635  
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Figure 7.  Estimated mean energy intakes (MJ), excluding soft and alcoholic drinks and 
confectionery and food not taken home, between 1974 and 2000 in the NFS635 

 
 
452. The UK Expenditure and Food Survey (EFS) superseded the NFS and the Family 

Expenditure Surveys in 2001.  Under-reporting in the EFS is thought to be lower than in the 
NFS as it does not focus on diet, but on household expenditure across the board and is 
largely based on till receipts.  A change in the EFS methodology, however, makes the 
estimate of the year on year change unreliable between 2000 and 2001-02.  The Family Food 
2006 report presents trends in purchases by type of food and converts these into energy and 
nutrient intakes based on a database of nutrient values provided by the Food Standards 
Agency 636.  The Family Food 2006 report shows very little change in the estimated 
macronutrient intakes, as a percentage of food energy, since the 2000 NFS (see Table 34) and 
average daily energy intake estimates (excluding food eaten out, but including alcoholic 
drinks) were 8.8 MJ (2098 kcal) in 2001/2 and 8.7 MJ (2074 kcal) in 2006.  The estimated 
total average daily energy intake, including food eaten out, was 9.8 MJ (2351 kcal) in 2006. 
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Table 34.  Estimated UK mean daily energy and nutrient intake from all food and drink from 
2003 to 2006 as a percentage of food energy635. 

 NFS 
2000 

2003-4 2004-5 2005-6 2006 % 
change 
since 
2003-04 

Fat 38.0 38.3 38.2 38.1 38.5 +0.5 
Fatty acids:       
Saturates 15.0 14.8 14.7 14.6 14.7 -0.4 
Monounsaturates - 14.1 14.1 14.0 14.2 +0.5 
Polyunsaturates - 6.8 6.8 6.8 7.0 +2.5 
Carbohydrate 47.0 47.6 47.6 47.6 47.2 -0.7 
Non-milk extrinsic sugars - 15.0 14.8 14.4 14.2 -5.5 
Protein - 14.1 14.3 14.3 14.3 +0.9 
 
 
453. The NFS assessed food eaten outside the home in Great Britain from 1994 637, but the 

data are less reliable than estimates obtained from the EFS 636.  The EFS estimate of average 
daily energy intakes from food and drink eaten outside the home shows a small decrease 
since 2001-02 (see Table 35). 

 
Table 35.  Eating out mean daily energy intakes estimated in NFS637 and EFS636 

 NFS 
1995 

NFS 
2000 

EFS 
2001-02 

EFS 
2002-03 

EFS 
2003-04 

EFS 
2004-05 

EFS 
2005-06 

EFS 
2006 

Total 
energy * 

        

MJ 1.0 1.0 1.3 1.3 1.3 1.2 1.2 1.2 
kcal 240 230 310 309 303 288 280 276 
* includes alcoholic drinks, soft drinks and confectionery. 
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454. Overall, surveys suggest that diet macronutrient composition has changed over the past 

20 years or more, with an increased proportion of energy from carbohydrate and a decreased 
proportion from total fat and saturated fatty acids.  There also appears to have been a 
decrease in average daily energy intakes, which appears to date from the 1960s. 
 

455. The under-reporting of energy intakes, estimated to be about 30% in the NDNS for adults 
aged 19-64 years when individual anthropometric and physical activity questionnaire data 
were used to determine BMR and PAL (see Table 7), means that the macronutrient 
composition of almost a third of the energy intake was unknown.  Furthermore, under-
reporting is more pronounced among overweight and obese, than among lean adults and 
children 511;629-633.  The increasing prevalence of overweight and obesity (see Table 3), 
therefore, further complicates the issue of determining temporal trends in diet composition.  
Household expenditure surveys, however, do support the observed change in macronutrient 
composition and energy intakes observed in the NDNS. 
 

456. Household expenditure surveys and the NDNS suggest that there has been a reduction in 
energy intakes over the same time period in which there has been an increase in the 
prevalence of those overweight and obese.  The issue of under-reporting of energy intakes, 
however, makes interpretation of this difficult.   

Diet composition and weight gain 
 
457. The role of diet composition in the development of weight gain and obesity is 

controversial 638;639.  Several areas have been the focus of research including energy density, 
macronutrient composition and dietary patterns. 

Energy density  
 
458. Energy density describes the amount of energy per unit weight of food or diet.  The 

energy density of individual macronutrients reflects their metabolisable energy content, such 
that fats and oils are the most energy-dense, followed by ethanol, then protein and 
carbohydrate, which are least energy-dense (see Table 1 for metabolizable energy content of 
macronutrients).  Non-starch polysaccharides that are fermented in the colon are less energy 
dense still.   

 
459. The energy density of foods and diets varies depending on the water content and 

concentration of the different macronutrients, and of non-starch polysaccharides 640.  In 
general, low energy-dense foods and diets are high in non-starch polysaccharides, and also in 
water.  Cereals and vegetables cooked in water, and most fruits, are examples of low energy-
dense foods.  Low energy-dense foods are often high in vitamins and minerals and other 
bioactive constituents 641.  Many processed or convenience foods have a relatively high 
energy density and are usually high in fats or oils, and/or processed starches and added 
sugars 642.  Processed, high energy-dense foods are often low in micronutrients and non-
starch polysaccharides.  

 
460. Gastric distension plays a role in regulating the size of a meal. An isoenergetic meal 

containing foods with a low energy density causes more gastric distension than does a meal 
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containing foods with a high energy density 643.  In short-term intervention studies, 
conducted over several days, diets that are relatively high in energy density have generally 
been shown to result in greater energy intakes compared with diets that are lower in energy 
density in both men and women 644-648.  These studies have also shown that individuals tend 
to eat a fairly consistent weight or volume of food over the course of several days, regardless 
of the energy density of their meals.  Several short-term studies have further shown that 
energy density, independently of macronutrient composition, affects energy intake 644;646;649-

651, i.e. energy density, independently of fat content, directly influenced energy intake.   
 
461. These studies suggest that high energy-dense diets may undermine normal appetite 

regulation, a process that has been termed ‘passive overconsumption’.  An inability to 
recognise the energy density of food and compensate appropriately to maintain energy 
balance could lead to unhealthy weight gain, and overweight and obesity.  Dietary fat is a 
major determinant of the energy density of foods, but some reduced-fat, and, therefore, 
higher carbohydrate, foods are highly energy dense 652.  High carbohydrate foods do not 
necessarily have a low energy density and although it may be easier to overeat on high fat 
than low fat foods, it appears that it is not simply a case of replacing fat with carbohydrate in 
the diet as a means to reduce energy density 653. 

 
462. Although some cross-sectional epidemiological studies have linked dietary energy 

density with higher BMI values, the data are inconsistent 654, and, at this time, there are only 
a few longitudinal cohort studies that have specifically investigated a link between dietary 
energy density and obesity risk.  

 
463. A prospective study in children assessed the energy density of the diet at 5 and 7 years in 

relation to weight gain at 9 years of age 655.  A higher dietary energy density at age 7 years, 
but not age 5 years, was observed to be modestly associated with increased excess fat mass at 
age 9 years.  A subsequent analysis identified a dietary pattern which explained dietary 
energy density, fibre content, and percentage of energy intake from fat, that was related to 
fatness in children 656 (see dietary patterns section below). 

 
464. Another study in children found overall dietary energy density not to be associated with 

change in percentage body fat, body mass index, or waist circumference, but when energy 
density was calculated excluding beverages, participants who had the most energy-dense diet 
in childhood had the highest gain in weight into adolescence 657.  This suggests that the 
method chosen to determine dietary energy density may affect the study conclusions. 

 
465. Another study in children and adolescents investigated the relation between energy-dense 

snack food consumption and subsequent weight gain 658.  The consumption of energy-dense 
snack foods was not observed to be associated with increased fat mass 658.  A positive 
relationship between hours of television viewed per day and energy-dense snack food 
consumption was, however, observed.  

 
466. Three prospective studies haves been conducted in adults 659-661.  In one 659 dietary energy 

density was not associated with subsequent change in body weight overall, but in women, 
energy density was positively associated with weight gain among the obese and inversely 
associated with weight gain in normal-weight women.  In men, however, there was a non-
significant inverse trend between dietary energy density and weight gain in the obese.  The 
two other studies in women observed higher dietary energy density to be associated with 
greater weight gain 660;661.  In one further study, increased dietary energy density was 
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associated with gestational weight gain 662. 
 
467. Frequent nut consumption, a high-fat, energy-dense food, has been shown not to lead to 

weight gain in well-controlled nut-feeding trials, and prospective studies suggest frequent nut 
consumption is associated with reduced risk of weight gain 663-665.  Residual confounding, 
however, with other dietary and lifestyle differences may be a factor affecting interpretation 
of observational studies.  Nuts are also relatively rich sources of protein, micronutrients and 
non-starch polysaccharide and effects on satiety and faecal fat loss may be factors 
influencing the observed lack of weight gain 663;666-668.  When considering relatively high 
energy-dense foods in relation to weight gain it may be more relevant, therefore, to focus on 
foods that are also poor sources of micronutrients and non-starch polysaccharide, such as 
many processed and convenience foods.   

 
468. Several prospective studies, while not directly examining the role of dietary energy 

density in weight regulation, have linked weight gain with consumption of convenience 
foods, which typically have an energy density very much greater than household foods 669-671.  
In children aged 9-14 years (7,745 girls and 6,610 boys), increased reported consumption of 
fried foods away from home over one year was associated with increased BMI 670.  In adults 
aged 18-30 years (n=3,031), the reported frequency of fast-food restaurant visits at baseline 
was positively associated with 15 year changes in body weight 669.  Consumption of 
hamburgers, pizza, and sausages (as a proxy for convenience-food consumption) was 
independently associated with weight gain in a cohort of 7,194 adults with a mean age of 41 
years who were followed-up for a median of 28.5 months 671. 

Macronutrient composition 
 
469. The relative impact of the different macronutrients on energy balance and risk of weight 

gain has been the focus of much research, with particular emphasis on the proportion of 
energy from fat in promoting weight gain.  In the UK, however, survey data suggests there 
has been a decline in the percentage of energy intake from fat during the last 2 decades, 
which has corresponded with an increase in the prevalence of overweight and obesity.  
Evidence from observational studies of a specific role for the proportion of energy from 
dietary fat are inconsistent 638;639.  A meta-analysis of ad libitum low-fat high-carbohydrate 
dietary intervention studies (16 trials; 2-12 months duration; mean fat reduction of 10.2% 
total energy) observed that a reduction in dietary fat caused spontaneous weight loss (mean 
weight loss of 3.2 kg as compared to control groups) 672.   

 
470. In a subsequent review, however, it was noted that in randomised trials lasting for a year 

or more, fat consumption within the range of 18% to 40% of energy appeared to have little 
effect on body fatness. The weighted mean difference was a weight reduction of 0.25 kg 
overall (i.e. less weight loss on the low-fat diets) and a weight increase of 1.8 kg for trials 
where the control group had received a similar intensity of dietary instruction and 
counselling to the intervention group, but directed at the reduction of carbohydrate or total 
energy 673.   

 
471. A major concern in any long-term study of dietary change is that compliance may 

deteriorate with time, which makes it difficult to assess the magnitude of effect of any 
intervention 674. In general, studies of fat reduction have been hindered by a lack of a well-
documented measure of compliance 673.  Based on a meta-analysis of trials investigating 
changes in carbohydrate and fatty acid intake on serum lipid and lipoprotein levels 675 it was 



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily represent the 
final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

127

suggested that the reported changes in serum lipid and lipoprotein concentrations in the 
randomised trials lasting a year or more did not support the notion that failure to observe a 
substantial weight loss on long-term low-fat diets was simply the result of noncompliance 673.  

 
472. The Women’s Health Initiative randomised intervention trial of 48,835 postmenopausal 

women in the United States 676, found a reduction in energy from fat (mean fat reduction of 
9% total energy) and an increase in energy from carbohydrate resulted in no weight change 
over 7.5 years in the intervention group, relative to the control group (weight difference of -
1.9 kg, after 1 year and -0.4 kg after 7.5 years relative to control group).  Intake of fibre, 
fruits and vegetables, total grains, and whole grains were also increased from baseline in the 
intervention group while remaining stable in the control group. 

 
473. Overall, therefore, any long-term effects on body weight of dietary fat reduction are 

likely to be small and there is no strong evidence that lowering the proportion of energy as 
dietary fat would prevent weight gain 677. 

 
474. Indeed, in a small but probably reliable study of Australian female nutrition students 

studied repeatedly over a 15 year period (1988-2003), increasing prevalence of overweight 
(from 15%  to 34%), which related to increased energy intake with unchanged physical 
activity (PAL=1.64), occurred with a reduced proportion of dietary energy from fat and 
increased amounts from carbohydrate and protein. 678. 

 
475. The proportion of carbohydrate in the diet tends to vary reciprocally with fat and it is 

difficult to segregate the impact of the total amount of carbohydrate in the diet from the total 
amount of fat 674.  While some prospective studies show an inverse association between the 
proportion of food energy as carbohydrate and weight gain, many others show no 
association, particularly in children 679-683. 

 
476. As well as the total amount of fat or carbohydrate in the diet, studies have examined the 

role of fat and carbohydrate composition on weight gain.  The evidence relating sugar intake 
per se to weight change is inconsistent 684.  Two carefully conducted 6 month trials of low-fat 
high-carbohydrate ad libitum diets, which compared complex with simple carbohydrates on 
weight gain, have observed no significant effect of carbohydrate composition 685;686.  By 
contrast, there is accumulating evidence to suggest that simple sugars in drinks do not 
possess the same satiating powers as sugars in solid food (the fluid medium rather than 
energy form or nutrient composition is thought responsible 687) and that a high consumption 
of sugar-sweetened beverages may be a risk factor for weight gain and obesity 688;689.  
Surveillance studies show a temporal association between per capita intake of sugar-
sweetened beverages and increasing obesity rates 690.  A meta-analysis of studies (10 
prospective; 5 experimental) investigating the role of sugar-sweetened beverage consumption 
in weight gain concluded that in well-powered prospective cohort studies with long periods 
of follow-up (6 studies), a positive association between greater intakes of sugar-sweetened 
beverages and weight gain and obesity in both children and adults was observed; the other 
cohort studies (4 studies) observed no significant association 691.  One subsequent study in 
children observed no association 692, while another observed that in girls but not boys, 
increased fruit juice intake rather than soft drink consumption was associated with weight 
gain 693.  A subsequent study in adults observed increased soft drink consumption to be 
associated with weight gain, obesity and developing metabolic syndrome 694.  Another meta-
analysis (10 prospective studies; 2 randomised controlled trials) found no evidence to suggest 
sugar-sweetened beverages consumption affects weight gain in childhood and 
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adolescence695. 
 
477. Several prospective studies have observed an inverse association between wholegrain and 

fibre/non-starch polysaccharide intake and weight gain 434;681;696-699; although the definitions 
used for dietary fibre/non-starch polysaccharide and wholegrain vary between studies.  
Conversely, intake of refined-grain foods was positively related to weight gain in one study 
697, but not another 696.   

 
478. A diet rich in wholegrain and non-starch polysaccharide may have beneficial effects on 

weight control through promoting satiety 700 and decreasing the digestibility of the energy-
containing nutrients 701;702.  A review of 11 intervention studies (duration more than 4 weeks) 
of ad libitum non-starch polysaccharide intake and weight change found that consumption of 
an additional 14 g/day non-starch polysaccharide for more than 2 days was associated with a 
10% decrease in energy intake and body weight loss of 1.9 kg over 3.8 months 703. 

 
479. The glycaemic index was developed in the early 1980s 704 and is a measure of the 

glycaemic effect of a particular food compared with an equivalent amount of carbohydrate in 
the form of pure glucose or white bread.  The glycaemic load of a serving of a specific food 
is the product of its glycaemic index and the grams of carbohydrate from a single serving of 
that food and combines quantitative and qualitative indicators of carbohydrate intake.  Single 
meal studies have suggested glycaemic index may affect later ad libitum energy intake 705;706.  
Short term studies, conducted over several days, investigating the effects of meals with 
contrasting glycaemic carbohydrate content have failed to demonstrate any differential effect 
on fuel partitioning of modulating the dietary glycaemic index or load 707;708.  The 
postprandial insulin response may be an important satiety signal 709, but glycaemic index-
induced serum insulin differences appear insufficient to modify fuel oxidation and energy 
intake. 

 
480. Results from prospective studies that have investigated whether a diet with a high 

glycaemic index or glycaemic load contributes to the risk of weight gain have been 
inconsistent 682;710-712.  Intervention studies investigating this have also produced inconsistent 
results 712;713;713-717. 

 
481. Different types of fatty acids have different metabolic effects and it is possible that this 

extends to differences in risk of weight gain 718, e.g. animal work suggests that saturated fatty 
acids may be preferentially stored and high trans fatty acid intake may enhance the intra-
abdominal deposition of fat 719.  Several prospective studies have observed trans fatty acid 
intake to be positively associated with weight gain 434;720 and postpartum weight retention 721.  
In one study, the percent of energy from fat had only a weak positive association with weight 
gain, while percentage of energy from animal, saturated, and trans fatty acids had stronger 
associations 720.  Single-meal studies do not support a differential effect on satiety of 
different fatty acids 722;723. 

 
482. Evidence from prospective studies relating the proportion of protein in the diet with 

weight change is inconsistent 681;683;724.  One intervention study that increased dietary protein 
intake from 12% to 25% of energy at a constant low-fat intake produced a greater magnitude 
of spontaneous weight loss than from a low-fat diet alone, after 6 months 725.  These 
differences persisted, but were attenuated after consumption of the study diets for 12 months 
726; the evidence suggested that the high protein diet reduced visceral fat more than expected 
from fat loss.  In general terms populations consuming the highest levels of protein have the 
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highest levels of obesity even though in the short term high protein diets induce satiety and 
weight loss 727. One explanation is that the satiating influence of dietary protein is adaptive 
728, so that any acute influence on energy intakes as observed with high protein weight 
reducing regimes, will become less effective with time. 

 
483. Short term studies, conducted over several days, have consistently shown that alcohol has 

an acute stimulatory effect on appetite 729; however, results from prospective studies 
investigating alcohol consumption in relation to weight gain have been inconsistent 434;444;730-

732.  This is a complex area to study given the specific under-reporting of alcohol intake, 
confounding by other variables and ethical differences in conducting intervention studies 623. 

Micronutrients 
 
484. Several large epidemiological studies have shown an inverse relationship between 

calcium intake and body weight or BMI 733; however, a meta-analysis of 13 trials of calcium 
supplementation or increased provision of dairy products, conducted for 12 or more weeks 
observed no statistically significant association with a reduction in body weight 733. 

Dietary patterns  
 
485. The investigation of dietary patterns and eating behaviour, rather than specific nutrients, 

has become a focus of research.  As discussed above, when considering relatively high 
energy-dense foods in relation to weight gain it may be more relevant to focus on foods that 
are also poor sources of micronutrients and non-starch polysaccharide.  A dietary pattern that 
explained dietary energy density, fibre content, and percentage of energy intake from fat was 
identified in a dietary analysis of 521 children 656.  Higher pattern scores at 7 years of age, 
but less so at 5 years of age, were prospectively associated with greater fat mass and higher 
odds of excess adiposity at 9 years of age.   

 
486. Increased fruit and vegetable consumption has been associated with reduced weight gain 

in several prospective studies 423;699;734.  The Mediterranean or ‘prudent’ diet pattern 
characterised by high intakes of vegetables, fruits, legumes, nuts and olive oil, together with 
a reduced intake of meat and meat products and full-fat dairy products has been associated 
with reduced weight gain in most studies 735-738, but not in all 739.    

 
487. Most short-term studies, conducted over several days, 740-743, but not all 744, suggest 

habituation to large portion sizes may increase energy intake, but longer term interventions 
or prospective studies are lacking. 

 
488. Three prospective studies have reported consumption of breakfast by adolescents and 

adults to be modestly associated with reduced weight gain, as compared with skipping 
breakfast 745-747, while another study found no consistent association 748.  In the EPIC-
Norfolk cohort, an increased percentage of daily energy consumed at breakfast was 
independently associated with relatively lower weight gain at follow-up 749.   

Summary 
 
489. Methodological constraints are a severe limitation in defining the role of diet composition 

on the regulation of body weight.  Overall, the evidence of diet composition affecting risk of 
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weight gain is weak, despite energy intakes clearly being fundamental to weight gain. 
 
490. Surveys suggest that diet macronutrient composition has changed over the past 20 years 

or more, with an increased proportion of energy from carbohydrate and a decreased 
proportion from total fat and saturated fatty acids.  This was over the same time period in 
which there has been a large increase in the prevalence of those overweight and obese.  There 
also appears to have been a decrease in average daily energy intakes, which appears to date 
from the 1960s, and which may reflect a decrease in energy expenditure during this time. 

 
491. With regard to the regulation of body weight, it is important to consider diet in 

conjunction with physical activity.  Consideration of energy balance and flux is required, 
rather than just energy intake and expenditure in isolation.  This is the topic of the following 
appendix. 
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Appendix 8.  A consideration of energy intake and physical 
activity in relation to weight gain  

Background 
 
492. As weight gain is dependent on energy intake and energy expenditure, it is necessary to 

consider energy balance and energy flux, rather than energy intake and energy expenditure in 
isolation.  This is the focus of the current appendix. 

 
493. It is not possible to accurately define a level of energy expenditure or a required 

frequency, intensity and duration of physical activities that reduces the risk of weight gain.  
Available evidence suggests the influence of physical activity on body weight is weak, 
although methodological constraints are clearly an issue in interpreting the data 106.   

 
494. The evidence investigating whether diet composition affects risk of weight gain is also 

weak 623, but clearly a mismatch between energy intakes and energy expenditure is 
fundamental to weight gain.  Methodological constraints have hampered elucidating the role 
of physical activity and diet composition in the development of overweight and obesity.  
Weight gain and obesity must result from a chronic positive energy imbalance, which implies 
a failure of auto-regulatory homeostatic responses to maintain energy balance.  The 
asymmetry between the hunger and satiety arms of human appetite control has been 
implicated in this process 109.   
 

495. The average daily weight gain in modern populations is relatively small and even in 
morbidly obese people the lifetime error in daily energy balance regulation is surprisingly 
small 109.  An analysis of data from national surveys in the US estimated that affecting energy 
balance by about 420kJ (100 kcal) per day (through change in energy intake and/or PAEE) 
could prevent weight gain in most of the adult population 621.  In children, a figure of about 
1,100kJ (260 kcal) per day, as estimated from body composition changes, was suggested to 
be necessary to halt weight gain 622.   

Energy balance and energy flux 
 
496. It has long since been hypothesised that the mechanisms controlling energy balance may 

be more accurate in individuals with higher levels of physical activity, but that in sedentary 
individuals there is a threshold of physical activity below which these mechanisms become 
imprecise and that this leads to obesity 107.  At low rates of energy flux, or turnover, this 
dysregulation would lead to a positive energy imbalance 358.  There is some evidence that the 
coupling between energy expenditure and energy intake may be less efficient at low levels of 
physical activity 108;109. 

 
497. In metabolic studies lasting between one and two weeks, in which the fat content (and 

thus the energy density) of foods supplied to volunteers fed ad libitum was covertly 
manipulated 750-752, differences in energy balance were observed between lean subjects 
confined to whole-body calorimeters, who were less physically active, and those in free-
living conditions.  For example, when subjects were fed 40% of total energy as fat, those in 
the calorimeter had a positive energy imbalance of +850 kJ per day and those under free-
living conditions had a negative energy imbalance of -1,800kJ per day 109. 
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498. In another study conducted in a whole-body calorimeter 753, lean subjects fed ad libitum, 

but with the fat content covertly manipulated to 35 or 60% total energy, either undertook 
planned exercise or remained physically inactive.  Over a 2 day period, the active individuals 
did not have a significantly positive energy imbalance on either diet, but the imposition of 
sedentary behaviour resulted in a positive energy imbalance that was higher on the high fat 
diet.   

  
499. A further study conducted over 7 days in a whole-body calorimeter, imposed either a 

sedentary (1.4 x RMR) or a moderately active (1.8 x RMR) regimen on lean subjects fed ad 
libitum a medium-fat diet and determined the effects on energy balance 754.  There was no 
significant change in energy intakes across regimens and no tendency for energy intakes to 
drop as the sedentary regimen progressed, which led to a markedly positive energy 
imbalance (15.2 MJ over the 7 days) during the sedentary regimen. 

 
500. The existence of a threshold of physical activity below which appetite control is 

ineffective has been proposed 755.  A prospective DLW study of previously obese women 
proposed a minimum threshold of PAEE (1.75 TEE:RMR) that was required to maintain 
weight loss 108, but the evidence for the threshold was not strong 109. 

 
501. While these studies do provide some support for the hypothesis that individuals who had 

high levels of PAEE are better at balancing energy intake with energy expenditure than those 
with low levels of PAEE, there are no studies available of a longer duration than one or two 
weeks; furthermore, the concept of a threshold of energy flux above which regulation is 
accurate remains unproven.    

 
502. The two ways to increase energy flux are through increased physical activity or through 

weight gain.  Both serve to increase TEE, allowing energy balance to occur at a higher level.  
If it is easier to maintain energy balance at a high energy flux, this is an important 
consideration in the treatment of obesity 756.  While physical activity alone appears a 
relatively inefficient means for losing weight in overweight individuals, it appears to be an 
important factor in the successful maintenance of weight loss 409.  The efficacy of increased 
physical activity in maintaining weight loss could be partly due to increasing energy flux; the 
psychological effects of exercise in enhancing well-being and status and control, and hence 
compliance with a restrictive dietary regime, may also be important 109.  

 
503. Increasing physical activity leading to increased TEE results either in loss of body weight 

or to a compensatory increase in energy intake to maintain energy balance.  A compensatory 
increase in energy intake may also result in the increased intake of other food constituents, 
e.g. minerals and vitamins, thus reducing the risk of nutritional deficiencies and poor 
nutritional status 757.  Increasing energy flux, by increasing physical activity and while 
maintaining energy balance, could, therefore, have beneficial nutritional effects apart from 
any effects on weight maintenance. 

Exercise and appetite control 
 
504. There appears to be a spontaneous reduction in hunger associated with participation in 

exercise programmes 758.  Short (1–2 day)-term and medium (7–16 day)-term physical 
activity intervention studies show this results in substantial negative energy balances per day 
759.  Energy intake subsequently begins to increase and provides compensation for about 30% 
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of the energy expended in activity.  This compensation (up to 16 days) is partial and 
incomplete; moreover, the extent and degree of compensation appears to vary between 
individuals 760.  Reducing levels of physical activity was observed not to result in a 
compensatory reduction of energy intake, leading to a positive energy imbalance, in lean men 
over 7 days 754.   

 
505. It seems, therefore, that it might take considerable time for energy intake to adjust to 

changes in energy expenditure.  Some studies indicate that short-term exercise does not have 
the same effect on food intake as long-term exercise and that eventual increase in food intake 
due to increased physical activity does not follow the same pattern in obese as in lean 
individuals 757.   

 
506. There is some evidence to suggest exercise may modulate appetite control by improving 

the sensitivity of the physiological satiety signalling system 759;761;762.  Compensation for a 
high-carbohydrate preload was observed to be more accurate in habitual exercisers than non-
exercisers 763, as well as in those who had completed a 6-week moderate-intensity exercise 
intervention 35.  Following a bout of exercise, subjects were observed to discriminate more 
accurately between the energy values of different beverages 764.   

 
507. Overall, individuals appear to tolerate substantial exercise-induced negative energy 

balances, for which compensation in energy intake is incomplete by 16 days 754.  Physical 
inactivity resulted in a positive energy imbalance, for which there was no compensation in 
energy intake after seven days.   

Summary 
 
508. While it may not be possible to accurately define the nature of the relationship between 

physical activity, diet and weight gain, it is clear that both physical activity and a balanced 
diet have important roles in the provision of health in general. 

 

509. It is important for further research to consider the potential interaction of diet 
composition and physical activity in the development and maintenance of obesity.  Most 
previous research has focused exclusively on the effects of one type of diet or of physical 
activity or examined diet composition and physical inactivity independently, but few studies 
have compared the effects of a combination of diet composition and physical activity.  Any 
effect of diet composition may be dependent on the pattern of physical activity. Conversely, 
any effect of physical activity may depend, in part, on diet composition.  A better 
understanding of these two factors and their relation may help explain why obesity is so 
prevalent in the UK, while allowing for the fact that not everyone within that environment is 
obese.   
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Appendix 9. Characteristics of the data set of DLW 
measures of energy expenditure of children adolescents and 
teenagers 

 
510. The available DLW data from studies of children aged >1 year was examined. A data set 

of 845 individual values was assembled for the US DRI report20, probably limited to studies 
published before 2002. The distribution by age was uneven and included large numbers of 
infants aged<2, 4-5 and 8-10 year olds, with fewer 2-3 and 10-18 year olds.  

 
511. The FAO/WHO/UNU report was based on studies assembled by Torun765 which were 

listed in terms of mean study values for children aged >1 year. This involved many more 
individual children with a more even age spread than that examined in the US DRI report20. 

 
512. SACN compiled a data set of all published DLW studies of children aged >1 year which 

included all those studies assembled by Torun765 and other studies published up to 
2006277;766-768;768-783. All studies were tabulated according to study mean values for boys and 
girls for specific age groups. This resulted in 170 data points (study means) representing a 
total of 3502 individual measurements (females=2082, males=1420). They included 4 studies 
from developing countries (Brazil, Chile, Guatemala and Mexico) but all were well 
nourished. The rest were mainly from the United Kingdom or the United States of America 
with single studies from Canada, Denmark, the Netherlands and Sweden. Those from the 
USA involved Caucasian-American, African- American and native-American children. 

 
513. PAL values and BMR values were not included in many of the studies. For all studies 

which did not report BMR, BMR values were calculated from the Henry equations for 
weight and height or just weight if no height was reported.  PAL values were then calculated 
from TEE and BMR.  

 

Number of studies and individuals within the studies and general characteristics. 
 
514. Values are shown in Figure 8. The tabulated data will be made available on the SACN 

website. The data set includes a reasonable overall age spread in terms of number of studies, 
although there are 5 or less studies for ages of 3,11,13,15 and 16 years. Thus there were 
relatively few subjects studied at the ages of 3,4,12, 14, 16-18 years and an excess of subjects 
(>600) at 10 years of age. Older teenagers (>15 years of age) are under-represented. 
Although most data points do relate to discreet age groups, in some cases data points are the 
mean of an age range. For example three data points for 8 year olds include PAL values from 
a total of 149 children with ages from 5-10.5 years.  
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Figure 8. Mean PAL study values in the SACN data set as a function of age and gender and  
 

 
 
 
515. The regression of TEE on BMR is shown in Figure 9. The increase in PAL after the age 

of 4 means that the slope of the regression of TEE on BMR increases after this time. This is 
discussed in more detail in Appendix 2. 

 
Figure 9.  Regression of TEE on BMR: SACN children’s data set 

 

 
Grouping by age 

 
516. Overall, PAL appears to increase with age (see Figure 9) from 1.33 to1.81 between the 

ages of 1 and 18 years, as indicated by a polynomial (quadratic) regression (see Figure 10). 
However there was a clustering of the youngest children (age1-3 years) at the lower range 
(PAL ≈ 1.4), with an increase in the overall range starting at school age and with fewer 
studies with mean PAL values below 1.6 (n= 2) in teenagers. From an early age (≅5 years) 
there is a wide range of mean study PAL values for boys and girls around the regression. 
This suggests that grouping into three age groups would be a valid way of expressing the 
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increase in PAL with age, thereby simplifying the calculation of energy reference values for 
children and adolescents.  

 
517. Grouping of PAL values within the ages for which BMR is estimated (i.e.1-3, 3-<10 and 

10-18 years) is shown in Figure 10 and Table 36. Median PAL values for the three age 
groups are 1.39 (≤3 years), 1.57 (>3-<10 years) and 1.73 (>10-18 years).  For the age groups 
≤3 years and >10-18 years and for the ages of 5.5-8 years, the median values fall within or 
close to the 95th CI values of the regression. Clearly the step changes in PAL and consequent 
energy reference values at the age group boundaries are a disadvantage to this approach 
which needs to be balanced against the simplifying effect of not using age specific PAL 
values predicted from the regression. 

 
Figure 10.  Grouping of PAL values by ages 0–3, >3–<10 and >10–18 years (SACN children’s 
data set) 

  

Table 36. Grouping of PAL values within the ages ≤3, >3-<10 and 10-18 years (SACN 
children’s data set)    

  Age PAL 
 N mean sd Min Max mean sd Min Max Q25 Median Q75 
1 14 2.3 0.54 1.5 3.0 1.39 0.06 1.26 1.46 1.35 1.39 1.43 
2 85 7.0 1.87 4.0 9.3 1.56 0.14 1.21 1.98 1.42 1.57 1.69 
3 71 13.0 2.38 10.0 18.0 1.75 0.13 1.42 2.19 1.66 1.73 1.85 

  
 
Influence of gender  
 
518. Factorial ANOVA of PAL by age group and gender shows that gender is not a significant 

influence on PAL but there are significant differences between each of the three age groups. 
 

 

 

 

 

PAL = 1.2762+0.0503*x-0.0011*x 2̂; 0.95 Conf.Int.

0 2 4 6 8 10 12 14 16 18 20

Age

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

P
A

L

Categ. Box & Whisker Plot:  PALcalc

 Median 
 25%-75% 
 Min-Max 

1 2 3

final group

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

PA
Lc

al
c

group 2
  1.57

group 2
 1.73

group1
 1.39



 

This document has been prepared for consideration by the Scientific Advisory Committee on Nutrition.  It does not necessarily represent the 
final views of the Committee or the policy of Health Departments and the Food Standards Agency. 
 

137

 

Table 37. Influences of gender on PAL values within the ages1-3,>3-<10 and 10-18 
Gender   Age  PAL 

 
   

 Group N Means Std.Dev. Means Std.Dev. P values  
Girls 1 5 2.0 0.34 1.41 0.06 Gender 0.28 
 2 23 5.4 1.23 1.50 0.18 Group <0.0001 
 3 63 11.2 2.94 1.67 0.15 Gender x group 0.55 
Boys 1 5 2.0 0.34 1.40 0.04   
 2 25 5.4 1.24 1.54 0.18   
 3 49 11.5 3.19 1.71 0.20   
 
 
 
Variation of PAL with age within the BMR age groups. 
 
519. PAL varies with age within both the 3-<10 and 10-18 age groups but the influence of age 

is minor compared with the overall variability (r2=0.098 and 0.057) especially in the 10-18 
group (p=0.04). The slopes imply increases in PAL of 0.14 and 0.1 PAL units respectively 
over the age ranges, a very small change compared with the wide within group overall range 
as shown above.  

 
520. It is by no means certain that the changes with age for school age children are real or 

reflect selection bias or other between study factors. An analysis of the data set by DLW 
methodology (multipoint, two point or other) indicate that the PAL values for those 
involving the two point method, are almost invariably lower (≈ 0.2 PAL units) than the other 
methodologies. Because these studies represent a considerable fraction of studies on children 
from 5-9 years but relatively few involve teenagers, their inclusion in the data set does tend 
to increase the age-related changes in PAL. However as discussed in Appendix 1, although 
some reviewers suggest that the multipoint approach may decrease the error to a small 
degree, overall the different approaches are in principle equally valid. 

 
521. Examination of the few studies which report the range of PAL values in randomly 

selected pre-adolescent school children shows that such children do exhibit the same wide 
range of physical activity as the adult population.  Thus in a study of 47 randomly selected 
Australian school children, aged 5–10.5 years, PAL varied from 1.32-2.18 (mean =1.71) with 
tertiles of 1.32-1.63, 1.64-1.80, 1.81-2.18475.  The same group report mean PAL values of a 
group of 106 school children aged 6.0–9.6 years477 which  varied over  a very wide range 
1.2-2.32, mean = 1.70. The combined data from these two studies (n=149) indicate a median 
PAL of 1.69 (range 1.19-2.34, 25th and 75th centiles of 1.56 and 1.83) with ages from 5-10.5 
years. Although individual PAL values are not shown as a function of age the authors 
analysis of variation in PAL values (in relation to adiposity), implies that age was not an 
influence. 

 

Adjustment of PAL to account for growth costs 
 
522. Actual growth costs calculated by SACN differ only slightly from those reported by 

FAO/WHO/UNU13. In the US DRI report20 a simplified estimate is reported with single 
values for the 3-7 and 8-18 year age groups. Within the FAO report13 growth costs are also 
reported as an adjustment to average PAL values involving an increase of 1%, i.e. an 
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assumption that growth costs (deposition) are equivalent to 1% of the energy requirement 
(ER).  

 
523. It is the case that if growth costs are calculated as a percentage of ER the values indicated 

are an overall average (1-16 years) of 0.98% of ER (range, boys: 0.4% - 1.37%; girls: 0.05% 
- 1.59% girls). If a single average growth value as a percentage of ER was used throughout 
the age range, the maximum errors would be during the peak growth phase for older children 
where growth would be underestimated by up to 0.6% ER for girls or 0.4% for boys and then 
overestimated by similar amounts as growth slows at the end of teenage years. These are 
trivial amounts (i.e. 0.01PAL units), given the variation in PAL and overall TEE which 
occurs at all ages. 

 
524. Thus growth costs can be included within a factorial model as an adjustment to PAL 

values of an increase of 1% (i.e. =1.01 x PAL). 
 
Table 38. PAL values for use in calculation of energy requirements of children and adolescents, 
adjusted for growth 

Age 
group PAL* 
mean Q25 Median Q75 

1-3 1.36 1.40 1.45 
>3-<10 1.43 1.58 1.70 
10-18 1.68 1.75 1.86 

 
* PAL as indicated in Table 36 adjusted for growth(=PALx1.01) 
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Appendix 10. Characteristics of the data set of DLW 
measures of energy expenditure for adults: combined 
OPEN/Beltsville DLW data set. 

 
525. The two data sets of total energy expenditure (TEE) measures used were the OPEN study 

60;61 (individual data obtained from Amy Subar) and the Beltsville underreporting study 62 
(individual data obtained from Alanna Moshfegh). 

 
526. The OPEN study (n=450) involved healthy volunteers aged 40–69 years recruited from a 

random sample of 5000 households in the metropolitan area of Washington, DC 
(Montgomery County, MD).  The cohort comprised 245 men and 206 women, 85% were 
white with the rest mainly black or Asian. Most (87%) had some college schooling with 63% 
college graduates or post graduates.  The distribution by BMI groups was 31% normal (18.5 
to less than 25 kg/m2), 41% overweight (25 to less than 30 kg/m2), and 29% obese (30 kg/m2 
or more). 

 
527. BMR was not measured in the OPEN study, but BMR was estimated using the Mifflin 

predictions based on weight, height and age 61.  For reasons discussed in Appendix 3, the 
data presented here are calculated using the Henry prediction equations based on weight and 
height 57.  

 
528. The Beltsville study (n= 525) involved a study cohort of volunteers aged 30–69 years 

residing in the greater Washington, DC, metropolitan area.  These were recruited through  
advertisements in local newspapers and on websites; announcements sent to employees of 
USDA (Beltsville, MD), local industries, and offices; and the use of a Beltsville Human 
Nutrition Research Center database of persons known to be interested in participating in 
human studies. 

 
529. The subjects were predominately non-Hispanic white and were distributed evenly by sex 

and approximately by age.  Only 8% of subjects had not attended college. Approximately 
21% of the subjects (both sexes) were obese (BMI greater than 30). More females (48%) 
than males (36%) were considered normal weight.  Only 5% of the men and 6% of the 
women were current smokers.  BMR was measured. 

 
530. The characteristics of the distribution of the PAL values for the two data sets are shown 

in Table 39. They were clearly very similar. The combined Beltsville and OPEN data set was 
trimmed for PAL values less than 1.27 or greater than 2.5, on the grounds that these are the 
limits of sustainable PAL values within a healthy population and that values outside this 
range are unphysiological, mainly due to measurement error.  This removed 1 subject with a 
PAL value greater than 2.5 and 38 subjects with PAL values less than1.27 (mean 1.17, range 
1.01- 1.269).  The effect of trimming was to increase the median PAL value from 1.62 to 
1.63 (see Table 39). 
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Table 39.  PAL value statistics for individual and combined OPEN60;61  and BELTSVILLE62 data 
sets 

PAL n Mean SD Min 10th 
centile

25th 
centile 

Median 
centile 

75th 
centile  

90th 
centile 

Max 

Beltsville 478 1.63 0.25 1.01 1.32 1.46 1.62 1.78 1.96 2.34 
OPEN 451 1.64 0.21 1.01 1.40 1.49 1.61 1.77 1.92 2.61 
All 929 1.64 0.23 1.01 1.36 1.48 1.62 1.78 1.95 2.61 
Trimmed 890 1.66 0.21 1.27 1.40 1.49 1.63 1.78 1.96 2.50 

 
531. The distribution of PAL by gender and age, and in terms of frequency, is shown in Figure 

11.  The distribution of subjects by BMI and age is shown in Figure 12.  The regression of 
TEE on BMR is shown in Figure 13 indicating the very small intercept (33.5 kcal/kg (95% 
CI:-104 & 171; p=0.6), which is discussed further in Appendix 2. 

 

Figure 11.  Distribution of PAL by gender and age and frequency 

 

Figure 12.  Distribution of subjects by BMI and age. 
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Figure 13.  Regression of TEE on BMR: Adult data set 

 

532. The population demographics are shown in Table 40, and the distribution of BMI and its 
relationship to PAL is shown in Table 42 and Table 43. 

 

Table 40.  Population demographics for combined OPEN and BELTSVILLE data sets 

  n Mean sd Min Max 
AGE  F 424 51 10 30 70 
  y M 466 52 10 30 69 
  All Grps 890 51 10 30 70 
Height* F 206 1.63 0.06 1.47 1.82 
m M 239 1.77 0.07 1.58 1.94 
  All Grps 445 1.70 0.10 1.47 1.94 
Weight* F 206 73 17 45 126 
kg M 239 88 16 54 138 
  All Grps 445 81 18 45 138 
BMI F 424 27 6 17 51 
kg/m2 M 466 28 4 18 43 
  All Grps 890 27 5 17 51 
BMR F 424 1393 166 982 1960 
kcal/d M 466 1757 217 1279 2522 
  All Grps 890 1584 266 982 2522 
TEE F 424 2290 386 1442 3731 
kcal/d M 466 2923 516 1889 5061 
  All Grps 890 2621 557 1442 5061 
*Beltsville data set contains only BMI, not height or weight 
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Table 41.  Distribution of BMI and its relationship to PAL for the combined OPEN and 
BELTSVILLE data sets 

  
   BMI PAL 
   N mean sd mean sd median Min Max 
Normal All 322 22.7 1.69 1.65 0.21 1.61 1.27 2.37 
  Female 181 22.4 1.76 1.64 0.22 1.60 1.27 2.37 
  Male 141 23.1 1.51 1.67 0.21 1.64 1.29 2.34 
overweight All 348 27.2 1.45 1.66 0.20 1.65 1.29 2.50 
  Female 136 27.1 1.41 1.66 0.21 1.63 1.29 2.50 
  Male 212 27.3 1.47 1.66 0.20 1.66 1.29 2.31 
Obese All 220 34.1 3.94 1.66 0.23 1.63 1.28 2.37 
  Female 107 34.7 4.37 1.65 0.21 1.63 1.28 2.15 
  Male 113 33.5 3.41 1.67 0.24 1.63 1.29 2.37 
All   890 27.3 4.97 1.66 0.21 1.63 1.27 2.50 
 

Table 42.  Distribution of PAL according to BMI categories for the combined OPEN and 
BELTSVILLE data sets 
Status N Mean Std.Dev. Minimum 10th Q25 Median Q75 90th Maximum
Normal 322 1.65 0.21 1.27 1.40 1.49 1.61 1.78 1.95 2.37 
Overweight 348 1.66 0.20 1.29 1.41 1.50 1.65 1.79 1.92 2.50 
Obese 220 1.66 0.23 1.28 1.40 1.47 1.63 1.80 1.99 2.37 
All 890 1.66 0.21 1.27 1.40 1.49 1.63 1.78 1.96 2.50 

 

 
533. Within the cohort, there were similar numbers of overweight and obese subjects (36% 

normal, 39% overweight and 25% obese).  Mean PAL values for BMI categories did not 
differ significantly (p=0.91) neither did the distribution in terms of quartile boundaries and 
10th and 90th centile values. Also the regression of PAL on BMI was non-significant (p=0.64 
for slope: R2 less than 0.1%). 

 
161. PAL fell with age (PAL=1.74-0.0016 x age, R 2=0.004, p=<0.03); however, the shallow 

slope means that the fall with age is small and age explains only 0.4% of the variance, i.e. 
PAL = 1.69 at 30 and 1.63 at 70.  Also as shown in Table 43, a comparison of PAL values 
between the younger subjects (age≤35y) with those aged >35y shows the absolute values of 
mean and median PAL values to be slightly lower in the younger subjects, although not 
significantly different  (p=0.51 for mean values). This suggests that the lack of adult subjects 
aged <30 is unlikely to represent a significant source of bias when the data set is used to 
represent PAL values for all adults.  

 

Table 43. Comparison of PAL values between the youngest group (aged<=35) with those >35y
   

age 
N Mean Std.Dev. Minimum 10th 

centile 
Q25 Median Q75 90th 

centile 
Maximum

≤35 56 1.64 0.21 1.30 1.41 1.46 1.61 1.78 1.97 2.12 
>35 834 1.66 0.21 1.27 1.40 1.49 1.63 1.78 1.96 2.50 
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Appendix 11. Comparisons with previous reports. 
 
534. Table 44 shows energy reference values for infants, children and adolescents in the 

current report based on median PAL values for the various age groups compared with values 
reported by COMA1, with the change in this report shown as a percentage.  The values 
reported by COMA are those most likely to have been used and were interpolated from more 
detailed tables. They can be compared with similarly interpolated values from the current 
report.  Some of the body weights at the various ages used to calculate values in the two 
reports vary slightly and this explains some of the differences although most are due to the 
different methods of calculation.  The overall pattern of differences is for an increase in the 
EAR value for newborn infants, lower values from 3 months to 10 years, with higher values 
for adolescents especially girls.  

 
Table 44.  Energy reference values for infants, children and adolescents in the current report 
compared with values reported by COMA1 
 

Age Energy reference values (MJ/d)

 COMA (1991) SACN 2009 Change (+%) 

 Boys Girls Boys Girls Boys  Girls 

0-3 months 2.3 2.2 2.6 2.4 14 10 

3-6 months 2.9 2.7 2.7 2.5 -8 -7 

6-9 months 3.4 3.2 2.9 2.7 -15 -16 

10-12 months 3.9 3.6 3.2 3.0 -16 -18 

1-3 years 5.2 4.9 4.3 4.1 -16 -16 

4-6 years 7.2 6.5 6.2 5.8 -14 -10 

7-10 years 8.2 7.3 7.6 7.2 -7 -1 

11-14 years 9.3 7.9 9.8 9.1 6 15 

15-18 years 11.5 8.8 12.5 10.1 9 14 

 

Infants aged 1-12 months 
 

535. COMA1 defined energy reference values for children aged 0-12 months on the basis of 
available evidence on TEE for this age group to which estimates of deposited energy during 
growth were added.  This means that energy reference values for infants were only defined 
for breast milk substitute-fed infants as it was felt that a reference value for breast fed infants 
was meaningless in practice.  The new estimates described here are 10-14% higher at 0-3 
months but become progressively lower by up to 18% between 3-12 months. 
 

Children and adolescents aged 1-18 years 
536. For 1–3 year old children the new estimates described here are also lower by about 16% 

compared with the COMA DRV report estimates.  This is also the case for older children 
although the change gets less with age and for adolescents, especially girls, the new reference 
values are up to 15% higher.  For children aged 3-10 years, in the absence of sufficient 
expenditure data, COMA based its reference values on energy intakes. For older children and 
adolescents, COMA defined energy reference values with a factorial model as in the present 
report, with the exception that BMR was predicted by modified Schofield equations.  Here 
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the Henry equations have been used on the basis of arguments elaborated in Appendix 3, but 
in practice, the predicted BMR values differ only to a minor extent.  COMA utilized PAL 
values ranging from 1.4 to 2.0 and reported reference values for a range of body weights.  
However, the COMA report did not state which PAL values were used in the final 
aggregated values (shown in Table 45) or which body weights, although lower PAL values 
were employed to calculate energy reference values for girls compared to boys.  This is why 
from the age of 7 years, the pattern of change for girls differs from that for boys. 

Comparison with FAO/WHO/UNU energy reference values for children and 
adolescents 
 
537. The FAO/WHO/UNU Human Energy Requirements report13 uses BMR x PAL to 

estimate energy reference values for children.  BMR was predicted from the Schofield 
equations.  PAL values were derived by dividing TEE values predicted from a polynomial 
regression of DLW data, by predicted BMR values, adjusting for growth and identifying 
these PAL values as equivalent to moderate physical activity. This resulted in PAL values 
increasing from 1.43 at 1-2 years to 1.83 at 17-18 years for boys, and from 1.42 to 1.72 for 
girls at equivalent ages.  These PAL values are generally higher than those identified as 
median values in the SACN report and therefore the new values derived by SACN are 
somewhat lower than those identified by FAO/WHO/UNU for moderately active children. 

Comparison with COMA DRV report for adults 
 
538. The COMA DRV report values were listed for a range of body weights for men and 

women aged 19-29 years and 30-59 years based on BMR x PAL, with BMR calculated from 
modified Schofield equations and with nine PAL values ranging from 1.4 to 2.2 1.  In the 
absence of any reliable information, and based on the assumption that much of the population 
had an inactive lifestyle, the previous energy reference values used a PAL value of 1.4 to 
calculate the adult population EAR 1.  Subsequent studies suggest that this underestimates 
population physical activity and consequently a median PAL value 1.63 is recommended for 
adults in this report, i.e. 16% higher.  For a man aged 25-34 years, of an average height and 
weighing 70.5 kg, the EAR is 11.4 MJ/day while the COMA DRV report is 10.3 MJ/day. 
 

539. This report employs a different approach to identifying specific recommendations for 
population subgroups, as the prediction of PAL values with the accuracy implied in previous 
reports is unrealistic.  Instead, three broad PAL ranges are defined representing the average 
or median (PAL=1.63), less active (25th centile: PAL =1.49) or more active (75th centile: 
PAL=1.78) within the overall range of 1.38-2.5. This means that some sedentary individuals 
may have energy requirements slightly lower than implied by the less active PAL value and 
some active individuals may have energy requirements higher than implied by the more 
active PAL value. Judgements must be made where it is deemed necessary to identify energy 
requirements more precisely.  Such judgements are helped by advice offered about the likely 
extra energy required for specific activities recognising that these amounts can only be 
defined approximately.  
 

540. In this report the influence of age on energy requirements is limited to that associated 
with the change in BMR per kg body weight.  The recommendations in terms of PAL values, 
therefore, are the same for the healthy mobile free living older adults as for younger adults. 
This is in recognition that an increasing fraction of older adults can and do remain physically 
active.  Evidence suggests that individuals who are able to maintain higher levels of physical 
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activity of any sort will gain benefit in terms of lower mortality117. With an increasing lack of 
mobility, energy expenditure and requirements will fall so that PAL values at or below the 
lower quartile will become more appropriate.  For those who are immobile, falling food 
intakes associated with reduced energy requirements increases the potential for nutrient 
deficiencies so that nutrient dense food becomes particularly important for this population 
group 1. 

 
541. The COMA DRV report predicted BMR values using modified Schofield equations1.  

Here the Henry equations have been used (see Appendix 3).  In practice, however, the 
predicted BMR values differ only to a minor extent.   

Comparison with FAO/WHO/UNU energy intake recommendations for adults 
 
542. The FAO/WHO/UNU Human Energy Requirements report13 uses BMR x PAL to 

estimate adult requirements, with BMR calculated from Schofield equations and with six 
PAL values ranging from 1.45 to 2.20.  Here the Henry equations (see Appendix 3), which 
results in a slightly lower estimation of BMR compared to the Schofield equations.  
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Table 45.  A comparison of the previous and proposed adult population EAR 
Men  Weight (kg) COMA DRV report (PAL=1.40)a EAR (PAL=1.63)b 

Age (y) Height (cm)   BMI 20 22.5 25 BMI 20 22.5 25 BMI 20 22.5 25 
19-24 Mean 177 62.7 70.5 78.3 9.3 10.0 10.7 10.7 11.4 12.2 
  2.5%ile 163 53.1 59.8 66.4 8.5 9.1 9.6 9.4 10.1 10.7 
  97.5%ile 190 72.2 81.2 90.3 10.1 10.9 11.7 11.9 12.8 13.7 
25-34 Mean 177 62.7 70.5 78.3 9.6 10.3 11.0 10.7 11.4 12.2 
  2.5%ile 165 54.5 61.3 68.1 8.9 9.5 10.1 9.6 10.3 11 
  97.5%ile 188 70.7 79.5 88.4 10.3 11.1 11.9 11.7 12.6 13.4 
35-49 Mean 176 62.0 69.7 77.4 9.3 9.8 10.3 10.4 11 11.6 
  2.5%ile 161 51.8 58.3 64.8 8.6 9.0 9.5 9 9.5 10 
  97.5%ile 190 72.2 81.2 90.3 10.0 10.6 11.2 11.7 12.4 13.1 
50-64 Mean 175 61.3 68.9 76.6 9.2 9.7 10.3 10.3 10.9 11.5 
  2.5%ile 162 52.5 59.0 65.6 8.6 9.1 9.5 9.1 9.6 10.1 
  97.5%ile 188 70.7 79.5 88.4 9.9 10.5 11.1 11.5 12.2 12.8 
65-74 Mean 172 59.2 66.6 74.0 8.2 8.8 9.3 9.2 9.8 10.4 
75+ Mean 169 57.1 64.3 71.4 7.6 8.0 8.3 8.9 9.5 10 
Women     

19-24 Mean 163 53.1 59.8 66.4 7.5 8.0 8.6 8.7 9.1 9.6 
  2.5%ile 150 45.0 50.6 56.3 6.8 7.2 7.7 7.5 7.9 8.3 
  97.5%ile 175 61.3 68.9 76.6 8.2 8.8 9.5 9.7 10.3 10.8 
25-34 Mean 162 52.5 59.0 65.6 7.4 8.0 8.5 8.6 9 9.5 
  2.5%ile 148 43.8 49.3 54.8 6.7 7.1 7.6 7.4 7.8 8.1 
  97.5%ile 172 59.2 66.6 74.0 8.0 8.6 9.3 9.5 10 10.5 
35-49 Mean 162 52.5 59.0 65.6 7.5 7.8 8.1 8.4 8.8 9.1 
  2.5%ile 151 45.6 51.3 57.0 7.1 7.4 7.7 7.6 7.9 8.3 
  97.5%ile 175 61.3 68.9 76.6 7.9 8.2 8.6 9.3 9.8 10.2 
50-64 Mean 160 51.2 57.6 64.0 7.4 7.7 8.0 8.3 8.6 9 
  2.5%ile 148 43.8 49.3 54.8 7.0 7.3 7.6 7.4 7.7 8 
  97.5%ile 173 59.9 67.3 74.8 7.8 8.2 8.5 9.2 9.6 10 
65-74 Mean 159 50.6 56.9 63.2 6.8 7.1 7.4 7.6 7.9 8.3 
75+ Mean 155 48.1 54.1 60.1 6.4 6.8 7.1 7.3 7.7 8 
a BMR calculated using the modified Schofield equations 1. 
b BMR calculated using the Henry equation (see Appendix 3) 

Comparison with COMA DRV report for pregnancy 
 
543. The COMA DRV report recommended an increment in EAR of 0.8MJ/d 

above the pre-pregnant EAR only during the last trimester.  It was noted that 
women who were underweight at the beginning of pregnancy, and women who 
did not reduce activity, may need more. 

Comparison with COMA DRV report for lactation  
 
544. The COMA DRV report for energy recognised two distinctive groups of 

breastfeeding mothers (see Table 46).  Firstly, women who practised exclusive or 
almost exclusive breastfeeding until the baby was 3-4 months old and then 
progressively introduce complementary foods as part of an active complementary 
feeding process which often lasts only a few months (Group 1).  Secondly, women 
who introduced only limited complementary feeds after 3-4 months and whose 
intention was that breast milk should provide the primary source of nourishment 
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for 6 months or more (Group 2). 
 
Table 46.  Additional energy requirements for lactation 
Month Milk volumesa Energy costb Allowance for Total additional 
 ml/day MJ (kcal)/day weight lossc requirement 
   MJ (kcal)/day MJ (kcal)/day 
All breastfeeding 
women     

0-1 680 2.38 (570) - 0.5 (120) 1.9 (450) 
1-2 780 2.73 (650) -0.5 (120) 2.2 (530) 
2-3 820 2.87 (690) -0.5 (120) 2.4 (570) 
Group 1     
3-6 700 2.45 (590) - 0.5 (120) 2.0 (480) 
6 onwards 300 1.05 (250) Nil 1.0 (240) 
Group 2     
3-6 750 2.63 (630) -0.25 (60) 2.4 (570) 
6 onwards 650 2.28 (540) Nil 2.3 (550) 
a Based on studies from Cambridge and Sweden using the test weighing technique 784;785. 
b Gross energy density of the milk assumed to be 280 kJ/100 g (67 kcal/100 g). Dietary to milk energy 
conversion efficiency assumed to be 80 per cent. 
c Assuming an average weight loss of 500 g/month with an energy equivalence of 29 MJ/kg (6900 
kcal/kg). 
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