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Preface

In 1991, the Committee on the Medical Aspects of Food Policy (COMA) provided 
estimates of energy requirements for the UK population in their report Dietary Reference 
Values for Food Energy and Nutrients for the United Kingdom. The dietary reference 
values (DRVs) for energy were based on estimating the total energy expenditure (TEE) for 
groups of people. TEE provides a measure of the energy requirement at energy balance 
i.e. when energy intake matches energy expenditure. In this way, an energy requirement 
can be predicted as the rate of TEE plus any additional needs for growth, pregnancy and 
lactation.

Since the publication of the report in 1991, the methodology to measure TEE – the doubly 
labelled water (DLW) method – has advanced and as a result, the evidence base on TEE in 
a wide variety of population groups has expanded considerably. In addition, the Food and 
Agriculture Organization of the United Nations, World Health Organization, and United 
Nations University (FAO/WHO/UNU) and Institute of Medicine (IoM) have updated 
their recommendations on energy requirements. With the high levels of overweight 
and obesity currently seen in the UK and the wealth of new data now available, it was 
considered timely for the Scientific Advisory Committee on Nutrition (SACN) to review 
recommendations for the UK population.

The present report details the evidence and approaches SACN have considered in order 
to update the DRVs for energy. The DRVs for energy are based on the estimated average 
requirements (EARs) of infants, children, adolescents and adults. After much deliberation, 
SACN agreed that the factorial approach was the most appropriate way to derive energy 
requirements, whereby TEE is expressed as a multiple of the basal metabolic rate (BMR) 
and the physical activity level (PAL). Hence, TEE or EAR is equal to BMR x PAL. The PAL 
is best estimated from measures of DLW, which give higher values than previously 
estimated by COMA.

SACN noted that in populations like the UK, with a high and increasing proportion of 
overweight and obese individuals, if energy requirements are estimated at current levels 
of energy expenditure and body weights, many groups in the population would continue 
to carry excess weight. This is not desirable since excess body weight is associated with 
long-term poor health and increased mortality. To address this issue SACN chose a 
prescriptive approach to estimating energy reference values. That is, suitable reference 
body weight ranges consistent with long-term good health were used to calculate energy 
reference values. Thus, BMR values were predicted using healthy reference body weights. 
For the purposes of calculation, this equates to the 50th centile of UK-WHO growth 
standards for infants and pre-school children, the 50th centile of UK 1990 reference 
for school-aged children and for adults at a Body Mass Index (BMI) of 22.5 kg/m2 at the 
current height of the UK adult population. Using this approach, if overweight groups 
consume the amount of energy recommended for healthy weight groups, they are likely 
to lose weight, whereas underweight sections of the population should gain weight 
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towards the healthy body weight range. This approach represents a significant departure 
from the method used by COMA.

SACN has derived new energy reference values. For most population groups, except for 
infants and young children, the values have increased. This change reflects the more 
accurate methods used to assess energy expenditure; the evidence base available to 
COMA was more limited and as a result energy requirements were underestimated for 
some age groups. It is important to note that DRVs should be used to assess the energy 
requirements for large groups of people and populations, but should not be applied to 
individuals due to the large variation in physical activity and energy expenditure observed 
between people. Despite SACN’s best efforts to base their recommendations on the 
most up to date evidence, it should be noted that there is less DLW data available for 
infants, younger adults (18-30 years) and those aged 80 years. The Committee hopes that 
this will be addressed in the future.

I would like to thank those who provided comments on the draft version of this report 
during the public consultation. The process assisted the Committee in refining its 
approach to setting energy requirements for the UK. This has been a challenging and 
large undertaking for SACN and I would like to thank the Energy Requirements Working 
Group and the Secretariat for their great commitment in producing this report. Particular 
thanks to Professor Joe Millward for his substantial contribution to this report. I would 
also like to extend my gratitude to the principal investigators of the Beltsville and OPEN 
studies for allowing the Committee to use their data.

SACN has derived new energy reference values.  For most 
population groups, except for infants and young children, 
the values have slightly increased.  This change reflects 
the more accurate methods used to assess energy 
expenditure; the evidence base available to COMA was more 
limited and as a result energy requirements were 
underestimated for some age groups.  It is important to 
note that DRVs should be used to assess the energy 
requirements for large groups of people and populations, 
but should not be applied to individuals due to the large 
variation in physical activity and energy expenditure 
observed between people.  Despite SACN’s best efforts to 
base their recommendations on the most up to date 
evidence, it should be noted that there is less DLW data 
available for infants, younger adults (18-30 years) and 
those aged 80 years.  The Committee hopes that this will 
be addressed in the future.  
 
I would like to thank those who provided comments on the 
draft version of this report during the public 
consultation.  The process assisted the Committee in 
refining its approach to setting energy requirements for 
the UK.  This has been a challenging and large 
undertaking for SACN and I would like to thank the Energy 
Requirements Working Group and the Secretariat for their 
great commitment in producing this report.  Particular 
thanks to Professor Joe Millward for his substantial 
contribution to this report.  I would also like to extend 
my gratitude to the principle investigators of the 
Beltsville and OPEN studies for allowing the committee to 
use their data. 
 

 
Professor Alan Jackson  
Chair of the Energy Requirements Working Group  

Professor Alan Jackson 
Chair of the Energy Requirements Working Group
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1	 Summary

Introduction 
The	Dietary	Reference	Values	(DRVs)	for	food	energy	provide	a	best	estimate	of	S1.	
the	food	energy	needs	of	the	UK	population	and	its	subgroups	and	present	criteria	
against	which	to	judge	the	adequacy	of	their	food	energy	intakes	(Department	of	
Health	[DH],	1991).	The	DRVs	for	food	energy	are	defined	as	the	Estimated	Average	
Requirement	(EAR).	In	adults,	the	EAR	for	energy	has	previously	been	set	at	the	level	
of	energy	intake	required	to	maintain	weight	i.e.	an	energy	intake	which	matches	
energy	expenditure.	During	 infancy	and	childhood,	 the	 requirement	also	has	 to	
meet	the	needs	for	healthy	growth	and	development,	while	during	pregnancy	and	
lactation	 the	 requirement	 must	 meet	 the	 needs	 for	 development	 of	 a	 healthy	
baby	and	supporting	adequate	lactation.	Any	sustained	imbalance	between	energy	
intake	and	expenditure	will	lead	to	progressive	gain	or	loss	in	weight.

The	 National	 Diet	 and	 Nutrition	 Survey	 (NDNS)	 series	 shows	 average	 reported	S2.	
energy	intakes	to	be	consistently	below	the	level	indicated	by	the	EAR	for	food	
energy	 defined	 in	 the	 1991	 report	 of	 the	 Committee	 on	 Medical	 Aspects	 of	
Food	and	Nutrition	Policy	 (COMA)	 (DH,	 1991).	 In	 reality,	average	habitual	energy	
intakes	 in	 the	United	Kingdom	 (UK)	 are	more	 likely	 to	exceed	energy	needs,	 as	
evidenced	by	the	increasing	number	of	people	classified	as	overweight	or	obese.	
Under-reporting	of	food	intake	may	explain	this	paradox	as	it	is	known	to	largely	
account	 for	a	commonly	 reported	discrepancy	between	measured	total	energy	
expenditure	 (TEE)	 and	 the	 apparent	 low	 energy	 intakes	 reported	 in	 NDNS	 and	
other	dietary	surveys.

These	 observations,	 the	 expanding	 evidence	 base	 on	 TEE	 in	 a	 wide	 variety	 of	S3.	
population	 groups,	 together	 with	 the	 publication	 of	 the	 Food	 and	 Agriculture	
Organization	 of	 the	 United	 Nations,	 World	 Health	 Organization,	 and	 United	
Nations	 University	 (FAO/WHO/UNU)	 updated	 recommendations	 for	 energy	
intake	from	the	expert	consultation	on	Human	Energy	Requirements	(FAO,	2004),	
led	 the	 Food	 Standards	 Agency	 and	 the	 Department	 of	 Health	 to	 request	 the	
Scientific	 Advisory	 Committee	 on	 Nutrition	 (SACN)	 to	 re-evaluate	 of	 the	 DRVs	
for	food	energy.	Subsequent	to	this,	the	US	Institute	of	Medicine	(IoM)	published	
revised	Dietary	Reference	Intakes	(DRIs)	for	energy	(IoM,	2005).

Terms of reference
The	Terms	of	Reference	for	the	Energy	Requirements	Working	Group	were	to:S4.	

Review	 and	 agree	 on	 the	 interpretation	 of	 the	 methods,	 definitions	 and		•
assumptions	used	by	COMA	(DH,	1991)	and	FAO/WHO/UNU	expert	consultation	
on	Human	Energy	Requirements	(FAO,	2004)	to	agree	energy	requirements.

Agree	 a	 framework	 by	 which	 to	 arrive	 at	 energy	 requirements	 for	 the	 UK		•
population	and	its	subgroups.
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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	nutrients1.

In	addressing	these	Terms	of	Reference,	the	report	considers:	components	of	and	S5.	
factors	affecting	energy	expenditure;	the	measurement	and	estimation	of	energy	
expenditure;	 energy	 expenditure	 in	 representative	 populations	 of	 children	 and	
adults;	and	energy	requirements	for	the	UK	population	in	health.

Background

Components of energy expenditure
The	TEE	of	an	individual	can	be	divided	into	a	number	of	discrete	components	that	S6.	
can	be	determined	separately.	These	are	basal	metabolic	rate	(BMR),	the	energy	
expended	in	physical	activity,	and	other	components	such	as	the	thermic	effect	
of	food	(TEF)	and	growth.

Basal metabolic rate
Basal	metabolic	rate	(BMR)	is	a	standardised	measure	of	an	individual’s	metabolism	S7.	
in	a	basal	state:	i.e.	while	awake	and	resting	after	all	food	has	been	digested	and	
absorbed,	 and	 at	 thermal	 neutrality.	 For	 most	 individuals,	 BMR	 is	 the	 largest	
component	 of	 energy	 expenditure	 and	 requirements,	 ranging	 from	 40-70%	
depending	 on	 age	 and	 lifestyle.	 BMR	 can	 be	 estimated	 from	 body	 size,	 age	
and	gender.	A	variety	of	BMR	prediction	equations	have	been	described	 in	 the	
literature,	with	 the	Schofield	equations	being	primarily	used	 in	 the	COMA	 (DH,	
1991)	and	FAO/WHO/UNU	(FAO,	2004)	reports.

Physical activity
Physical	 activity	 includes	 a	 wide	 range	 of	 behaviour	 and	 encompasses	 sitting,	S8.	
standing,	 walking,	 and	 planned	 and	 structured	 exercise	 which	 may	 have	 the	
objective	of	maintaining	or	improving	physical	fitness	or	health.	Physical	activity-
related	energy	expenditure	(PAEE)	is	quantitatively	the	most	variable	component	
of	TEE	usually	accounting	for	25-50%	of	energy	expenditure,	up	to	a	maximum	of	
75%	in	some	unusual	circumstances.	

The physical activity level (PAL)
TEE	can	be	expressed	as	a	multiple	of	BMR,	the	physical	activity	level	(PAL).	Hence,	S9.	
TEE	 or	 EAR	 is	 equal	 to	 BMR	 x	 PAL.	 PAL	 is	 theoretically	 independent	 of	 those	
factors	influencing	BMR	(weight,	age	and	gender),	at	least	as	a	first	approximation,	
and	consequently,	 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	deposition	also	needs	to	be	taken	into	account.

1	 In	most	cases,	energy	intake	has	increased	and	therefore	it	was	felt	that	there	was	no	need	to	undertake	this.
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PAL	 values	 are	 best	 estimated	 from	 direct	 measures	 of	 24	 hour	 TEE	 and	 BMR.	S10.	
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,	
e.g.	 soldiers	 on	 field	 exercises	 or	 elite	 endurance	 athletes.	 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	active.

In	previous	reports,	 including	COMA	(DH,	1991),	the	duration	and	energy	cost	of	S11.	
individual	activities	 (as	physical	activity	ratio	 (PAR)	values)	has	been	summed	to	
provide	factorial	estimates	of	PAL.	The	factorial	estimation	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	two	main	
reasons:

For	most	lists	of	activities	used	to	identify	lifestyle	categories,	individual	activities		•
are	only	defined	 in	general	qualitative	 terms	and	consequently	 there	can	be	
large	inter-individual	variations	in	the	energy	expended	for	each	activity.

Factorial	 estimates	 take	 no	 account	 of	 variations	 in	 spontaneous	 physical		•
activity	 (SPA),	 a	 term	 used	 to	 describe	 all	 body	 movements	 associated	 with	
activities	of	daily	 living,	change	of	posture	and	 ‘fidgeting’.	SPA	accounts	for	a	
between-individual	variation	in	energy	expenditure	of	±15%.	The	potential	for	
variable	SPA	throughout	the	range	of	defined	activities	adds	to	the	uncertainty	
that	their	energy	costs	can	be	predicted.

In	this	report,	factorial	predictions	of	PAL	values	for	specific	lifestyle	categories	S12.	
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	
which	exhibit	very	different	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.

Definition of energy requirements
The	energy	requirement	and	associated	descriptive	terminology	must	be	defined	S13.	
with	particular	care	in	the	context	of	a	population	which	includes	many	individuals	
not	 defined	 as	 healthy	 because	 they	 are	 overweight	 or	 exhibit	 habitually	 low	
levels	of	physical	activity.	 In	 1991,	COMA	defined	requirements	 in	general	terms	
only	 i.e.	 intakes	of	nutrients	which	were	 likely	 to	 “meet	 the	needs”	of	 some	or	
all	 within	 population	 groups.	 COMA	 did	 not	 offer	 a	 specific	 definition	 of	 the	
energy	requirement	in	relation	to	specific	body	weights	within	the	healthy	range	
or	prescribed	levels	of	energy	expenditure.	COMA	set	EAR	values	for	population	
groups	 calculated	 for	 a	 wide	 range	 of	 physical	 activity	 levels	 and	 adult	 body	
weights	 which	 in	 practice	 would	 maintain	 the	 status	 quo	 in	 terms	 of	 existing	
body	weights.	 In	populations	like	the	UK,	with	a	high	and	increasing	proportion	
of	 overweight	 and	 obese	 individuals,	 application	 of	 such	 energy	 reference	
values	 would	 therefore	 maintain	 body	 weights	 in	 excess	 of	 healthy	 reference	
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body	weights.	 In	contrast,	the	FAO/WHO/UNU	reports	of	1985	and	2004	used	
a	 ‘normative’	 or	 ‘prescriptive’	 approach2	 to	 calculate	 energy	 requirements.	 That	
is,	suitable	reference	body	weight	ranges	consistent	with	long-term	good	health	
were	used	 to	calculate	energy	 reference	values.	Adoption	of	 these	prescriptive	
values	by	groups	with	body	weights	below	or	above	such	ranges	would	tend	to	
mediate	weight	change	towards	the	healthier,	more	desirable	body	weight	range	as	
opposed	to	maintaining	body	weights	which	exceed	healthy	reference	values.

In	 this	 report,	 the	 requirements	 for	 energy	 for	 all	 population	 groups,	 with	 the	S14.	
exception	of	pregnant	women,	have	been	set	at	the	level	of	energy	intake	required	
to	maintain	a	healthy	body	weight	in	otherwise	healthy	people	at	existing	levels	
of	physical	activity.	Allowances	are	made	for	any	additional	physiological	needs	
(i.e.	growth,	pregnancy	and	lactation).	Thus,	the	report	recognises	the	increasing	
prevalence	 of	 overweight	 and	 obesity	 in	 the	 current	 UK	 population,	 and	 has	
adopted	 the	 prescriptive	 terminology	 and	 principle	 (i.e.	 relating	 to	 a	 desirable	
standard	as	distinct	from	status quo)	for	body	weight,	with	physical	activity	set	at	
best	estimates	of	existing	levels.	Consequently,	energy	reference	values	defined	in	
this	report	are	derived	for	infants,	children	and	adults	in	relation	to	body	weights	
which,	 on	 the	 basis	 of	 current	 evidence,	 are	 likely	 to	 be	 consistent	 with	 long-
term	 good	 health.	 This	 means	 that	 for	 people	 who	 are	 overweight	 or	 obese,	
energy	 intakes	at	 the	 reference	 levels	 should	enable	 the	 transition	 towards	 the	
healthy	body	weight	range	(i.e.	Body	Mass	Index	(BMI)	18.5-24.9kg/m2	for	adults).	
For	pregnant	women	who	are	overweight	or	obese	a	precautionary	approach	has	
been	adopted	and	it	is	recommended	that	energy	requirements	for	this	group	are	
estimated	based	on	actual	preconceptional	body	weights.	

As	with	previous	reports,	the	importance	of	adequate	physical	activity	is	recognised	S15.	
and	this	report	includes	advice	on	desirable	physical	activity	consistent	with	long-
term	health.	The	likely	impact	of	such	advice	on	energy	requirement	values	is	also	
described.

Variability
Measurements	 of	 energy	 needs	 that	 are	 used	 to	 predict	 DRVs	 for	 a	 particular	S16.	
population	group	will,	for	a	number	of	reasons,	exhibit	variability.	

For	most	nutrients	the	population	reference	value	is	identified	as	the	Reference	S17.	
Nutrient	Intake	(RNI)3.	However,	for	dietary	energy	the	DRV	is	defined	differently	
i.e.	it	is	equal	to	the	average	reference	value	(EAR).	The	RNI	for	dietary	energy	is	
not	used	because	 it	 represents	 an	excess	energy	 intake	 for	 the	majority	of	 the	
population.	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	of	excessive	and	insufficient	energy	intakes	for	any	individual	within	
the	population.	

2	 The	terms	‘normative’	and	‘prescriptive’	can	be		used	interchangeably.

3	 The	reference	nutrient	intake	for	a	nutrient	is	the	amount	of	the	nutrient	that	is	enough,	or	more	than	enough,	
for	about	97%	of	people	in	a	group.
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In	 the	 UK	 and	 similar	 countries,	 the	 population	 is	 characterised	 by	 sedentary	S18.	
lifestyles	at	all	ages,	and	thus	rates	of	energy	expenditure	and	intakes	that	maintain	
energy	balance	at	these	levels	of	energy	expenditure	are	unlikely	to	be	normally	
distributed.	Measurements	of	energy	expenditure	within	adult	populations	indicate	
that	the	overall	distribution	is	skewed	towards	sedentary	behaviour.	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.	 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,	thus	the	median	is	
used	in	this	report.	

Evidence	that	energy	expenditure	varies	between	individuals	with	similar	lifestyles	S19.	
over	a	wider	range	than	would	be	expected	(at	least	in	adults)	presents	a	second	
difficulty	 in	 estimating	 energy	 reference	 values.	 This	 is	 particularly	 important	
since	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	resultant	energy	reference	
values	 cannot	be	made	with	 the	certainty	often	 assumed	by	users	of	previous	
reports	such	as	COMA	(DH,	1991).

Approaches used to set energy reference values
Measurement	or	prediction	of	TEE	provides	a	physiological	measure	of	the	energy	S20.	
requirement	 at	 energy	 balance.	 This	 is	 because	 in	 most	 circumstances	 energy	
intake	must	match	energy	expenditure	to	achieve	energy	balance.	Thus,	the	energy	
requirement	can	be	predicted	specifically	as	the	rate	of	TEE	plus	any	additional	
needs	for	growth,	pregnancy	and	lactation.	

Measurement of total energy expenditure
The	S21.	 doubly labelled water	 (DLW)	method	 is	 the	most	accurate	practical	means	
of	measuring	TEE	in	free-living	individuals	over	a	period	of	several	days	to	several	
weeks.	In	this	method,	the	TEE	of	individuals	is	computed	from	estimates	of	CO

2
	

production,	which	are	calculated	from	the	loss	of	the	isotopes	18O	and	2H	from	the	
body	over	time	following	administration	of	a	known	dose.	

Utilising total energy expenditure measurements to derive energy 
requirements
In	recent	years,	EAR	values	for	populations	have	been	estimated	from	DLW-derived	S22.	
measures	of	TEE	 in	reference	populations	together	with	estimates	of	deposited	
energy.	Two	potential	analytical	approaches	can	be	employed.

Predicting TEE with regression equations
TEE	 can	 be	 modelled	 against	 different	 anthropometric	 characteristics	 of	 the	S23.	
reference	population	(such	as	age	and	body	weights)	using	regression	equations	
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and	the	regression	equations	can	then	be	used	to	predict	TEE	and	resulting	EAR	
values	for	any	population	group	based	on	their	anthropometric	variables.	A	major	
limitation	 to	 this	 approach	 has	 been	 the	 inability	 of	 TEE	 prediction	 models	 to	
account	for	variation	in	Physical	Activity	Energy	Expenditure	(PAEE),	both	between-
individual	 and	 between-group),	 an	 important	 source	 of	 variation	 in	 TEE,	 in	 a	
transparent	way.

Previous	 reports	 which	 have	 used	 regression	 models	 of	 TEE	 to	 predict	 energy	S24.	
requirements,	 the	 FAO/WHO/UNU	 report	 (FAO,	 2004)4	 and	 the	 US	 report	
on	 Dietary	 Reference	 Intake	 values	 for	 energy	 (IoM,	 2005)	 have	 made	 special	
provision	for	the	likely	variation	in	PAEE	within	the	population	group	described	by	
the	regression.	

Predicting TEE from BMR and measured PAL values – the factorial 
approach
The	second	analytical	approach	to	the	derivation	of	energy	requirements	employs	S25.	
a	factorial	approach5	based	on	the	assumption	that	TEE	(or	EAR)	is	equal	to	BMR	x	
PAL.	This	involves	the	following	steps:

TEE	 values	 measured	 in	 a	 reference	 population	 are	 divided	 by	 measured	 or		•
estimated	BMR	values	from	that	population	to	extract	PAL	values.	This	means	
that	the	reference	populations	studied	by	DLW	are	described	primarily	by	PAL	
values.	

For	 the	 population	 of	 interest,	 BMR	 values	 are	 then	 estimated	 from	 BMR		•
prediction	equations	using	relevant	anthropometric	data	for	the	population.

The	 PAL	 values	 derived	 from	 the	 reference	 population	 can	 then	 be	 used	 to		•
estimate	TEE	and	EAR	values	for	the	population	of	interest	based	on	the	latter’s	
estimated	BMR	values.	

When	utilising	this	factorial	approach,	suitable	PAL	values	appropriate	for	specific	S26.	
groups	and	populations	should	be	identified	from	measurements	of	DLW-derived	
TEE	obtained	from	large	population	studies	which	are	representative	of	the	current	
UK	population	and	which	can	be	assumed	to	exhibit	similar	activity	patterns.	Once	
suitable	PAL	values	have	been	established,	their	distribution	can	be	evaluated	for	
the	population	as	a	whole	in	order	to	identify	the	medians	and	centile	ranges.	This	
approach	allows	energy	reference	values	to	be	framed	against	such	distributions,	
in	effect	substituting	PAL	distributions	for	PAL	values	defined	in	terms	of	lifestyle.	
Thus	energy	reference	values	can	be	defined	as	a	population	EAR	(i.e.	 from	the	
median	PAL	value)	with	additional	values	appropriate	to	those	who	are	more	or	
less	active	than	the	average	(i.e.	from	the	25th	and	75th	centiles).

4	 Regression	equations	were	used	to	derive	energy	requirements	for	infants,	children	and	adolescents.	The	energy	
requirements	of	adults	were	calculated	from	factorial	estimates	of	habitual	TEE.

5	 This	approach	has	also	been	referred	to	as	the	BMR	multiple	approach	and	the	PAL	model.
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Summary of approach used by SACN to determine 
revised energy reference values
The	SACN	Framework	for	the	Evaluation	of	Evidence	has	been	used	as	the	basis	S27.	
to	identify	and	assess	published	evidence	of	TEE	from	which	to	guide	derivation	
of	energy	reference	values.	Only	studies	using	the	DLW	method	to	measure	TEE	
were	considered.	No	large-scale	population	studies	of	any	age	group	have	been	
conducted	to	determine	TEE	in	the	UK	population,	and	TEE	data	from	the	NDNS	
series	 are	 as	 yet	 insufficient	 for	 the	 determination	 of	 energy	 reference	 values.	
Other	data	sources	(reference	populations)	have	therefore	been	used	to	derive	the	
revised	EAR	values.	Priority	was	given	to	studies	in	well-characterised	populations	
(e.g.	by	age,	gender,	weight,	height	or	BMI)	and	where	BMR	had	been	measured	
directly	rather	than	estimated	from	prediction	equations.	The	majority	of	studies	
identified	were	cross-sectional	studies	 in	healthy	human	populations	of	 infants,	
children	and	adults.	Those	identified	as	being	the	most	likely	to	be	representative	
of	the	UK	population	were	as	follows:

For	infants,	a	longitudinal	study	of	healthy	American	infants	comprising	similar		•
numbers	of	breast	fed	and	breast	milk	substitute-fed	infants	(n=76	individuals).

For	children	and	adolescents,	a	compilation	of	all	identified	mean	study	values		•
for	specific	ages	for	boys	and	girls	(n=170)	representing	a	total	of	approximately	
3500	individual	measurements.

For	adults,	two	large	data	sets	of	individual	TEE	values	(n=929)	were	obtained		•
from	the	USA,	the	OPEN	and	Beltsville	studies.	

For	older	adults,	no	specific	representative	data	set	has	been	identified.	•

The	limitations	of	these	data	sets	(reference	populations)	for	deriving	estimated	S28.	
EARs	for	the	UK	population	include	the	small	numbers	of	participants	in	the	infant	
and	at	some	ages	in	the	child	cohorts	and	the	lack	of	younger	adults	aged	18-30	
years	and	older	adults	aged	>80	years	in	the	larger	adult	data	set.

For	adults	aged	 19-65	years	and	children	aged	between	3-18	years,	 the	different	S29.	
approaches	 to	 setting	 EARs,	 namely	 regression	 modelling	 and	 the	 factorial	
approach,	were	examined.	Regression	modelling	was	explored,	but	the	approach	
was	not	pursued	because	the	 inability	of	TEE	prediction	models	to	account	for	
variation	in	PAEE	in	a	transparent	way	was	considered	a	major	limitation.	A	factorial	
model	was	therefore	adopted	in	which	TEE	is	predicted	from	BMR	x	PAL,	following	
the	steps	outlined	in	paragraph	S25.

Prescriptive energy reference values for healthy body weights
The	increasing	prevalence	of	overweight	and	obesity	at	all	ages	in	the	population	S30.	
raises	a	clear	difficulty	in	the	definition	of	energy	reference	values	for	population	
groups.	Such	values,	calculated	to	match	TEE,	will,	 for	many	of	 the	population,	
maintain	 overweight	 and	 will	 therefore	 not	 be	 consistent	 with	 long-term	 good	
health.	Even	for	subjects	exhibiting	desirable	physical	activity,	excess	body	weight	
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may	be	associated	with	increased	risk	of	mortality.	Given	this	report’s	objective	of	
defining	prescriptive	reference	values,	healthy	reference	body	weights	have	been	
identified	and	applied.		

Factorial approach to setting EARs
As	described	above	 (paragraphs	S11	 and	S12),	 in	 contrast	 to	 the	 approach	 taken	S31.	
by	COMA	in	 1991	 (DH,	 1991),	 the	summation	of	the	duration	and	energy	cost	of	
individual	 activities	 to	 derive	 estimates	 of	 PAL	 has	 not	 be	 used	 here.	 Instead,	
the	distribution	of	PAL	values	within	the	reference	population	has	been	used	to	
indicate	a	population	average	value	(median)	for	PAL	as	well	as	the	extent	to	which	
it	is	lower	(25th	centile)	or	higher	(75th	centile)	for	less	or	more	active	population	
groups.	 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	
data	sets.	For	children	over	one	year	of	age,	the	PAL	values	are	those	calculated	
directly	from	a	data	set	of	published	DLW	studies	which	were	aggregated	on	the	
basis	of	study	mean	values.	Estimates	of	the	likely	increase	in	PAL	associated	with	
varying	increases	in	activity	level	are	also	given.	Due	to	a	lack	of	substantial	new	
data,	the	reference	values	stated	in	the	FAO/WHO/UNU	report	(FAO,	2004)	were	
used	for	infants.	Pregnant	and	lactating	women	were	considered	separately.	

In	this	report,	BMR	for	children	and	adults	is	estimated	using	the	Henry	equations	S32.	
applying	healthy	body	weights	as	 indicated	by	the	50th	centile	of	 the	UK-WHO	
Growth	Standards	(ages	1–4	years),	the	50th	centile	of	the	UK	1990	reference	for	
children	and	adolescents	aged	>4	years,	 and	at	weights	equivalent	 to	a	BMI	of	
22.5kg/m2	at	the	appropriate	height	of	the	adult	population	group	(see	paragraph	
S36).

COMA	 reported	 EAR	 values	 for	 a	 range	 of	 body	 weights	 and	 PAL	 values	 for	S33.	
adolescents	 and	adults	 (DH,	 1991).	However,	 the	most	widely	cited	values	 from	
that	 report	 are	 aggregated	 EAR	 values	 for	 these	 groups	 which	 were	 based	 on	
low	PAL	values	thought	to	be	 in	keeping	with	the	sedentary	 lifestyle	of	the	UK	
population:	i.e.	1.56	for	boys,	1.48	for	girls	and	1.4	for	adults.	An	analysis	of	the	range	
and	distribution	of	PAL	values	shows	that	COMA	is	likely	to	have	underestimated	
the	PAL	values	of	general	sedentary	populations	because	of	an	under-appreciation	
of	the	influence	of	routine	activities	of	daily	living	on	energy	expenditure.	Values	
used	 by	 COMA	 are	 lower	 than	 those	 observed	 for	 90%	 of	 the	 subjects	 in	 the	
reference	adolescent	and	adult	populations	examined	for	this	report.	Thus,	median	
PAL	values	 identified	 for	adolescents	and	adults	 in	 this	new	report	are	 1.75	and	
1.63	respectively,	with	1.63	representing	the	median	PAL	value	of	a	reference	adult	
population	in	which,	like	the	UK,	approximately	60%	are	overweight	or	obese.
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Energy reference values for infants, children and 
adolescents

Energy cost of growth
TEE	 measured	 using	 the	 DLW	 method	 includes	 the	 energy	 expended	 in	 tissue	S34.	
synthesis.	 Therefore,	 only	 the	 cost	 of	 energy	 deposited	 in	 newly	 synthesised	
tissues	should	be	added	when	calculating	the	energy	reference	values	for	infants,	
children	and	adolescents.

Infants aged 0 – 12 months
Following	the	approach	of	the	FAO/WHO/UNU	Expert	Consultation	(FAO,	2004),	S35.	
the	energy	reference	values	for	infants	are	calculated	from	the	energy	deposited	
in	new	tissue	plus	TEE.	TEE	was	predicted	from	a	simple	equation	expressing	TEE	as	
a	function	of	weight	which	was	derived	from	a	longitudinal	study	in	which	TEE	was	
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	UK-WHO	Growth	Standard	(Royal	College	of	Paediatrics	and	Child	Health	
[RCPCH],	2011).	Costs	of	tissue	deposition	were	calculated	from	an	analysis	of	the	
body	composition	of	a	population	of	healthy	US	 infants	during	normal	growth.	
They	were	then	applied	to	weight	increments	observed	in	the	WHO	Multicentre	
Growth	Reference	Study.	See	Tables	5	and	14	for	revised	EAR	values	of	infants	1-12	
months	(pages	51	and	83).	

Children and adolescents aged 1 – 18 years
The	energy	reference	values	for	boys	and	girls	aged	1-18	years	were	calculated	as	S36.	
TEE	plus	deposited	energy	costs	using	a	factorial	model	BMR	x	PAL.	The	energy	
value	of	tissue	deposited	was	assumed	to	be	equivalent	to	a	1%	increase	in	PAL.	The	
population	EAR	values	are	calculated	at	median	PAL	values6	for	best	estimates	of	
healthy	body	weights	i.e.	the	50th	centiles	of	the	UK-WHO	Growth	Standards	(ages	
1–4	years)	and	 the	UK	 1990	 reference	 for	children	and	adolescents	 for	children	
aged	over	 four	years	of	age.	These	reference	weights	are	about	 15%	 lower	than	
current	UK	weights	and	thus	for	those	children	who	are	overweight	and	for	any	
underweight	children,	energy	intakes	at	these	levels	will	be	associated	with	weight	
change.

EAR	values	have	also	been	calculated	for	 less	active	or	more	active	children	by	S37.	
the	25th	and	75th	centile	PAL	values.	See	Tables	8	and	15	for	revised	EAR	values	for	
children	aged	1–18	years	old	(pages	56	and	84).	

Energy reference values for adults
Energy	reference	values	for	adults	were	derived	by	the	factorial	calculation	of	TEE	S38.	
from	BMR	x	PAL.	BMR	values	are	calculated	using	the	Henry	equations	at	weights	
equivalent	to	a	BMI	of	22.5kg/m2,	which	can	be	considered	to	be	a	healthy	body	

6	 where	median	PAL	=1.4	for	children	aged	1-<3		years,	1.58	for	children	aged	3-<10	years,	and	1.75	for	children	aged	
10–18	years.
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weight7,	and	at	the	relevant	height	of	the	population.	For	illustration,	current	mean	
heights	 are	 used	 for	 England	 and	 Scotland;	 representative	 data	 for	 Wales	 and	
Northern	Ireland	were	not	available.	PAL	values	were	identified	from	an	analysis	of	
suitable	DLW	measures	of	TEE.

Identifying PAL values
The	approach	taken	to	determine	PAL	values	was	to	identify	a	data	set	of	DLW	S39.	
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	
estimated.

An	 initial	 survey	 of	 all	 published	 and	 other	 available	 DLW	 measures	 of	 TEE	 in	S40.	
healthy	 adults	 identified	 published	 studies	 which	 could	 be	 utilised	 in	 terms	 of	
study	means.	Two	sets	of	individual	data	points	were	also	considered:

a	DLW	data	set	of	individual	values	drawn	from	UK	national	dietary	surveys	(the		•
NDNS	(n=156)	and	Low	Income	Diet	and	Nutrition	Survey	(n=36)).

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

With	 the	 exception	 of	 the	 NDNS	 data	 sets,	 subjects	 were	 not	 recruited	 to	S41.	
these	studies	explicitly	as	a	representative	sample	of	the	UK	or	any	other	adult	
population;	NDNS	randomly	selects	participants	while	recognising	that	there	may	
be	some	recruitment	bias.	In	contrast,	the	DLW	data	assembled	for	the	DRI	report	
“were	not	obtained	 in	 randomly	selected	 individuals	 ...	and	do	not	constitute	a	
representative	sample	of	 the	United	States	and	Canada.”	While	 the	NDNS	data	
sets	are	most	appropriate,	these	are	currently	too	small	to	serve	as	a	reference.

Since	publication	of	the	DRI	report	in	2005,	two	large	population-based	studies	S42.	
from	the	United	States,	the	OPEN	study	(n=451)	and	the	Beltsville	study	(n=478)	
have	been	published,	in	which	TEE	was	measured	using	DLW.		The	combined	OPEN	
and	Beltsville	cohorts	contained	similar	number	of	men	(48%)	and	women	(52%),	
with	 levels	of	overweight	and	obesity	very	similar	 to	current	 levels	 reported	 in	
the	Health	Surveys	for	England	and	Scotland.	Mean	BMI	values	were	27.0	kg/m2	
(F),	27.5	kg/m2	(M)	compared	with	current	UK	values	of	27	kg/m2	(F	and	M);	39%	
were	 classified	 as	 overweight	 and	 25%	 obese,	 compared	 with	 38%	 overweight	
and	23%	obese	 in	England.	Demographic	characteristics	were	also	similar	to	the	
current	UK	population,	although	some	ethnic	differences	may	exist.	The	combined	
OPEN/Beltsville	data	set	has	been	used	as	the	reference	population	in	this	report	
from	which	a	median	PAL	value	has	been	identified.	Revised	EARs	for	the	UK	adult	
population	have	then	been	derived	employing	the	factorial	approach	of	BMR	x	
PAL	=	TEE,	in	which	PAL	is	that	derived	from	the	reference	population	and	BMR	is	
calculated	from	the	Henry	equations	at	healthy	body	weights	equivalent	to	a	BMI	
of	22.5kg/m2	at	the	height	of	the	population	group	(see	paragraph	S30	above).

7	 A	body	weight	equivalent	to	a	BMI	of	22.5kg/m2	is	at	the	lower	end	of	the	body	weight	range	(BMI	22.5-25kg/
m2)	associated	with	a	minimum	risk	of	mortality	(based	on	a	collaborative	analysis	of	the	influence	of	BMI	on	all-
cause	mortality	in	57	prospective	studies,	n=900,000)	and	can	be	considered	to	represent	a	healthy	body	weight.
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The	 distribution	 of	 PAL	 values	 within	 the	 combined	 data	 set	 (n=929	 individual	S43.	
measures)	was	1.01	to	2.61.	In	healthy,	mobile	individuals,	the	overall	range	of	PAL	
values	 is	 normally	 between	 1.38	 and	 2.5;	 PAL	 values	 can	 fall	 as	 low	 as	 1.27	 and	
may	exceed	2.5,	but	such	low	and	high	values	are	not	thought	to	be	sustainable.	
The	combined	data	set	was	therefore	trimmed	for	PAL	values	<1.27	or	>2.5.	After	
trimming,	the	median	PAL	value	used	to	predict	the	population	EAR	was	1.63.	The	
25th	and	75th	centile	PAL	values	used	to	estimate	energy	reference	values	for	groups	
judged	to	be	less	or	more	active	than	average	were	1.49	and	1.78	respectively.	The	
report	also	provides	estimates	of	the	probable	additional	energy	needs,	defined	
as	increases	in	PAL,	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	derivation	of	EAR	values	using	PAL	values	from	a	predominately	overweight	S44.	
and	 obese	 population	 was	 carefully	 considered	 given	 the	 report’s	 objective	 of	
identifying	 prescriptive	 EAR	 values	 consistent	 with	 long-term	 good	 health	 i.e.	
values	suitable	for	weight	maintenance	at	a	healthy	body	weight	at	existing	levels	
of	physical	activity.	For	those	subjects	within	the	normal	body	weight	range,	the	
median	PAL	(1.61)	was	not	significantly	different	from	that	of	the	overweight	and	
obese	men	or	women.	Furthermore,	investigation	of	the	influence	of	BMI	on	PAL	
values	within	the	combined	data	set	by	regression	analysis	indicated	that	PAL	did	
not	significantly	vary	with	BMI.	This	indicates	that	the	level	of	energy	expenditure	as	
indicated	by	the	median	PAL	for	the	cohort	(i.e.	1.63)	is	not	a	specific	characteristic	
of	overweight	or	obesity	and	its	use	in	deriving	prescriptive	EAR	values	consistent	
with	healthy	body	weights	is	justifiable.

The	revised	population	EAR	values	for	all	adults,	calculated	using	a	PAL	value	of	S45.	
1.63	and	BMR	values	calculated	at	weights	equivalent	 to	a	BMI	of	22.5kg/m2	at	
current	mean	heights	 for	age,	are	 10.9	MJ/d	 (2605kcal/d)	 for	men	and	8.7	MJ/d	
(2079kcal/d)	for	women.	See	Tables	11,	12	and	16	for	revised	EAR	values	for	adults	
(pages	61,	61	and	85).	

Energy reference values for older adults
Age-related	 changes	 in	 lifestyle	 and	 activity	 are	 very	 variable	 and	 many	 older	S46.	
people	exhibit	 relatively	high	 levels	of	activity.	For	healthy,	mobile	older	adults	
energy	requirements	are	unlikely	to	differ	substantially	from	younger	adults	and	
reference	values	can	be	described	in	the	same	way.	However,	for	those	individuals	
with	much	reduced	mobility	 it	can	be	assumed	that	PAL	values	are	 likely	 to	be	
lower.	 For	 these	 individuals	 and	 for	 older	 people	 who	 are	 not	 in	 good	 general	
health,	energy	requirements	can	be	based	on	the	less	active,	25th	centile	PAL	value	
of	1.49,	recognising	that	for	some	groups	of	older	people	with	specific	diseases	or	
disabilities	or	for	patient	groups	who	are	bed-bound	or	wheelchair	bound,	the	PAL	
value	may	be	consistently	lower	than	this.
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Effects of additional physical activity on energy requirements
Although	the	prediction	of	PAL	values	associated	with	a	specific	lifestyle	cannot	S47.	
be	made	with	 any	certainty,	 predictions	of	 the	 likely	 additional	 energy	 cost	of	
well-defined	specific	activities	can	be	made	with	reasonable	confidence.	Examples	
are	given	for	increments	in	PAL	associated	with	increased	activities	ranging	from	
0.15	 for	 30	 minutes	 of	 moderate	 intensity	 activity	 on	 five	 or	 more	 days	 of	 the	
week,	to	0.6	for	an	intense	aerobic	exercise	programme	associated	with	training	
for	competitive	sport	daily.	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.

Reference energy values during pregnancy and lactation
The	energy	requirements	for	pregnancy	and	lactation	are	calculated	as	increments	S48.	
to	 be	 added	 to	 the	 mother’s	 EAR.	 These	 are	 based	 on	 singleton	 pregnancies	
reaching	term.	

Ideally,	women	should	begin	pregnancy	at	a	healthy	weight	(BMI	18.5-24.9	kg/mS49.	 2)	
and	the	EARs	for	non-pregnant	women	identified	in	this	report	are	set	at	amounts	
consistent	with	maintaining	a	BMI	of	22.5kg/m2.		Women	who	are	underweight	or	
overweight	at	the	beginning	of	pregnancy	are	at	risk	of	poor	maternal	and	fetal	
outcomes.	Women	who	are	underweight	benefit	from	greater	weight	gain	during	
pregnancy.	For	women	who	are	overweight	and	obese,	the	consequences	of	weight	
change	during	pregnancy	are	not	completely	understood.	Given	this	uncertainty,	
a	 precautionary	 approach	 has	 been	 adopted	 and	 weight	 loss	 during	 pregnancy	
is	not	advised.	The	EARs	 for	pregnancy	and	 lactation	defined	 in	 this	 report	are	
therefore	estimates	of	the	incremental	energy	intakes	likely	to	be	associated	with	
healthy	 outcomes	 for	 mother	 and	 child,	 for	 women	 consuming	 energy	 intakes	
which	 match	 energy	 expenditure	 at	 the	 commencement	 of	 pregnancy.	 That	 is,	
for	women	who	are	overweight	the	incremental	energy	intakes	should	be	added	
to	EAR	values	calculated	at	preconceptional	body	weights,	rather	than	at	healthy	
body	weights	for	non-pregnant	women.	

Energy reference values for pregnancy
Energy	reference	values	for	pregnancy	estimated	by	the	factorial	method	in	previous	S50.	
reports	such	as	the	FAO/WHO/UNU	(FAO,	2004)	and	US	DRI	(IoM,	2005)	reports	
exceed	energy	intakes	observed	in	well-nourished	populations	with	average	birth	
weight	in	the	healthy	range.	Adherence	to	these	energy	reference	values	may	lead	
to	 inappropriate	 maternal	 fat	 gain,	 some	 of	 which	 may	 remain	 after	 lactation.	
Consequently,	 it	was	not	 considered	necessary	 to	 amend	 the	 increment	of	0.8	
MJ/day	 (191kcal/day)	 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.

Energy reference values for lactation
Factorial	calculation	suggests	 that	women	with	a	healthy	pre-pregnancy	weight	S51.	
(BMI	 18.5-24.9	 kg/m2)	 who	 exclusively	 breastfeed	 their	 infants	 throughout	 the	
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first	 six	 months	 require	 an	 increment	 of	 2.1	 MJ/day	 (502kcal/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	overestimate	
the	true	synthetic	cost.	This	could	explain	why	the	factorial	estimate	is	appreciably	
greater	than	that	measured	in	DLW	experiments.	It	is	recommended	that	the	US	
Energy	DRIs	(IoM,	2005)	(based	on	DLW	measurements)	of	1.38	MJ	/day	(330	kcal/
day)	in	the	first	six	months	of	lactation	are	applied.	Thereafter,	the	energy	intake	
required	to	support	breastfeeding	will	be	modified	by	maternal	body	composition	
and	the	breast	milk	intake	of	the	infant.

Comparisons with reference values for energy in the 
COMA 1991 report
The	energy	 reference	values	detailed	 in	 this	 report	derive	 from	a	methodology	S52.	
which	differs	to	a	greater	or	lesser	extent	from	COMA,	the	US	DRI	report,	and	the	
FAO/WHO/UNU.	As	 a	 result	of	 these	methodological	differences,	 the	 revised	
EAR	values	differ	from	COMA	in	a	non-uniform	way.	For	pre-adolescent	children	
(aged	3	months	to	10	years)	the	revised	EAR	values	are	lower	by	between	2-22%.	
However,	the	revised	EAR	values	are	generally	higher	for	adolescent	boys	(by	6-9%)	
and	girls	(by	15-18%).	For	adults,	including	older	adults	in	whom	general	health	and	
mobility	are	maintained,	the	new	population	EAR	values	for	all	men	and	women	are	
higher	by	3%	for	men	and	by	7-9%	for	women	due	to	the	combined	use	of	higher	
PAL	values	with	lower	BMI	and	BMR	values.	See	Tables	38	and	39	for	details.	

Although	for	some	population	groups	the	revised	population	EAR	values	are	higher	S53.	
than	previous	estimates,	this	should	not	be	interpreted	to	mean	that	these	groups	
have	increased	their	activity	and	therefore	need	to	eat	more,	but	rather	that	the	
new	values	represent	a	closer	approximation	of	energy	needs	at	current	activity	
levels,	estimated	using	updated	methodology.

The	revised	EARs	for	dietary	energy	can	be	found	in	Tables	5	and	14	for	 infants,	S54.	
Tables	8	and	15	for	children	aged	1-	18	years	old,	and	Tables	11,	12	and	16	for	adults.

Gaps	in	the	evidence	base	and	consequent	recommendations	for	future	research	S55.	
are	detailed	in	paragraphs	203-206.



24

2	 Introduction

Background
Dietary	Reference	Values	 (DRVs)	 for	 food	energy	describe	 the	 requirements	 for	1.	
food	 energy	 of	 population	 groups,	 and	 provide	 criteria	 against	 which	 to	 judge	
the	adequacy	of	the	food	energy	intake	for	the	UK	population	and	its	subgroups	
(Department	of	Health	[DH],	1991).	These	DRVs	apply	to	groups	of	healthy	people	
and	 are	 not	 appropriate	 for	 the	 definition	 of	 requirements	 for	 individuals.	 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	2.	
(EAR)8.	They	are	used	for	various	purposes	which	include	informing	the	provision	
of	food	in	clinical	and	institutional	settings.	In	adults,	the	EAR	for	energy	has	been	
set	at	the	level	of	energy	intake	required	to	maintain	body	weight	i.e.	an	energy	
intake	 which	 matches	 energy	 expenditure.	 During	 infancy	 and	 childhood,	 the	
requirement	 also	has	 to	meet	 the	needs	 for	healthy	 growth	 and	development,	
while	 during	 pregnancy	 and	 lactation	 the	 requirement	 must	 meet	 the	 needs	
for	 carrying	 a	 healthy	 baby	 and	 supporting	 adequate	 lactation.	 Any	 sustained	
imbalance	between	energy	intake	and	expenditure	will	lead	to	progressive	gain	or	
loss	in	body	weight.

The	National	Diet	and	Nutrition	Survey	(NDNS)3.	 9	series10	shows	average	reported	
energy	intakes	to	be	consistently	below	the	level	indicated	by	the	EAR	for	food	
energy	defined	in	the	1991	report	of	the	Committee	on	Medical	Aspects	of	Food	
and	Nutrition	Policy	(COMA)	(DH,	1991).	However,	these,	and	other	surveys	of	the	
UK	population	(The	NHS	Information	Centre	[NHS	IC],	2010;	Reilly et al.,	2009),	
also	show	that	the	mean	Body	Mass	Index	(BMI)	and	number	of	people	classified	
as	overweight	or	obese11	is	increasing.	The	latter	data	indicate	that	average	habitual	
energy	intake	does,	in	fact,	exceed	energy	needs.	

One	explanation	for	this	apparent	paradox	is	that	reported	intakes	of	food	energy	4.	
assessed	in	the	NDNS	may	be	lower	than	intakes	actually	consumed	(Stephen	et 
al,	2007;	Poppitt	et al.,	1998).	Under-reporting	of	food	intake,	which	is	significant	
and	 particularly	 pronounced	 in	 people	 who	 are	 overweight	 and	 obese	 (Rennie 
et al.,	 2007;	 Westerterp	 &	 Goris.,	 2002),	 largely	 accounts	 for	 the	 apparent	 low	
energy	intakes	observed	in	NDNS	and	other	dietary	surveys.

8	 The	Estimated	Average	Requirement	(EAR)	is	an	estimate	of	the	average	requirement	for	energy	or	a	nutrient	and	
assumes	normal	distribution	of	variability.	

9	 The	National	Diet	and	Nutrition	Survey	(NDNS)	is	a	UK	survey	of	the	food	consumption,	nutrient	intakes	and	
nutritional	status	of	people	aged	1.5	years	and	older	living	in	private	households.	The	NDNS	rolling	programme	
is	currently	collecting	data	from	2008-2012.	Previously	it	was	a	series	of	discrete	cross-sectional	studies.

10	 See	publications	by	Finch	et	al.,	1998;	Gregory	et	al.,	1990;	Gregory	et al.,	1995;	Gregory	et	al.,	2000;	Henderson	
et al.,	2002;	Henderson	et al.,	2003a;	Henderson	et	al.,	2003b;	Hoare	et al.,	2004;	Nelson	et al.,	2007;	Ruston	et 
al.,	2004;	.

11	 Body	Mass	Index	(BMI)	(kg/m²)	is	often	used	as	a	convenient	measure	of	adiposity.	In	adults,	cut-off	points	
for	underweight,	overweight	and	obesity	are	defined	as	BMI	values	of	<18.5	kg/m2,	>25	kg/m2	and	>30	kg/m2	
respectively.
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Another	possible	explanation	for	the	apparent	paradox	is	that	the	EAR	for	food	5.	
energy	which	has	been	used	to	evaluate	measured	energy	intakes	in	the	UK	is,	in	
fact,	set	at	too	high	a	value.

The	EARs	for	food	energy	published	by	COMA	(DH,	1991)	were	based	on	limited	6.	
available	evidence	at	that	time.	More	recent	observations	on	the	energy	expenditure	
in	a	wide	variety	of	population	groups	together	with	the	publication	of	the	Food	
and	Agriculture	Organization	of	the	United	Nations,	World	Health	Organization,	
and	United	Nations	University	(FAO/WHO/UNU)	updated	recommendations	for	
energy	intake	from	the	expert	consultation	on	Human	Energy	Requirements	(FAO,	
2004)	indicate	that	the	EAR	values	proposed	by	COMA	are	unlikely	to	be	too	high,	
at	least	for	some	groups.	

Even	 relatively	 sedentary	 populations	 are	 now	 thought	 to	 exhibit	 higher	 rates	7.	
of	energy	expenditure	than	previously	estimated	(Black,	 1996;	Black et al.,	 1996).	
Consequently,	 the	 revised	 energy	 reference	 values	 published	 by	 FAO/WHO/
UNU	in	2004	differ	from	those	set	by	COMA	in	1991,	being	generally	higher.	For	
these	 reasons,	 it	 was	 timely	 to	 review	 the	 evidence	 and	 the	 Food	 Standards	
Agency	 (FSA)	 and	 the	 Department	 of	 Health	 therefore	 requested	 the	 Scientific	
Advisory	Committee	on	Nutrition	(SACN)	to	re-evaluate	the	DRVs	for	food	energy.	
Subsequent	to	this,	the	US	Institute	of	Medicine	(IoM)	published	revised	Dietary	
Reference	Intakes	(DRIs)	for	energy	(IoM,	2005).

Terms of reference
The	Terms	of	Reference	for	the	Energy	Requirements	Working	Group	were	to:8.	

Review	 and	 agree	 on	 the	 interpretation	 of	 the	 methods,	 definitions	 and		•
assumptions	used	by	COMA	(DH,	1991)	and	FAO/WHO/UNU	expert	consultation	
on	Human	Energy	Requirements	(FAO,	2004)	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	nutrients12.

Report content
The	report	considers:	9.	

energy	available	from	food	and	drink;	•

components	of	and	factors	affecting	total	energy	expenditure	(TEE);	•

the	measurement	and	prediction	of	TEE;	•

12	 	In	most	cases,	energy	intake	has	increased	and	therefore	it	was	felt	that	there	was	no	need	to	undertake	this.
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TEE	in	representative	populations	of	children	and	adults;	and	•

energy	requirements	for	the	UK	population	in	health.		•

	 Physical	activity	and	energy	balance,	and	the	nature	and	extent	of	obesity	in	the	
UK	population,	are	also	covered.

Methodology
The	 working	 procedures	 for	 the	 preparation	 and	 finalisation	 of	 the	 report	 are	10.	
described	in	Appendix	1.

Units of energy
The	unit	of	energy	in	the	International	System	of	Units	(SI)	is	the	joule	(J)	and	is	the	11.	
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.	The	units	 normally	 used	 to	express	 energy	 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).

Energy available from food and drink
Ingested	food	and	drink	contains	chemical	energy	in	the	form	of	carbohydrate,	fat,	12.	
protein,	and	alcohol.	The	maximum	amount	of	energy	potentially	available	from	
a	food	by	an	organism	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	 from	 food	 is	 available	 for	human	metabolism	because	of	 losses	
during	food	utilisation.

Available	energy	is	defined	as	metabolisable	energy	(ME)	and	the	ME	value	of	a	13.	
food	or	diet	can	be	measured	as	 the	difference	between	energy	 intake	and	all	
losses	(mainly	in	faeces	and	urine	and	a	small	amount	in	sweat).	Energy	losses	in	
faeces	 largely	 represent	 incomplete	 digestion,	 while	 energy	 losses	 in	 urine	 and	
sweat	 are	 due	 primarily	 to	 the	 urea	 content	 which	 represents	 the	 incomplete	
catabolism	of	protein.	

The	ME	content	is	the	value	quoted	as	the	energy	content	of	foods	on	food	labels	14.	
and	in	the	UK	food	composition	tables	(FSA,	2002).	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	(called	the	Atwater	factors)	are	estimates	of	the	
energy	content	of	each	macronutrient	and	alcohol	and	have	been	 rounded	 for	
practical	purposes.	Alternatively,	UK	food	composition	tables	of	the	ME	content	
of	a	wide	variety	of	commonly	consumed	foods	can	be	used;	these	are	based	on	
analytical	data.		More	detail	on	the	energy	yielded	from	different	nutrients	can	be	
found	in	Appendix	2.



27

Table 1 Metabolisable energy (ME) conversion factors for nutrients and alcohola

ME factors
kJ/g kcal/g

Fat 37 9.0
Carbohydrate
 Available carbohydrate expressed as monosaccharide 16 3.8
 Fermentable non-starch polysaccharides 8 1.9
Organic acids 13 3.1
Polyols 10 2.4
Protein 17 4.0
Alcohol 29 6.9

a	Food	Standards	Agency,	2002

Some	ME	utilisation	results	in	energy	lost	as	heat	i.e.	the	thermic	effect	of	food	15.	
(TEF)	 (Schutz et al.,	 1984)	 (see	 paragraph	 31).	 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	
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	metabolisable	energy	(NME)	
(FAO,	2003).	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.

The	human	body	is	able	to	capture	some	of	the	chemical	energy	from	food	through	16.	
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.	It	
is	regenerated	from	adenosine	diphosphate	(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.	

FAO/WHO/UNU	reviewed	the	case	for	the	use	of	NME	 in	place	of	ME	values	17.	
(FAO,	 2003).	 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	FAO/WHO/UNU	recommendation	(FAO,	2004)	is	
endorsed	by	this	report.
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Components of energy expenditure
The	total	energy	expenditure	(TEE)	of	an	individual	can	be	divided	into	a	number	of	18.	
discrete	components,	which	can	be	determined	separately.	These	are	daily	energy	
expended	at	 rest,	 the	basal metabolic rate	 (BMR),	 energy	expended	 in	physical	
activity,	and	other	components	such	as	thermogenesis	resulting	mainly	from	food	
intake,	and	growth.	These	components,	and	their	variation	as	a	function	of	body	
size	and	composition,	and	other	factors	are	described	in	detail	in	Appendix	3	and	
are	briefly	summarised	here.	

Basal and resting metabolism
The	 basal	 metabolic	 rate	 (BMR)	 is	 a	 standardised	 measure	 of	 an	 individual’s	19.	
metabolism	in	a	basal	state:	 i.e.	while	awake	and	resting	after	all	food	has	been	
digested	 and	 absorbed,	 in	 a	 thermoneutral	 environment.	 BMR	 represents	 the	
metabolic	activity	of	cells	and	tissues	and	the	physiological	 functions	essential	
for	life.	For	most	individuals,	BMR	is	the	largest	component	of	energy	expenditure	
and	requirements,	ranging	from	40	to	70%	depending	on	age	and	lifestyle.	BMR	
can	be	estimated	from	body	size,	age	and	gender;	suitable	equations	are	discussed	
in	Appendix	4.

Physical activity
Physical	 activity	 includes	 a	 wide	 range	 of	 behaviour	 and	 encompasses	 sitting,	20.	
standing,	walking,	 planned	exercise,	 and	 so	on	 (Wareham	&	Rennie,	 1998).	 Thus	
exercise,	as	planned	and	structured	physical	activity,	is	a	subset	of	physical	activity	
that	may	have	an	objective	of	maintaining	or	 improving	physical	fitness	and/or	
health.	 The	 degree	 of	 physical	 fitness	 of	 an	 individual	 can	 be	 measured	 with	
specific	 tests	 (Caspersen et al.,	 1985).	Other	subsets	of	physical	activity	 include	
spontaneous	physical	activity	(SPA),	a	term	used	to	describe	all	body	movements	
associated	with	activities	of	daily	living,	change	of	posture	and	‘fidgeting’	(Ravussin 
et al.,	1986).

Physical	 activity-related	 energy	 expenditure	 (PAEE)	 is	 quantitatively	 the	 most	21.	
variable	component	of	TEE	usually	accounting	for	25-50%	of	energy	expenditure	
and	in	some	unusual	circumstances	up	to	a	maximum	of	75%	(Westerterp,	1998).	
PAEE	can	have	an	impact	on	the	metabolic	rate	beyond	the	period	of	a	specific	
exercise	for	a	few	hours	or	even	longer;	this	is	described	as	excess	post-exercise	
oxygen	consumption	(EPOC).	

The	energy	costs	of	different	physical	activities	can	be	expressed	as	multiples	of	22.	
BMR,	called	physical	activity	ratios	(PAR),	to	account	for	differences	in	body	size.	
Thus,	PAR	is	used	for	discreet	time	periods	of	several	hours	or	less.	The	physical	
activity	 level	 (PAL)	over	24	hours	 is	used	as	a	measure	of	daily	TEE	adjusted	for	
BMR.	

The physical activity level (PAL)
A	detailed	discussion	of	PAL	is	provided	in	Appendix	5:	an	overview	is	given	here.	23.	
Twenty	four	hour	TEE	is	a	complex	function	of	weight,	age,	gender,	lifestyle	and	
behavioural	phenotype,	but	can	be	simplified	and	expressed	as	a	multiple	of	BMR;	
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this	 is	defined	as	the	physical	activity	 level,	PAL	 (sometimes	called	the	physical	
activity	index,	PAI).	Thus	PAL	=	TEE/BMR	and	is	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	(see	paragraph	79).

PAL	 values	 are	 best	 estimated	 from	 direct	 measures	 of	 BMR	 combined	 with	24.	
measures	of	TEE	over	periods	of	24	hours	or	longer.	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,	e.g.	soldiers	on	field	exercises,	elite	
endurance	athletes,	or	Antarctic	explorers	(Black,	1996;	Hoyt	&	Friedl,	2006).	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	active	 (Prentice,	 1995;	Schutz,	 2000).	A	change	 in	
lifestyle	will	change	an	individual’s	PAL	value	by	reasonably	predictable	amounts.	
For	example,	an	additional	150	minutes	of	moderate	intensity	activity	a	week,	as	
currently	recommended	for	adults	in	the	UK	(CMOs,	2011),	will	raise	PAL	by	about	
0.15	units	(see	Appendix	5	for	details).	

In	previous	reports,	the	duration	and	energy	cost	of	 individual	activities	(as	PAR	25.	
values)	 has	 been	 summed	 to	 provide	 factorial	 estimates	 of	 PAL	 (DH,	 1991;	 FAO,	
2004;	 IoM,	 2005;	 WHO,	 1985).	 A	 comprehensive	 summary	 of	 all	 published	 PAR	
values	for	a	wide	range	of	different	physical	activities	for	adults	was	compiled	by	
Vaz	et al (2005).	

The	 factorial	estimation	of	PAL	assumes	 that	overall	energy	expenditure	within	26.	
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.	

Firstly,	 for	most	 lists	of	activities	used	to	 identify	 lifestyle	categories,	 individual	27.	
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	
(Martins et al.,	 2007).	 Also,	 such	 listed	 energy	 costs	 may	 or	 may	 not	 include		
any	 thermic	 effect	 of	 food	 (TEF)	 or	 excess	 post-exercise	 oxygen	 consumption	
(EPOC).	

Secondly,	factorial	estimates	generally	assume	that	time	not	allocated	to	activities	28.	
is	occupied	by	basal	energy	expenditure	and	take	no	account	of	variation	in	those	
body	 movements	 associated	 with	 activities	 of	 daily	 living,	 change	 of	 posture	
and	 ‘fidgeting’	 (i.e.	SPA	 (Ravussin et al.,	 1986):	 see	Appendix	3).	 SPA	accounts	 for	
between-individual	 variation	 in	 energy	 expenditure	 of	 +15%.	 The	 potential	 for	
variable	SPA	 throughout	 the	 range	of	defined	activities	adds	 to	 the	uncertainty	
that	their	energy	costs	can	be	predicted.
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The	extent	of	error	 in	factorial	estimates	of	PAL	does	not	appear	to	have	been	29.	
systematically	evaluated.	However,	an	examination	of	the	doubly	labelled	water	
(DLW)-derived	 TEE	 literature	 in	 Appendix	 5	 (paragraphs	 283-286)	 identifies	
considerable	evidence	that	classification	of	individual	lifestyles	is	a	poor	predictor	
of	PAL.

In	 this	 SACN	 report,	 factorial	 predictions	 of	 PAL	 values	 for	 specific	 lifestyle	30.	
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,	which	exhibit	very	different	rates	of	energy	expenditure.	Instead,	PAL	
values	for	children,	adolescents	and	adults	have	been	identified	from	an	analysis	
of	the	available	DLW-derived	TEE	literature	judged	to	be	appropriate	for	the	UK	
population	(see	paragraphs	104-107	and	113-118).	For	detail	on	the	DLW	method,	see	
paragraph	70	and	Appendix	6.

Thermic effect of food (TEF)
The	 TEF	 or	 heat	 increment	 of	 feeding	 reflects	 the	 metabolic	 costs	 of	 eating,	31.	
digestion,	absorption	and	metabolism	of	food	and	nutrients.	Although	TEF	varies	
with	 food	 composition	 it	 is	 usually	 assumed	 to	 equate	 to	 energy	 expenditure	
equivalent	to	10%	of	energy	intake	(Kleiber,	1975).	

Other components of energy expenditure

Growth
Physical	 growth	 involves	 an	 increase	 in	 both	 the	 size	 and	 complexity	 of	 body	32.	
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	 rate,	e.g.	 in	 the	 full-term	newborn	 the	brain	 represents	about	 12%	of	
body	weight,	but	in	the	adult	is	about	2%	(Stratz,	1904).	Energy	is	deposited	into	
new	 tissues,	 the	major	part	of	 growth	costs,	 and	 some	 is	 expended	during	 the	
synthesis	of	growing	tissues.	The	energy	required	for	growth	is	highest	in	the	first	
three	months	of	life	when	it	accounts	for	about	35%	of	energy	requirements,	by	
12	months	of	age	this	falls	to	about	3%	(Butte et al.,	2000a).	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	small	(Tanner,	1990).

Changes	 in	 relative	 organ	 size	 influence	 both	 energy	 and	 protein	 metabolism.	33.	
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	growth	(Butte 
et al.,	1989;	Butte et al.,	2000b).
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Pregnancy and lactation
During	 pregnancy,	 energy	 is	 needed	 for	 placental	 and	 fetal	 growth	 and	 for	 the	34.	
growth	of	maternal	tissues,	e.g.	uterus,	breast	and	adipose	tissue.	 In	addition	to	
these	growth	costs,	there	are	increased	energy	costs	associated	with	maintaining	
the	 larger	 tissue	 mass,	 along	 with	 an	 increased	 energy	 cost	 of	 movement,	
particularly	 for	 weight	 bearing	 activities	 after	 25	 weeks	 gestation	 (Butte et al.,	
2004).	However,	some	of	these	costs	may	be	offset	by	adaptive	changes	in	activity	
and	in	maternal	metabolism.

During	lactation,	energy	 is	 lost	as	secreted	milk	and	expended	in	producing	the	35.	
milk.	Fat	reserves	that	accumulate	during	pregnancy	provide	a	variable	proportion	
of	this	requirement	(Butte	&	King,	2005).	

The	 energy	 content	 of	 any	 tissue	 laid	 down	 during	 growth,	 pregnancy	 and	36.	
lactation	or	of	milk	produced	is	not	accounted	for	in	TEE	measured	at	this	time;	
these	additional	costs	are	estimated	from	analysis	of	tissue	deposition	and	milk	
secretion.	The	TEE,	however,	does	include	the	energy	required	for	the	metabolic	
costs	of	new	tissue	synthesis	or	milk	production.

Factors affecting energy expenditure 
A	 detailed	 discussion	 of	 factors	 affecting	 energy	 expenditure	 can	 be	 found		37.	
in	 Appendix	 3,	 a	 summary	 is	 given	 here.	 Physical	 activity	 is	 considered	 in		
Appendix	7.	

Body size and composition
Basal	 and	 total	 energy	expenditure	 are	 related	 to	body	 size	with	 larger	people	38.	
having	more	tissue	mass	and	a	higher	BMR.	Both	height	and	weight	are	determinants	
of	the	BMR	although	the	independent	influence	of	height	is	much	less	than	that	of	
weight.	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.	

After	adjustment	for	body	size,	inter-individual	variation	in	BMR	is	mainly	determined	39.	
by	variation	in	the	most	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	BMR	with	gender,	age	and	ethnicity,	after	adjustment	for	
body	size,	are	mainly	accounted	for	by	differences	in	body	composition,	i.e.	FFM	
(see	Appendix	3	for	further	discussion).

The	increasing	body	size	of	overweight	and	obese	individuals	increases	both	FM	40.	
and	FFM	and	the	absolute	BMR	(Das et al.,	2004;	Prentice et al.,	1996a)	although	
the	 relationship	 is	 not	 linear	 (Prentice et al.,	 1996a).	 Despite	 this,	 prediction	
equations	 developed	 for	 BMR	 as	 a	 function	 of	 weight,	 age,	 gender	 and	 height,	
provide	a	reasonably	accurate	estimate	of	BMR	over	quite	a	wide	range	of	BMI;	this	
is	indicated	by	the	similar	relationships	between	BMI	and	measured	and	estimated	
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BMR	 in	 the	 adult	 DLW	 cohorts	 used	 to	 derive	 PAL	 values	 in	 this	 report	 (see	
Appendix	8).	However,	in	this	report,	because	prescriptive	EAR	values	are	defined	
(see	paragraph	59),	BMR	values	are	only	calculated	for	healthy	body	weights	at	the	
height	of	the	population	group,	and	potential	errors	in	estimating	BMR	values	for	
body	weights	markedly	outside	the	healthy	body	weight	range	will	not	influence	
EAR	values.

In	individuals	with	higher	percentages	of	body	fat,	a	decrease	in	the	mechanical	41.	
efficiency	 of	 movement	 can	 increase	 the	 energy	 expenditure	 associated	 with	
certain	types	of	activity.	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	ignored	(Durnin,	1996).	With	obesity	these	
changes	may	become	important	because,	as	discussed	in	Appendix	3	(paragraphs	
233	and	235),	PAEE	appears	to	decline	only	slightly	with	increasing	BMI,	and	PAL	
does	not	vary	with	BMI;	this	suggests	that	any	reduction	in	activity	with	increasing	
obesity	 is	offset	by	the	 increasing	energy	cost	of	such	activities	with	 increasing	
BMI.	

Genetic variation
While	 many	 studies	 have	 investigated	 the	 role	 of	 genetic	 variation	 on	 energy	42.	
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.

Hormones
Several	 hormones,	 e.g.	 sex	 hormones,	 thyroid	 hormone,	 adrenaline	 and	 leptin,	43.	
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	resting	metabolic	rate	
(RMR)	over	a	three	hour	measurement	period	(Collins et al.,	1994)).

Illness
The	 effect	 of	 illness	 on	 energy	 expenditure	 is	 discussed	 in	 more	 detail	 in	44.	
Appendix	9.	In	patients	with	a	range	of	conditions	(sepsis,	degenerative	diseases,	
malignancy,	 trauma,	congenital	 conditions	and	others),	TEE	 is	usually	normal	or	
reduced,	 partly	 because	 of	 a	 reduction	 in	 body	 weight	 and	 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	and	many	chronic	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	(Elia,	2005).	Specialist	
clinical	advice	is	essential	when	considering	energy	requirements	for	people	with	
disease.



33

Ambient temperature 
Body	 temperature	 is	 tightly	 regulated	 in	 order	 to	 maintain	 cell	 function.	 A	45.	
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.	

Energy balance and storage
Energy	balance	is	achieved	when	ME	intake	is	equal	to	TEE,	plus	the	energy	cost	of	46.	
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	 energy	
requirements	are	not	met	by	intake.	

Energy	 intake	 should	exceed	TEE	during	growth,	pregnancy	and	 lactation	when	47.	
new	tissues	are	being	laid	down	or	milk	produced.	In	other	circumstances,	energy	
intake	 which	 exceeds	 expenditure	 is	 stored.	 Triglycerides	 within	 adipose	 tissue	
act	as	the	body’s	major	energy	store.	Some	energy	is	also	stored	in	the	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	requirements	(Schutz	&	Garrow,	2000).	

Short-term,	day	 to	day	energy	 imbalances	are	accommodated	by	 the	deposition	48.	
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.	

Chronic	negative	energy	imbalance	results	in	the	utilisation	of	stored	energy	from	49.	
triglyceride	 in	 adipose	 tissue	 and	 protein	 in	 muscle	 and	 viscera,	 since	 glycogen	
stores	are	limited	and	are	rapidly	exhausted.	Chronic	positive	energy	imbalances	
are	 mostly	 accommodated	 by	 the	 deposition	 of	 adipose	 tissue	 triglycerides,	
together	with	a	small	but	fixed	ratio	of	lean	tissue	(Schutz	&	Garrow,	2000).	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.	

Obesity
Obesity	 results	 from	 a	 long-term	 positive	 energy	 imbalance.	 The	 increasing	50.	
prevalence	 of	 obesity	 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	 (Maes et 
al.,	1997).	Definitions	of	obesity	and	current	prevalence	in	the	UK	population	are	
discussed	in	Appendix	10.
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Obesity	increases	the	risk	of	a	number	of	diseases	(see	Table	2	for	an	overview).	51.	
In	2009,	a	collaborative	analysis	of	the	influence	of	BMI	on	all-cause	mortality	in	
57	prospective	studies	(900	000	adults),	 identified	a	U	shaped	relationship	with	
minimum	risk	associated	with	a	BMI	of	about	22.5-25kg/m2	 in	men	and	women	
(Prospective	Studies	Collaboration et al.,	2009).	This	relationship	and	how	it	has	
informed	the	approach	used	to	derive	energy	reference	values	in	this	report	will	
be	discussed	in	more	detail	in	Section	3.	

Table 2 Summary of associations observed in prospective studies between obesity and 
subsequent ill healtha 

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	and	hip)

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	kidney	

Impaired	fertility/polycystic	ovary	syndrome

Low	back	pain

Increased	risk	during	anaesthesia

Fetal	defects	associated	with	maternal	obesity	

a	based	on	Correa	et	al.,	2008;	Haslam	et al.,	2006;	Key	et al.,	2004;	Renehan	et al.,	2008

The influence of physical activity and diet on the 
regulation of body weight
The	 influence	of	physical	 activity	 and	energy	 intake	 in	 relation	 to	body	weight	52.	
regulation	 is	 discussed	 in	 detail	 in	 Appendix	 7	 and	 11;	 a	 summary	 of	 the	 main	
considerations	is	given	here.	

Body	weight	is	gained	when	energy	intake	exceeds	TEE	over	time.	PAEE	is	the	most	53.	
variable	component	of	TEE	and	is	amenable	to	modification,	so	changes	in	PAEE	
may	affect	risk	of	weight	gain.	

Methodological	constraints	are	a	severe	limitation	in	defining	the	role	of	physical	54.	
activity	 in	 the	 regulation	of	body	weight,	 for	example,	 studies	and	 surveys	 rely	
mostly	 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	
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suggested	that,	on	balance,	 increased	physical	activity	and	decreased	sedentary	
behaviour	were	associated	with	lower	relative	weight	and	fatness	gains;	however,	
the	results	were	mixed	and	the	identified	associations	were	generally	of	a	small	
magnitude	(Wareham et al.,	2005).	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.	Available	data	are	insufficient	to	
accurately	define	a	level	of	energy	expenditure	or	the	required	frequency,	intensity	
and	duration	of	physical	activities	required	to	reduce	the	risk	of	unhealthy	weight	
gain.	

Methodological	constraints	are	also	a	severe	limitation	in	defining	the	role	of	diet	55.	
and	dietary	composition	in	the	regulation	of	body	weight,	for	example,	limitations	
in	 the	 accurate	 assessment	 of	 dietary	 exposures	 and	 under-reporting	 of	 dietary	
intake	(Bandini et al.,	1990a;	Bingham et al.,	2001,	2003;	Bingham	&	Day,	2006;	Buhl et 
al.,	1995;	Champagne et al.,	1998;	Goris et al.,	2000;	Lichtman et al.,	1992;	Livingstone	
&	Black,	2003;	Rennie et al.,	2005).	A	prolonged	excess	energy	intake	is,	however,	
fundamental	to	weight	gain	and	the	development	of	obesity.	Household	purchase	
data	from	the	Family	Food	module	of	the	Living	Costs	and	Food	Survey13	suggest	
that	there	has	been	a	decrease	in	average	daily	energy	intakes,	which	seems	to	date	
from	the	1960s,	and	coincides	with	the	time	period	in	which	there	has	been	a	large	
increase	in	the	prevalence	of	overweight	and	obesity.	Since	under-reporting	of	food	
intake	is	particularly	pronounced	in	the	overweight	and	obese	(Rennie et al.,	2007),	
the	proportion	of	the	population	likely	to	under-report	increases	as	the	population	
gains	weight,	thus	exacerbating	the	problem	of	under-reporting	of	energy	intakes	
(Bandini et al.,	 1990a;	Rennie et al.,	 2005).	The	use	of	household	purchases	as	a	
proxy	for	consumption	in	these	surveys	also	limits	the	accuracy	with	which	energy	
intakes	can	be	estimated,	and	in	addition,	reported	energy	values	do	not	take	into	
account	food	waste.	The	NDNS,	in	which	food	consumption	by	individuals	has	been	
measured	with	seven	day	weighed	diaries,	a	considerably	more	robust	methodology	
than	that	used	in	Family	Food,	also	shows	average	energy	intakes	in	men,	but	not	
women,	have	decreased	between	1986/7	and	2000/1.	Under-reporting	is	also	an	
issue	in	NDNS	(estimated	to	be	approximately	25%	of	energy	needs	in	both	sexes	
(Rennie et al.,	2005))	and	there	is	some	indirect	evidence	of	a	secular	trend	towards	
increasing	under-reporting	over	time	(Rennie et al.,	2005).

Energy	flux	or	turnover	is	the	rate	at	which	energy	in	all	its	forms	flows	through	the	56.	
body	on	a	daily	basis	(chemical,	work,	thermal).	For	an	individual	in	energy	balance,	
the	energy	flux	 is	numerically	the	same	as	energy	expenditure	or	energy	 intake.	
Provided	energy	intake	matches	energy	expenditure	then	energy	balance	will	be	
maintained	whether	the	energy	flux	itself	is	at	a	higher	or	lower	level.	However,	as	
the	flux	of	energy	might	have	important	physiological	relevance	in	its	own	right,	
the	level	of	energy	flux	at	which	balance	is	achieved	should	be	considered.	It	has	

13	 The	Family	Food	module	of	the	UK	Living	Costs	and	Food	Survey	was	formerly	known	as	the	Expenditure	and	
Food	Survey	(EFS).	The	EFS	was	formed	in	2001	from	the	merger	of	the	National	Food	Survey	(NFS)	and	the	
Family	Expenditure	Survey.	Under-reporting	in	Family	Food	is	thought	to	be	lower	than	in	the	NFS	as	it	does	
not	only	focus	on	food	purchases,	but	on	household	expenditure	across	the	board	and	is	largely	based	on	till	
receipts.	Family	Food	also	provides	better	estimates	of	food	eaten	outside	the	home	than	did	the	NFS.	The	
change	in	methodology	when	the	EFS	replaced	the	NFS,	however,	makes	the	estimate	of	year	on	year	change	
unreliable	between	2000	and	2001-02.	



36

long	been	hypothesised	that	the	mechanisms	controlling	energy	balance	may	be	
more	sensitive	and	effective	in	individuals	with	higher	levels	of	physical	activity	
and	hence	energy	flux,	while	sedentary	individuals	may	be	below	the	threshold	of	
physical	activity	at	which	these	mechanisms	become	imprecise,	leading	to	obesity	
(Mayer	&	Thomas,	1967).	There	is	some	indirect	evidence	for	this	hypothesis	that	
the	coupling	between	energy	expenditure	and	energy	intake	may	be	less	precise	at	
low	levels	of	physical	activity	(Prentice	&	Jebb,	2004;	Schoeller,	1998).

Definition of energy requirement
The	energy	requirement,	and	associated	descriptive	terminology,	must	be	defined	57.	
with	particular	care	in	the	context	of	a	population	which	includes	many	individuals	
who	are	overweight	or	exhibit	habitually	 low	 levels	of	physical	activity.	COMA	
(DH,	1991)	defined	requirements	in	general	terms	only	i.e.	intakes	of	nutrients	which	
were	likely	to	meet	the	needs	of	some	or	all	within	population	groups.	There	was	
no	 specific	 definition	 of	 the	 energy	 requirement	 in	 relation	 to	 specific	 healthy	
body	weight	ranges	or	prescribed	levels	of	energy	expenditure.	COMA	reported	
EAR	values	calculated	for	a	wide	range	of	physical	activity	levels	and	adult	body	
weights,	which	in	practice,	would	maintain	the	status quo	in	terms	of	existing	body	
weights	of	such	population	groups.	The	COMA	report	did	include	a	widely	quoted	
summary	table14	for	sedentary	younger	and	older	adult	men	and	women	at	specific	
body	weights	which	were	within	the	healthy	range,	albeit	within	the	upper	part	
of	this	range15.	

The	definition	offered	by	FAO/WHO/UNU	(WHO,	1985;	FAO,	2004),	in	the	context	58.	
of	 a	 diet	 which	 contains	 adequate	 amounts	 of	 all	 essential	 nutrients,	 was	 ‘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’	(WHO,	1985;	FAO,	2004).	Thus	this	definition	
includes	both	healthy	body	weights	and	desirable	physical	activity	levels,	with	the	
term	 “normative”	used	 in	 the	 1985	 report	and	 “prescriptive”	 in	 the	2004	 report.	
Each	 report	 calculated	 energy	 requirements	 based	 on	 suitable	 reference	 body	
weight	ranges,	with	the	1985	report	noting	that	application	of	such	requirements	
to	groups	with	body	weights	below	or	above	such	ranges	would	tend	to	mediate	
weight	change	towards	the	median.	Neither	report,	however,	calculated	values	in	
relation	to	a	“desirable”	physical	activity	level.	

In	this	SACN	report,	the	requirements	for	energy	for	all	population	groups	have	59.	
been	set	at the level of energy intake required to maintain a healthy body weight16 

14	 Table	2.8	Estimated Average Requirements (EARs) for energy for groups of men and women with physical activity 
level of 1.4 (DH,	1991).

15	 These	were	median	body	weight	values	from	a	1980	survey	of	adult	heights	and	weights	in	Great	Britain,	and	
were	equivalent	to	BMI	values	of	24.1	and	24.	9	kg/m2	for	men	and	23.1	and	24.7	kg/m2	for	women.

16	 Although	the	healthy	body	weight	range	is	usually	defined	as	a	BMI	between	18.5-24.9kg/m2,	for	the	purposes	of	
calculating	the	revised	EAR	values,	in	this	report	healthy	body	weights	have	been	identified	as	those	associated	
with	a	body	mass	index	of	22.5	kg/m2	which	represents	the	lower	end	of	the	minimum	mortality	range	
(Prospective	Studies	Collaboration	et al.,	2009)	(see	paragraph	51).	
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in otherwise healthy people at existing levels of physical activity and to allow 
for any special additional needs (growth, pregnancy and lactation).	 Thus,	 the	
prescriptive17	 terminology	and	principle	 (i.e.	 relating	 to	 an	desirable	 standard	as	
distinct	 from	 status quo)	 have	 been	 adopted,	 but	 only	 for	 body	 weight,	 with	
physical	activity	set	at	best	estimates	of	existing	levels.	However,	as	with	previous	
reports,	the	importance	of	adequate	physical	activity	is	recognised	and	this	report	
includes	 advice	 on	 desirable	 physical	 activity	 consistent	 with	 long-term	 health	
(Chief	Medical	Officers	[CMOs],	2011).	The	likely	impact	of	such	advice	on	energy	
requirement	values	is	also	described.		

Energy	requirements	described	here	are	identified	from	sufficient	measurements	60.	
of	energy	expenditure	on	healthy,	well-nourished	individuals	to	demonstrate	how	
energy	expenditure	varies	according	to	age,	gender,	body	size	and	composition,	
pregnancy,	 lactation	 and	 physical	 activity.	 These	 characteristics	 are	 used	 to	
describe	population	groups	for	whom	EARs	are	defined,	with	values	calculated	for	
best	estimates	of	healthy	body	weights	at	the	heights	of	each	population	group	
and	at	respective	current	levels	of	physical	activity.

Variability
Measurements	 of	 energy	 needs	 that	 are	 used	 to	 predict	 DRVs	 for	 a	 particular	61.	
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	DRV	should	take	this	into	account.	

For	most	nutrients	 the	DRV	 is	 identified	as	 the	Reference	Nutrient	 Intake	 (RNI)	62.	
from	the	upper	bound	of	the	reference	ranges	i.e.	two	notional	standard	deviations	
above	the	average	reference	value	(DH,	1991).	However,	for	dietary	energy	the	DRV	
is	defined	differently	i.e.	it	is	equal	to	the	average	reference	value	(EAR).	The	RNI	
for	dietary	energy	is	not	used	because	it	represents	an	excess	energy	intake	for	the	
majority	of	the	population.	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	 of	 excessive	 and	 insufficient	 energy	 intakes	 for	 any	
individual	within	the	population.	

Appetite	regulation	allows	humans	in	good	health	to	match	broadly	their	energy	63.	
intake	 to	 their	 requirement	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.

In	countries	 like	 the	UK,	 the	population	 is	characterised	by	 sedentary	 lifestyles	64.	
at	 all	 ages.	 As	 a	 result,	 rates	 of	 energy	 expenditure	 and	 intakes	 that	 maintain	
energy	balance	at	these	levels	of	energy	expenditure	are	unlikely	to	be	normally	
distributed.	 Measurements	 of	 energy	 expenditure	 within	 adult	 populations18	
indicate	that	the	overall	distribution	is	skewed	towards	sedentary	behaviour.	For	

17	 Sometimes	used	interchangeably	with	‘normative’.

18	 See	Appendix	6	for	a	description	of	the	methodology	for	measuring	energy	expenditure	and	the	uncertainties	
that	exist	in	its	application	and	interpretation.
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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	diagram	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,	thus	the	median	is	used	in	this	report.	

 Figure 1 – Schematic of the likely distribution of energy expenditure (expressed 
as a multiple of Basal Metabolic Rate – BMR) and hence reference intakes within 
the adult population

	

Evidence	that	energy	expenditure	varies	between	individuals	with	similar	lifestyles	65.	
over	a	wider	range	than	would	be	expected	(at	least	in	adults)	presents	a	second	
difficulty	 in	 estimating	 energy	 reference	 values.	 This	 is	 particularly	 important	
since	in	the	past,	attempts	have	been	made	to	define	energy	reference	values	in	
terms	of	specific	physical	activity	levels	(as	multiples	of	basal	metabolic	rate,	see	
paragraphs	25	and	26)	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	resultant	energy	reference	values	cannot	
be	made	with	the	certainty	assumed	in	previous	reports	such	as	COMA	(DH,	1991)	
(see	Appendix	5	for	a	detailed	consideration).	

Finally,	 given	 the	 high	 prevalence	 of	 overweight	 and	 obesity	 at	 all	 ages	 in	 the	66.	
current	population	(see	Appendix	10),	prescriptive	energy	reference	values	which	
are	 consistent	 with	 long-term	 good	 health	 need	 to	 be	 based	 upon	 suitable	
reference	body	weights,	as	distinct	from	existing	body	weights.	If	this	principle	is	
not	adopted,	application	of	such	energy	reference	values	would	maintain	body	
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64. In countries like the UK, the population is characterised by sedentary lifestyles at all ages.  
As a result, rates of energy expenditure and intakes that maintain energy balance at these 
levels of energy expenditure are unlikely to be normally distributed.  Measurements of 
energy expenditure within adult populations15 indicate that the overall distribution is 
skewed towards sedentary behaviour.  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 
diagram 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, and 
the median is used in this report.   

 

Figure 1.  Schematic of the likely distribution of energy expenditure (expressed as a multiple of 
Basal Metabolic Rate - BMR) and hence reference intakes within the adult population 

 

 
65. Evidence that energy expenditure varies between individuals with similar lifestyles over a 

wider range than would be expected (at least in adults) presents a second difficulty in 
estimating energy reference values.  This is particularly important since in the past, 
attempts have been made to define energy reference values in terms of specific physical 
activity levels (as multiples of basal metabolic rate, see paragraph 25 and 26) 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 resultant 
energy reference values cannot be made with the certainty assumed in previous reports 
such as COMA (DH, 1991) (see Appendix 5 for a detailed consideration).   

 

 
                                                 
15 See Appendix 2 for a description of the methodology for measuring energy expenditure and the uncertainties 
that exist in its application and interpretation. 
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weights,	 which	 are	 in	 excess	 of	 the	 healthy	 reference	 weights	 for	 many	 of	 the	
population.	Thus,	in	contrast	to	COMA’s	report	(DH,	1991),	energy	reference	values	
defined	in	this	report	will	be	derived	for	infants,	children	and	adults	in	relation	to	
body	weights	which,	on	the	basis	of	current	evidence,	are	likely	to	be	associated	
with	 long-term	good	health.	 This	means	 that	 for	people	who	are	underweight,	
overweight	 or	 obese,	 energy	 intakes	 at	 the	 reference	 levels	 should	 enable	 the	
transition	towards	the	healthy	body	weight	range	(BMI	18.5-24.9	kg/m2)	over	time.

Approaches used to estimate energy reference values
Energy	reference	values	are	defined	as	the	Estimated	Average	Requirement	(EAR)	67.	
for	 food	 energy	 for	 specific	 population	 groups,	 not	 for	 individuals,	 and	 are	 set	
using	two	basic	approaches:

1)	 Measurement	of	energy	intake	(EI)	of	healthy	reference	populations	in	energy	
balance,	growing	appropriately	or	achieving	successful	pregnancy	and	lactation,	
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,	especially	for	groups	where	under-reporting	or	failure	
to	report	‘usual’	food	and	drink	intake	may	be	an	issue	(e.g.	overweight	adults)	
(Black et al.,	1993;	Livingstone,	1995;	Prentice et al.,	1986).	In	addition,	EI	is	not	
a	physiological	measure	of	the	energy	requirement	since	it	 is	not	adequately	
regulated	through	the	appetite	mechanism	to	match	TEE	precisely	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	matches	TEE	and	is	
therefore	appropriate	for	the	subject’s	need.	Thus,	in	practice,	this	approach	has	
been	largely	abandoned	in	favour	of	approaches	measuring	TEE.	

2)	 Measurement	 or	 prediction	 of	 TEE	 provides	 a	 physiological	 measure	 of	 the	
energy	 requirement	at	energy	balance.	This	 is	because	 for	energy	balance,	EI	
must	equal	TEE.	Thus,	the	energy	requirement	can	be	predicted	specifically	as	
the	 rate	of	TEE	plus	any	additional	energy	needs	 for	growth,	pregnancy	and	
lactation.	

Measurement of total energy expenditure (TEE)
Several	 approaches	 are	 used	 to	 measure	 TEE.	 Short-term	 measurements	 under	68.	
highly	defined	conditions	can	be	made	by	calorimetry.	Direct	calorimetry	which	
measures	 the	 rate	of	heat	 loss	 from	the	subject	 to	 the	calorimeter	 is	 the	most	
accurate	 method.	 Indirect	 calorimetry,	 the	 most	 commonly	 used	 approach,	
measures	 oxygen	 consumption	 and/or	 carbon	 dioxide	 production	 from	 which	
TEE	is	calculated	using	standard	formulae	such	as	the	Weir	equation	(Mansell	&	
Macdonald,	1990).

The	components	of	TEE	(e.g.	BMR,	PAEE)	can	be	measured	separately	using	direct	69.	
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	 (see	paragraph	22	and	
Appendix	5)	and	minimal	daily	 rates	of	TEE.	Free-living	activities	cannot	usually	
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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	monitoring	(Levine,	2005).	These	methods	need	first	to	
be	calibrated	against	direct	or	indirect	calorimetry	before	TEE	can	be	calculated.

The	DLW	method	(International	Atomic	Energy	Agency	[IAEA],	2009)	is	generally	70.	
recognised	as	the	most	accurate	measure	of	free-living	TEE	currently	available	and	
is	discussed	 in	detail	 in	Appendix	6.	DLW	measures	 the	 rate	of	 carbon	dioxide	
production,	and	hence	TEE,	 in	 free-living	subjects	over	a	period	of	several	days	
to	 several	 weeks	 providing	 more	 accurate	 measures	 of	 TEE	 than	 other	 non-
calorimetric	methods,	e.g.	heart	rate	monitoring	(Levine,	2005).	

Whilst	the	DLW	method	is	the	best	available,	a	series	of	assumptions	are	made	71.	
which	 can	 affect	 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.	Nevertheless,	the	DLW	method	
has	proved	to	be	the	most	useful	approach.	It	remains	the	method	of	choice	and	is	
more	accurate	than	others	available.	TEE	measurements	obtained	by	this	method	
are	judged	to	be	representative	of	the	current	TEE	of	the	UK	population	and	form	
the	basis	of	estimates	of	energy	reference	values	in	this	report.

Utilising TEE measurements to derive energy requirements
The	 1985	 FAO/WHO/UNU	 report	 (WHO,	 1985)	 was	 the	 first	 to	 use	 a	 factorial	72.	
approach	to	estimate	energy	requirements	based	on	the	prediction	of	TEE	as	BMR	
x	PAL	(see	paragraphs	23-30).	This	approach	was	adopted	by	COMA	in	1991	(DH,	
1991)	and	by	the	most	recent	FAO/WHO/UNU	report	(FAO,	2004)	for	calculating	
energy	requirements	of	adults,	although	not	used	in	the	US	DRI	report	(IoM,	2005)	
(see	paragraph	86).	The	calculations	made	in	these	reports	estimated	BMR	from	
anthropometric	measures	(as	described	in	paragraphs	80	and	81)	and	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	22).	With	 information	
about	PAL	values	for	specific	 lifestyles	and	types	of	daily	activities,	appropriate	
PAL	values	can	then	be	assigned	to	particular	population	groups.		

Reservations	 have	 been	 expressed	 regarding	 the	 prediction	 of	 PAL	 through	 the	73.	
summation	of	PAR	values	(see	paragraphs	26-28	and	Appendix	5).	Determination	
of	energy	reference	values	using	measured	values	of	TEE	is	therefore	preferable.	
There	are	 two	potential	 analytical	 approaches	 that	can	be	employed	 to	derive	
energy	reference	values	from	measured	TEE:	

predicting	TEE	using	regression	equations	(see	paragraphs	74-78);	•

employing	a	factorial	approach	based	on	the	assumption	that	TEE	is	equal	to		•
BMR	x	PAL	(see	paragraph	79).

Predicting TEE with regression equations 
The	first	approach	is	to	use	measured	TEE	directly	to	derive	regression	equations	74.	
which	describe	how	TEE	varies	as	a	function	of	anthropometric	variables	(such	as	
weight	 and	 height)	 for	 defined	 population	 groups.	 The	 regression	 equation	 can	
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then	be	used	to	predict	TEE	and	resulting	energy	reference	values	for	any	group	on	
the	basis	of	their	anthropometric	variables	(see	Appendix	5	for	details).	

The	analysis	of	TEE	as	a	function	of	its	potential	predictor	variables	(weight,	age	and	75.	
gender)	by	multiple	regression	techniques	would	seem	a	logical	progression	from	
the	accumulation	of	 reliably	estimated	measures	of	 free-living	TEE	by	the	DLW	
method	(Goran,	2005).	 In	practice,	however,	a	major	 limitation	to	this	approach	
has	been	the	inability	of	TEE	prediction	models	to	account	for	variation	in	PAEE,	
an	important	source	of	variation	in	TEE,	in	a	transparent	way.	

Variation	in	PAEE,	at	least	in	terms	of	its	duration	and	intensity,	is	not	physiologically	76.	
related	to	anthropometric	variables	 in	 the	same	way	as	the	BMR,	and	any	such	
variation	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	data	set	used	to	generate	the	regression.	

Between-individual	variability	 in	PAEE	 in	a	 regression	of	TEE	on	anthropometric	77.	
variables	 is	 to	 some	 extent	 indicated	 by	 the	 residuals	 of	 the	 regression.	 Such	
residuals	 (the	 difference	 between	 observed	 TEE	 values	 and	 those	 predicted	 by	
the	regression)	will	include	all	TEE	not	accounted	for	by	the	regression,	of	which	
variation	 in	 PAEE	 will	 be	 the	 major	 part.	 However,	 any	 variation	 in	 the	 basal	
energy	expenditure	not	accounted	for	by	body	weight,	age	and	gender,	will	also	
be	 included.	Thus,	use	of	 residuals	 in	 terms	of	predictors	of	 the	 likely	 range	of	
variation	in	PAEE	within	population	groups	is	limited	and	residuals	have	not	been	
used	as	such	in	any	previous	report	(see	Appendix	5	for	more	detail).	

Instead,	previous	 reports	which	have	used	 regression	models	of	TEE	 to	predict	78.	
energy	requirements	(FAO/WHO/UNU	(FAO,	2004)19	and	the	US	DRI	values	for	
energy	(IoM,	2005),	made	special	provision	for	the	likely	variation	in	PAEE	within	
the	population	group	described	by	the	regression.	The	methodology	employed,	is	
examined	below	(paragraphs	85	and	86).

Predicting TEE from BMR and PAL values extracted from measured 
TEE – the factorial approach
The	second	analytical	 approach	 to	 the	derivation	of	energy	 requirements	 from	79.	
measured	TEE	employs	the	factorial	approach20	in	the	following	steps:

TEE	 values	 measured	 in	 a	 reference	 population	 are	 divided	 by	 measured	 or		•
estimated	BMR	to	extract	PAL	values.	This	means	that	the	reference	populations	
studied	by	DLW	are	described	primarily	by	PAL	values.	

For	 the	 population	 of	 interest,	 BMR	 values	 are	 then	 estimated	 from	 BMR		•
prediction	equations	using	relevant	anthropometric	data	for	the	population.

19	 Regression	equations	were	used	to	derive	energy	requirements	for	infants,	children	and	adolescents.	The	energy	
requirements	of	adults	were	calculated	from	factorial	estimates	of	habitual	TEE.

20	 This	approach	has	also	been	referred	to	as	the	BMR	multiple	approach	and	the	PAL	model.
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The	 PAL	 values	 derived	 from	 the	 reference	 population	 can	 then	 be	 used	 to		•
estimate	TEE	and	EAR	values	for	the	population	of	interest	based	on	the	latter’s	
estimated	BMR	values.

	 Whilst	 some	 criticism	 of	 the	 PAL	 x	 BMR	 approach	 has	 been	 expressed	 (Goran,	
2005)	(see	Appendix	5),	no	satisfactory	alternative	has	yet	been	identified.

Estimating BMR 
A	variety	of	BMR	prediction	equations80.	  are	described	in	the	literature	and	different	
authors	 favour	 different	 equations	 in	 published	 work	 especially	 in	 the	 US	 and	
Europe.	Within	the	UK	COMA	report	(DH,	1991)	and	for	FAO/WHO/UNU	reports	
(FAO,	2004;	WHO,	1985),	the	Schofield	equations	have	primarily	been	used	(Schofield	
et al	1985).	The	Schofield	equations	are	a	series	of	predictive	equations	for	BMR	
based	on	height,	body	weight,	age	and	gender,	although	simplified	equations	based	
on	 just	 body	 weight,	 age	 and	 gender	 are	 used	 in	 these	 reports.	 The	 equations	
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	adults	(FAO,	2004)	
and	modified	versions	were	used	by	COMA	for	the	previous	UK	EAR	for	energy	in	
children	aged	3-18	years	and	adults	(DH,	1991).

The	data	set	upon	which	the	Schofield	prediction	equations	for	BMR	were	based	81.	
was	compiled	mainly	from	results	in	West	European	and	North	American	subjects,	
with	almost	half	of	the	subjects	being	Italian	in	whom	BMR	was	measured	using	a	
closed	circuit	method21	in	the	1930s	and	1940s	(Henry,	2005).	The	use	of	the	closed	
circuit	 method	 has	 been	 queried	 as	 it	 may	 overestimate	 oxygen	 consumption	
and	consequently	energy	expenditure	(FAO,	2004).	Furthermore,	the	applicability	
of	 the	 Schofield	 equations	 to	 all	 population	 groups	 has	 been	 questioned	 and	
an	alternative	more	comprehensive	database	has	been	assembled	and	analysed	
from	which	a	new	set	of	equations	has	subsequently	been	derived,	i.e.	the	Henry	
equations	 (Henry,	 2005).	 Although	 estimates	 of	 BMR	 made	 by	 the	 Schofield	 or	
Henry	prediction	equations	differ	only	slightly	in	children	or	adults	(i.e.	the	Henry	
equations	are	3-4%	 lower),	an	assessment	of	 the	validity	of	different	predictive	
equations	for	BMR	in	adults	found	the	Henry	prediction	equations	to	be	the	more	
accurate	(Weijs,	2008).	In	this	report	the	BMR	prediction	equations	published	by	
Henry	 (2005)	 are	 therefore	 used	 to	 derive	 EAR	 values	 which,	 because	 they	 are	
prescriptive	 values,	 require	 the	 identification	 of	 reference	 values	 for	 healthy	
body	 weights	 for	 which	 BMR	 is	 calculated.	 A	 more	 detailed	 discussion	 on	 the	
BMR	equations	is	provided	in	Appendix	4,	with	suitable	values	for	reference	body	
weights	described	below	in	paragraphs	90-93.

21	 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,	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:	Green,	1994).



43

Calculation of energy requirements
There	are	 two	major	considerations	 in	 the	practical	application	of	 the	 factorial	82.	
approach	 to	 calculate	 energy	 requirements	 using	 PAL	 and	 BMR	 values	 from	
appropriate	 DLW	 data	 sets:	 1)	 identifying	 suitable	 PAL	 values	 appropriate	 for	
specific	groups	and	populations;	and	2)	utilising	this	information	to	derive	energy	
reference	values.

PAL	 values	 can	 be	 calculated	 from	 DLW-derived	 measurements	 of	 TEE	 largely	83.	
obtained	from	studies	conducted	in	UK	populations	and	comparable	populations	
in	 the	 US	 and	 other	 developed	 countries	 over	 the	 last	 20	 years,	 and	 from	
measurements	or	predictions	of	the	BMR.	With	few	exceptions,	published	DLW	
studies	involve	relatively	small	numbers	of	healthy	subjects	who	may	or	may	not	
have	been	engaged	in	activities	representative	of	the	general	population	at	that	
time.	Although	data	from	these	studies	can	be	combined	to	derive best	estimates	
of	PAL	values	for	the	whole	population	based	on	age	and	gender,	the	degree	to	
which	these	values	are	representative	of	the	current	UK population	is	uncertain.	
For	example,	 the	data	 set	assembled	 for	 the	US	DRI	 report	 (IoM,	2005)	 (n=767)	
included	many	 individual	studies	with	subjects	exhibiting	high	levels	of	physical	
activity	(see	Appendix	5).	An	alternative	is	to	make	use	of	large	population	studies	
of	 randomly	selected	subjects	which	can	be	assumed	to	exhibit	 similar	activity	
patterns	to	that	of	the	current	UK	population	(see	paragraph	116	and	Appendix	8).	

Suitable	PAL	values	can	be	used	to	update	and	improve	tables	of	PAL	value	ranges	84.	
for	 the	various	ages	and	 lifestyle	groups	 identified	 in	previous	 reports,	allowing	
energy	reference	values	to	be	calculated	for	such	groups	(see	paragraphs	25-30).	
However,	the	marked	between-individual	variation	in	PAL	(which	seems	to	occur	
independently	of	any	predictable	lifestyle)	makes	such	a	selection	of	an	appropriate	
PAL	value	unreliable.	The	alternative	approach	 is	 to	evaluate	the	distribution	of	
PAL	 values,	 with	 medians	 and	 centile	 ranges	 identified	 for	 the	 population	 as	 a	
whole.	This	approach	allows	energy	reference	values	to	be	framed	against	such	
distributions,	in	effect	substituting	PAL	distributions	for	PAL	values	defined	in	terms	
of	lifestyle.	Thus,	energy	reference	values	can	be	defined	as	a	population	EAR22	(i.e.	
from	the	median	PAL	value)	with	additional	values	appropriate	to	those	who	are	
less	 or	 more	 active	 than	 the	 average	 (i.e.	 from	 the	 25th	 and	 75th	 centiles).	 Only	
three	activity	groups	within	the	population	are	identified	by	PAL	values	using	this	
method,	but	it	is	considered	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.	

22	 The	word	average	in	the	EAR	(Estimated	Average	Requirement)	term	is	used	here	as	a	general	term	embracing	
both	median	and	mean.
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Approaches employed to calculate energy requirements in other 
reports

FAO/UNU/WHO (FAO 2004)
The	development	of	 regression	equations	 for	TEE	 from	measured	values	 forms	85.	
the	basis	of	the	FAO/WHO/UNU	(FAO,	2004)	report	on	energy	requirements	for	
infants,	children	and	adolescents	(but	not	for	adults).	Data	sets	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	regression	equations.	For	children	and	
adolescents,	the	predicted	TEE	values	were	not	used	directly	but	used	to	predict	
PAL	values.	This	prediction	was	done	by	dividing	TEE	values	from	the	regression	
with	BMR	values	predicted	as	a	function	of	age	and	weight.	The	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	approach	allowed	calculation	of	
energy	requirements	for	the	three	lifestyles	as	BMR	x	PAL.	For	adults,	FAO/WHO/
UNU	(FAO,	2004)	adopted	a	factorial	model	 (BMR	x	PAL)	 in	place	of	regression	
equations	with	PAL	values	identified	for	lifestyle	categories.	

US DRI Institute of Medicine (2005)
The	 US	 Dietary	 Reference	 Intake	 (DRI)	 values	 for	 energy	 (IoM,	 2005)	 were	86.	
calculated	 from	 age-range	 and	 gender-specific	 prediction	 equations	 for	 TEE	
derived	by	regression	analysis	of	a	 large	 (n=767)	DLW	data	set	of	 individual	TEE	
values.	These	were	obtained,	with	ancillary	data,	directly	from	the	 investigators	
of	each	study.	However,	unlike	the	FAO/WHO/UNU	report	(FAO,	2004),	variation	
in	 physical	 activity	 was	 accommodated	 within	 the	 regression.	 This	 involved	 an	
activity	constant,	which	could	be	one	of	four	values,	that	the	user	must	choose.	
Each	of	 these	 four	activity	constants	was	 identified	as	equivalent	 to	a	 range	of	
PAL	values	appropriate	for	sedentary,	low	active,	active,	and	very	active	lifestyles.	
Thus,	the	user	of	the	regression	equations	is	instructed	to	estimate	which	activity/
lifestyle	 category	 the	 subject	 or	 population	 group	 belongs	 to,	 and	 assign	 the	
appropriate	 activity	 term	 within	 the	 regression,	 together	 with	 age,	 weight,	 and	
height,	to	calculate	the	EAR	value.	Separate	regression	equations	were	defined	for	
each	gender	and	age	range.	In	practice	these	equations	differ	little	from	prediction	
equations	of	the	form	BMR	x	PAL	with	four	values	of	PAL	identified	for	the	four	
activity	ranges.
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3	 	Estimated	average	requirements	–	
approaches	used	and	values	derived

Summary of approach used to determine EARs
The	SACN	Framework	for	the	Evaluation	of	Evidence	(SACN,	2002)	was	used	as	the	87.	
basis	to	identify	and	assess	published	evidence	of	total	energy	expenditure	(TEE)	
from	which	to	guide	derivation	of	energy	reference	values.	Only	studies	using	the	
doubly-labelled	 water	 (DLW)	 method	 to	 measure	 TEE	 were	 considered,	 as	 this	
represents	the	most	accurate	method	for	assessing	TEE	in	free-living	populations.	
No	 large-scale	 population	 studies	 of	 any	 age	 group	 have	 been	 conducted	 to	
determine	DLW-derived	TEE	 in	 the	UK	population	and	although	TEE	values	 for	
subjects	of	all	ages	obtained	from	the	UK	NDNS	series	were	examined,	this	data	
set	 alone	 (n=156	 adults)	 was	 not	 large	 enough	 to	 serve	 as	 a	 sole	 reference	 for	
the	determination	of	energy	reference	values.	Consequently,	other	data	sources	
(reference	 populations)	 were	 sought.	 Priority	 was	 given	 to	 studies	 in	 well-
characterised	populations	(e.g.	by	age,	gender,	weight,	height	or	BMI)	and	where	
BMR	had	been	measured	directly	rather	than	estimated	from	prediction	equations.	
Studies	 of	 extreme	 energy	 expenditure,	 such	 as	 those	 involving	 elite	 athletes,	
and	 studies	based	on	populations	which	are	not	commonly	 represented	 in	 the	
UK	(such	as	ethnic	groups	not	widely	seen	in	the	UK)	were	given	less	emphasis.	
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	 data	 sets	 of	 individual	 TEE	 values	 for	 adults	
were	subsequently	obtained	 from	the	USA,	 the	OPEN	and	Beltsville	 studies	 (as	
described	in	paragraph	116	and	Appendix	8).	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.

For	adults	aged	 19-65	years	and	children	aged	between	3-18	years,	 the	different	88.	
approaches	to	setting	EARs	described	above	(see	paragraphs	72-86)	were	examined.	
Regression	 modelling	 was	 explored	 and	 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	
74-78)	this	approach	is	limited	because	of	the	inability	of	TEE	prediction	models	
to	account	for	PAEE,	an	important	source	of	variation	in	TEE,	in	a	transparent	way.	
As	a	result,	the	regression	approach	was	not	pursued	and	a	factorial	model	was	
adopted,	in	which	TEE	is	predicted	from	BMR	x	PAL	(see	paragraph	79).

Thus,	 new	 EAR	 values	 have	 been	 derived	 for	 children	 and	 adults.	 However,	 for	89.	
infants	 the	 reference	values	 stated	 in	 the	FAO/WHO/UNU	report	 (FAO,	2004)	
were	used	due	to	a	lack	of	substantial	new	data.	Pregnant	and	lactating	women	
were	considered	separately.
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Prescriptive energy reference values for healthy body weights
The	high	prevalence	of	overweight	and	obesity	at	all	ages	in	the	UK	population	(see	90.	
Appendix	10)	raises	a	clear	difficulty	in	the	definition	of	energy	reference	values	for	
population	groups.	Such	values,	calculated	to	match	energy	expenditure,	will,	for	
many	of	the	population,	maintain	overweight	and	will	therefore	not	be	consistent	
with	long-term	good	health.	Given	the	objective	of	defining	prescriptive	reference	
values,	such	values	need	to	be	based	on	healthy	body	weights.

For	infants	and	children,	healthy	body	weights	are	difficult	to	define	but	the	UK-91.	
WHO	Growth	Standards	(Royal	College	of	Paediatrics	and	Child	Health	[RCPCH],	
2011)	for	infants	and	preschool	children	are	considered	to	be	appropriate	as	the	
pattern	of	growth	represented	is	associated	with	favourable	health	outcomes.	For	
school	children,	 the	UK	 1990	 reference	values	 for	child	growth	 (Freeman et al.,	
1995)	 indicate	body	weights	which	are	on	average	about	 15%	 lower	 than	 recent	
(2009)	UK	values	(NHS	IC,	2010).	These	body	weights	can	reasonably	be	assumed	
to	be	a	better	indication	of	healthy	weights	than	current	values.

For	adults,	the	normal	body	weight	range	is	generally	defined	as	a	BMI	between	18.5	92.	
and	24.9	kg/m2	(WHO,	1998).	As	already	indicated	(paragraph	51),	a	collaborative	
analysis	of	the	influence	of	BMI	on	all-cause	mortality	in	approximately	900,000	
adults	 (Prospective	 Studies	 Collaboration et al.,	 2009)	 identified	 a	 U-shaped	
relationship	 with	 minimum	 risk	 associated	 with	 a	 BMI	 of	 about	 22.5-25kg/m2.	
Above	this	range,	positive	associations	were	recorded	for	several	specific	causes	
(vascular	mortality,	diabetic,	renal,	and	hepatic	mortality	and	neoplastic	mortality)	
with	each	5	kg/m2	higher	BMI	associated	with	about	30%	higher	overall	mortality.	
Below	22.5-25	kg/m2,	the	overall	inverse	association	with	BMI	was	predominantly	
due	to	strong	inverse	associations	for	smoking-related	respiratory	disease	(including	
cancer).

On	this	basis,	energy	reference	values	were	calculated	 in	this	 report	at	the	5093.	 th	
centile	of	the	UK-WHO	Growth	Standards	for	children	up	to	four	years	(RCPCH,	
2011)	and	using	the	UK	1990	reference	values	for	child	growth	for	children	aged	
over	 four	 years	 (Freeman et al.,	 1995).	 In	 adults,	 the	 healthy	 body	 weights	 that	
equate	to	a	BMI	at	the	lower	end	of	the	minimum	mortality	range	(as	discussed	in	
paragraph	92)	i.e.	BMI	22.5	kg/m2,	have	been	adopted.	Thus,	EAR	values	should	be	
calculated	for	a	body	weight	equivalent	to	a	BMI	of	22.5	kg/m2	at	the	height	of	
the	population	group.	Illustrative	EAR	values	are	shown	calculated	from	current	
estimates	of	heights	of	the	UK	population23.	Energy	intakes	matching	the	revised	
EAR	values	will	be	less	than	those	which	would	maintain	weight	for	overweight	
groups	and	can	therefore	form	the	basis	of	intakes	designed	to	achieve	healthier	
body	weights.	In	contrast,	energy	intakes	matching	the	revised	EAR	values	will	be	
greater	than	intakes	that	would	maintain	weight	for	those	who	are	underweight.

23	 It	is	important	to	note	that	a	weight	equivalent	to	a	BMI	of	22.5	kg/m2	does	not	represent	a	precise	target	body	
weight	to	which	everyone	should	aspire,	rather	that	a	single	figure	was	required	for	the	purpose	of	calculating	
prescriptive	EARs	based	on	healthy	body	weights.	A	body	weight	equating	to	a	BMI	within	the	range	of	18.5	–	
24.9	kg/m2	is	generally	considered	‘normal’	or	‘healthy’.
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Energy reference values for infants, children and 
adolescents

Energy cost of growth
TEE	 measured	 using	 the	 DLW	 method	 includes	 the	 energy	 expended	 in	 tissue	94.	
synthesis.	Thus,	only	the	cost	of	energy	deposited	 in	growing	tissues	should	be	
added	 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	 100	and	 101	 and	Tables	 3	 and	4).	 For	older	 children	
and	adolescents,	 growth	costs	 are	much	 less	and	 the	energy	deposited	can	be	
accounted	for	by	a	simple	adjustment	to	the	factorial	prediction	of	TEE	from	BMR	
x	PAL	(see	paragraph	108	and	Table	7).

Infants aged 1 – 12 months of age
Following	the	approach	of	the	FAO/WHO/UNU	report	(FAO,	2004),	the	energy	95.	
reference	 values	 for	 infants	 (Table	 5)	 were	 estimated	 from	 TEE	 (measured	 by	
the	DLW	method	in	healthy,	well-nourished	infants	born	at	full	term	within	the	
range	 of	 normal	 birth	 weight	 (Butte,	 2005)),	 plus	 the	 energy	 deposited	 during	
growth,	estimated	from	measured	protein	and	fat	deposits	(Table	3).	These	energy	
deposition	values	were	then	applied	to	weight	increments	taken	from	the	UK-WHO	
Growth	Standards	(RCPCH,	2011)	(Table	5)	to	derive	EARs	for	breastfed,	breast	milk	
substitute-fed	and	for	 those	 infants	where	feeding	 is	mixed	or	unknown.	These	
standards	describe	the	growth	pattern	of	healthy	 infants	 living	 in	non-deprived	
circumstances	 who	 were	 exclusively	 or	 predominantly	 breastfed	 for	 at	 least	
four	months	and	 introduced	to	complementary	foods	at	a	mean	of	5.4	months		
(WHO,	2006).	Since	 this	pattern	of	growth	 is	associated	with	 favourable	health	
outcomes,	it	is	considered	an	indicator	of	optimal	growth	applicable	to	all	infants	
and	young	children.	 In	2009,	 standards	 for	children	aged	0-4	years	of	age	were	
adopted	 by	 the	 UK	 (Scientific	 Advisory	 Committee	 on	 Nutrition	 &	 the	 Royal	
College	 of	 Paediatrics	 and	 Child	 Health	 [SACN/RCPCH],	 2007)	 as	 the	 growth	
standards	to	be	used	for	clinical	monitoring	and	population	surveillance.

Energy expenditure
The	FAO/WHO/UNU	report	(FAO,	2004)	describes	several	equations	relating	TEE	96.	
to	infant	body	weights.	One	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)	(Butte et al.,	2000a).

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

This	was	very	similar	to	the	relationship	between	TEE	and	weight	derived	from	an	97.	
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	weight	(Butte,	2005).

Exclusive	 breastfeeding	 to	 the	 age	 of	 about	 six	 months	 with	 continued	98.	
breastfeeding	as	part	of	a	progressively	varied	diet	is	recommended	for	all	healthy	
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infants	(SACN/RCPCH,	2007).	The	energy	expenditure	of	breast	milk	substitute-
fed	infants	has	been	shown	to	be	higher	than	that	of	breastfed	infants	(Butte et al.,	
1990;	Jiang et al.,	1998;	Butte et al.,	2000a;),	indicating	differences	in	TEE	between	
feeding	groups	over	the	first	year	of	life	that	diminish	thereafter.

When	predicting	TEE	for	breastfed	and	for	breast	milk	substitute-fed	infants	from	99.	
body	 weight,	 because	 of	 the	 differences	 described	 above,	 separate	 regression	
equations	for	TEE	as	a	function	of	weight	were	derived	for	these	two	groups	(Butte,	
2005).	The	between	individual	coefficient of variation	(CV)	of	TEE	ranged	from	15	
to	21%	(18%	average)	or	from	13	to	17%	for	TEE/kg	(15%	average).	The	equations	used	
to	predict	TEE	from	body	weight	are	as	follows:

	 TEE	for	breastfed	infants	(FAO,	2004):

	 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

	 TEE	for	breast	milk	substitute-fed	infants	(FAO,	2004):

	 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

	 Weights	substituted	in	these	equations	were	derived	from	the	WHO	Child	Growth	
Standards	(WHO,	2006)	discussed	below	(paragraph	101).

Energy deposition
The	energy	stored	in	new	tissue	was	calculated	as	the	deposited	energy	accrued	100.	
during	normal	growth.	These	costs	were	estimated	from	a	multi-component	body	
composition	 model	 (total	 body	 water,	 total	 body	 potassium	 and	 bone	 mineral	
content)	(Butte	et al.,	2000b)	based	on	a	modified	version	of	Fomon’s	term	infant	
reference	 (Fomom et al.,	 1982)	 describing	 changes	 in	 body	 composition	 during	
growth.	Estimates	of	protein	and	fat	gain	over	three	month	periods	were	used	to	
predict	energy	accrued	per	gram	of	weight	gain,	which	was	then	used	to	predict	
growth	costs	at	monthly	intervals.
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Table 3 Energy content of tissue deposition of infantsa

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
aButte,	2005
Gross	energy	equivalents:	1g	protein	=	23.6kJ	(5.65	kcal);	1g	fat	=	38.7kJ	(9.25kcal)

Using	this	model,	the	estimate	of	energy	deposited	in	new	tissue	fell	from	about	101.	
25.6	kJ/g	(6.3	kcal/g)	at	0-3	months	to	about	10.6	kJ/g	(2.5	kcal/g)	at	9-12	months	
(see	Table	3).	These	values	were	applied	to	the	weight	velocities	observed	in	the	UK-
WHO	Growth	Standards	(RCPCH,	2011)	to	estimate	the	rates	of	energy	deposition	
at	monthly	intervals	(see	Table	4	for	weight	velocities).	These	predictions	of	energy	
deposited	during	growth	derive	from	a	relatively	small	study	by	Butte	et al	(2000a)	
which	was	“validated”	against	other	data	sets	(Butte,	2005).	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	study	
(Butte	et al,	2000a)	the	pattern	of	breastfeeding	followed	was	not	fully	described	
and	the	growth	of	infants	did	not	fully	reflect	the	WHO	growth	trajectory	(WHO,	
2006).	 In	the	study	by	Butte	et al	(2000a)	no	significant	differences	 in	the	body	
composition	of	breastfed	and	breast	milk	substitute-fed	infants	were	noted,	but	
further	information	on	this	point	is	lacking.
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Table 4 Weights, growth and energy deposition rates for infants 1–12 months of age

Age (months)
Weight 

(kg)a
Weight velocity 

(g/day)b

Energy 
deposition 

(kJ/g)

Energy 
deposition 

(kJ/day)

Boys

1 4.47 37.1 25.1 931

2 5.56 35.8 25.1 899

3 6.37 26.6 25.1 668

4 7 20.7 11.6 240

5 7.51 16.8 11.6 195

6 7.93 13.8 11.6 160

7 8.3 12.2 6.2 76

8 8.61 10.2 6.2 63

9 8.9 9.5 6.2 59

10 9.16 8.5 11.4 97

11 9.41 8.2 11.4 93

12 9.65 7.9 11.4 90

Girls

1 4.19 31.6 26.2 828

2 5.13 30.9 26.2 810

3 5.84 23.3 26.2 610

4 6.42 19.1 15.6 298

5 6.9 15.8 15.6 246

6 7.3 13.1 15.6 204

7 7.64 11.2 7.4 83

8 7.95 10.2 7.4 75

9 8.22 8.9 7.4 66

10 8.48 8.5 9.8 83

11 8.72 7.9 9.8 77

12 8.95 7.6 9.8 74
a	50th	percentile	weight	for	age	of	the	UK-WHO	Growth	Standards	(RCPCH,	2011)
b	50th	percentile	weight	increment	of	the	UK-WHO	Growth	Standards	(RCPCH,	2011)
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Table 5 Estimated Average Requirement (EAR) values for infants 0–12 months of age

Age 
(months)

Total energy expenditure 
(kJ/day) EARe

Breast-
feda

Breast 
milk sub-
stitute-

fedb

Feeding 
mixed or 
unknown 

c,d

Breast-fed
Breast milk 

substitute-fed
Feeding mixed or 

unknown

kJ/day
kJ/kg

per day kJ/day
kJ/kg 

per day kJ/day
kJ/kg 

per day

Boys

1 1099 1425 1242 2030 454 2356 527 2173 486

2 	1522 1802 1647 2421 435 2701 486 2546 458

3 1837 2082 1947 2505 393 2750 432 2615 411

4 2081 2300 2181 2321 332 2540 363 2421 346

5 2279 2476 2370 2474 329 2671 356 2565 342

6 2442 2622 2526 2602 328 2782 351 2686 339

7 2585 2750 2663 2661 321 2826 340 2739 330

8 2706 2857 2778 2769 322 2920 339 2841 330

9 2818 2957 2886 2877 323 3016 339 2945 331

10 2919 3047 2982 3016 329 3144 343 3079 336

11 3016 3134 3075 3109 330 3227 343 3168 337

12 3109 3217 3164 3199 332 3307 343 3254 337

Girls

1 		991 1328 	1138 1819 434 2156 514 1966 469

2 	1355 1653 1487 2165 422 2463 480 2297 448

3 		1631 1899 	1751 2241 384 2509 430 2361 404

4 1856 2099 1966 2154 336 2397 373 2264 353

5 2042 2265 2144 2288 332 2511 364 2390 346

6 2197 2404 2292 2401 329 2608 357 2496 342

7 2329 2521 2418 2412 316 2604 341 2501 327

8 2450 2629 2533 2525 318 2704 340 2608 328

9 2554 2722 2634 2620 319 2788 339 2700 328

10 2655 2812 2730 2738 323 2895 341 2813 332

11 2748 2895 2819 2825 324 2972 341 2896 332

12 2838 2975 2904 2912 325 3049 341 2978 333
a	Total	Energy	Expenditure	(TEE)	(MJ/day)	=	0.388	Weight	(kg)	–	0.635
b	TEE	(MJ/day)	=	0.346	Weight	(kg)	–	0.122
c	 These	 figures	 should	 be	 applied	 for	 infants	 when	 the	 mode	 and	 proportions	 of	 feeding	 are	
uncertain
d	TEE	(MJ/day)	=	0.371	Weight	(kg)	–	0.416
e	Calculated	as	TEE	+	energy	deposition	(kJ/day)	as	in	Table	4
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Energy reference values for children and adolescents aged 1-18 
years
The	 energy	 reference	 values	 for	 boys	 and	 girls	 aged	 1-18	 years	 were	 calculated	102.	
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	108).

Estimating the BMR
The	 BMR	 values	 for	 children	 and	 adolescents	 were	 estimated	 from	 the	 Henry	103.	
prediction	equations	(Henry,	2005)	(see	Appendix	4	for	details),	using	weights	and	
heights	indicated	by	the	50th	centiles	of	the	UK-WHO	Growth	Standards	(RCPCH,	
2011)	for	ages	1	to	4	years	and	the	UK	1990	reference	for	children	and	adolescents	
(Freeman et al.,	1995)	for	ages	5	to	18	years.

Identifying PAL values
PAL	values	were	identified	from	an	analysis	of	DLW	measures	of	TEE.	The	objective	104.	
of	the	analysis	was	to	identify	specific	age	ranges	of	children	within	which	variation	
with	age	was	less	than	variation	between	individuals.	This	approach	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.

A	data	set	was	compiled	of	all	published	DLW	studies	of	children	aged	over	one	105.	
year	(see	Appendix	12	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).

For	all	studies	which	did	not	report	BMR,	BMR	values	were	calculated	from	the	106.	
Henry	equations	for	weight	and	height	or	weight	alone	if	no	height	was	reported	
(see	Appendix	4).	PAL	values	were	calculated	from	TEE	and	either	the	reported	or	
calculated	BMR	values.

The	analysis	revealed	no	influence	of	gender	but	an	increase	in	PAL	values	with	age	107.	
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.	Indeed,	on	the	basis	of	the	association	of	PAL	values	with	activity	
levels	(as	shown	in	Table	22	Appendix	5),	many	of	the	study	mean	PAL	values	for	
younger	school	children	(PAL<1.5)	would	imply	very	low	activity	levels	compared	
with	other	children	of	the	same	age.	Although	one	option	was	to	exclude	some	
of	these	studies,	there	was	insufficient	evidence	to	do	this	and	all	studies	shown	
in	Figure	2	were	therefore	 included	 in	the	analysis.	Thus,	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	that	could	 influence	behaviour	and	energy	
requirements.	These	age	ranges	also	correspond	to	the	age	ranges	within	which	
BMR	prediction	equations	have	been	generated	for	both	the	Schofield	and	Henry	
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prediction	equations.	Median,	25th	centile	and	75th	centile	PAL	values	were	identified	
for	each	of	these	groups	and	are	shown	in	Table	6.

Figure 2 – Physical Activity Level (PAL) values for children and adolescents (aged 1-18 
years) as a function of age.
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Figure 2.  Physical Activity Level (PAL) values for children and adolescents (aged 1-18 years) 
as a function of age.   
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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.  Boys and girls are 
shown separately.  The publications from which these data points and the mean values in Table 6 were derived are 
detailed in Table 38, Appendix 12. 
 

Table 6.  Physical Activity Level (PAL) values for the age groups 1-3, >3-<10 and 10-18 years 
derived from the DLW data from studies of children aged >1 year*   
  

Age 
group 
(years) 

Age (years) 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 1.39a 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 1.57b 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 1.73c 1.85 1.91 2.19 

* PAL values calculated from DLW-derived TEE and measured or estimated BMR (using Henry equations). 

Adjusting for growth 
 
108. The gross energy deposited in new tissue should be added to the energy expended as a cost 

of tissue deposition.  Only the latter 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 12).  In the context of a factorial model of 
requirements the simplest approach is an adjustment of PAL, as suggested by 
FAO/WHO/UNU (FAO, 2004), which in effect represents growth as a fixed proportion of 

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.	Boys	and	
girls	are	shown	separately.	The	publications	from	which	these	data	points	and	the	mean	values	in	Table	
6	were	derived	are	detailed	in	Table	37,	Appendix	12.
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Table 6  Physical Activity Level (PAL) values for the age groups 1-3, >3-<10 and 10-18 years derived from the DLW data from studies of children aged >1 yeara

Age group 
(years)

Age (years) 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

a	PAL	values	calculated	from	DLW-derived	TEE	and	measured	or	estimated	BMR	(using	Henry	equations).
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Adjusting for growth
The	gross	energy	deposited	in	new	tissue	should	be	added	to	the	energy	expended	108.	
as	a	cost	of	tissue	deposition.	Only	the	latter	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	12).	In	the	context	of	
a	factorial	model	of	requirements,	the	simplest	approach	is	an	adjustment	of	PAL,	
as	suggested	by	FAO/WHO/UNU	(FAO,	2004),	which	in	effect	represents	growth	
as	a	fixed	proportion	of	the	overall	energy	requirement.	Growth	costs	calculated	
as	a	percentage	of	energy	 requirement	are	on	average	 (1-16	years	of	age)	0.98%	
(min=0.4%,	boys,	0.05%,	girls;	max=	1.37%,	boys,	 1.59%,	girls).	This	 indicates	that	a	
single	average	growth	value	calculated	as	1%	of	energy	requirements	could	be	used	
throughout	the	age	range.	Use	of	this	1%	value	will	result	 in	underestimation	of	
overall	energy	requirements	during	the	peak	growth	phase	for	older	children	of	up	
to	0.6%	for	girls	or	0.4%	for	boys.	There	will	be	an	overestimate	by	similar	amounts	
as	growth	slows	in	late	adolescence.	Such	errors	were	not	viewed	to	be	significant	
given	the	overall	variation	in	PAL	values	between	children.	 In	this	report	growth	
costs	were	therefore	accounted	for	by	a	1%	adjustment	of	PAL	values	for	each	age	
group.	These	adjusted	values	are	shown	in	Table	7.

Table 7 Physical Activity Level (PAL) values for use in calculation of energy requirements of 
children and adolescents, adjusted for growth

Age group (years) PALa

Q25c Medianb Q75c

1-<3 1.36 1.40 1.45

3-<10 1.43 1.58 1.70

10-18 1.68 1.75 1.86
a	PAL	adjusted	for	growth	(=PALx1.01)
b	 Population	Estimated	Average	Requirement	 (EAR)	estimates	 for	children	and	adolescents	with	
average	levels	of	physical	activity
c	25th	and	75th	centile	PAL	values	used	to	calculate	energy	requirements	for	children	with	lesser	or	
greater	activity	levels

Calculating energy reference values for children and adolescents
Energy	 reference	 values	 can	 be	 calculated	 for	 boys	 and	 girls	 aged	 1-18	 years	 as	109.	
adjusted	 PAL	 x	 BMR.	 BMR	 values	 are	 estimated	 from	 the	 Henry	 equations	 (see	
Appendix	4),	using	weights	and	heights	indicated	by	the	50th	centiles	of	the	UK-
WHO	Growth	Standards	(RCPCH,	2011)	(ages	1	to	4	years)	and	the	UK	1990	reference	
for	children	and	adolescents	 (Freeman et al.,	 1995).	Growth-adjusted	PAL	values	
representing	 the	 25th	 (less	 active),	 median	 and	 75th	 (more	 active)	 centiles	 of	 the	
PAL	distributions	for	each	age	group	(1-<3,	3-<10	and	10-18	years),	are	then	used	
to	calculate	energy	reference	values	for	boys	and	girls,	for	each	year	(see	Table	8).	
The	reference	weights	used	represent	best	estimates	of	healthy	body	weights	and	
are	about	15%	lower	than	current	UK	weights	(see	Appendix	10).	Thus,	for	those	
children	who	are	overweight	and	for	any	underweight	children,	energy	intakes	at	
these	levels	will	be	associated	with	weight	change.
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Although	it	is	difficult	to	predict	and	make	judgements	about	the	different	activity	110.	
patterns	likely	to	be	associated	with	the	three	PAL	bands	shown	in	Table	8,	it	can	
be	assumed	 that	 the	75th	 centile	 “more	active”	PAL	value	will	 represent	a	more	
desirable	level	of	physical	activity	for	the	maintenance	of	health	and	that	the	25th	
centile	“less	active”	PAL	value	will	represent	a	less	desirable	level.

Table 8 Estimated Average Requirement (EAR) values for energy based on median weights and 
heights from the WHO growth standardsa (ages 1 to 4) and the UK 1990 reference for children and 
adolescentsb for children aged >4 years

Boys Girls Energy requirements MJ/d

Age 
(years)

Boys Girls

Weight 
kg

height
cm

BMRc 
MJ/d

Weight 
kg

height
cm

BMRc 
MJ/d

less 
actived

Popula-
tione

more 
activef

less 
actived

Popula-
tione

more 
activef

1 9.6 76 2.29 9.0 74 2.12 3.1 3.2 3.3 2.9 3.0 3.1

2 12.2 87 3.02 11.5 86 2.78 4.1 4.2 4.4 3.8 3.9 4.0

3 14.4 97 3.46 13.9 96 3.23 4.7 4.9 5.0 4.4 4.5 4.7

4 16.3 104 3.67 16.0 103 3.43 5.3 5.8 6.3 4.9 5.4 5.8

5 18.6 110 3.89 18.2 109 3.63 5.6 6.2 6.6 5.2 5.7 6.2

6 21.0 117 4.14 21.0 117 3.88 5.9 6.6 7.1 5.6 6.2 6.6

7 23.0 123 4.34 23.0 123 4.07 6.2 6.9 7.4 5.8 6.4 6.9

8 26.0 129 4.61 26.0 129 4.32 6.6 7.3 7.9 6.2 6.8 7.4

9 29.0 134 4.87 29.0 134 4.57 7.0 7.7 8.3 6.5 7.2 7.8

10 31.5 138 4.83 32.0 139 4.63 8.1 8.5 9.0 7.8 8.1 8.6

11 34.5 143 5.09 35.9 144 4.84 8.5 8.9 9.5 8.1 8.5 9.0

12 38.0 149 5.38 40.0 149 5.05 9.0 9.4 10.0 8.5 8.8 9.4

13 43.0 155 5.77 46.0 154 5.34 9.7 10.1 10.8 9.0 9.3 10.0

14 49.0 164 6.26 51.0 160 5.60 10.5 11.0 11.7 9.4 9.8 10.4

15 55.5 170 6.75 53.0 162 5.70 11.3 11.8 12.6 9.6 10.0 10.6

16 60.2 173 7.09 55.3 163 5.80 11.9 12.4 13.2 9.7 10.1 10.8

17 64.0 175 7.36 57.0 163 5.87 12.3 12.9 13.7 9.8 10.3 10.9

18 66.2 176 7.52 57.2 163 5.88 12.6 13.2 14.0 9.9 10.3 11.0
a	RCPCH,	2011
b	Freeman	et al.,	1995
c	Calculated	from	the	Henry	equations	based	on	weight	and	height	(see	Appendix	4).
Because	the	Henry	equations	have	overlapping	age	bands	(0-3,	3-10,	10-18	years),	choice	of	equation	
is	ambiguous	at	the	age	boundaries.	Here	the	BMR	equation	for	3-10	year	olds	is	used	for	the	3	year	
olds	and	the	equation	for	10-18	year	olds	is	used	for	those	aged	10	years	on	the	basis	of	a	smoother	
transition	in	the	plot	of	BMR/kg	against	age.
d	Calculated	with	the	25th	centile	PAL	value	adjusted	for	growth	shown	in	Table	7.
e	Calculated	with	the	median	PAL	value	adjusted	for	growth	shown	in	Table	7.
f	Calculated	with	the	75th	centile	PAL	value	adjusted	for	growth	shown	in	Table	7.
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Energy reference values for adults
The	approach	adopted	for	the	determination	of	energy	reference	values	for	adults	111.	
was	to	utilise	a	factorial	model	based	on	BMR	x	PAL.	BMR	is	estimated	for	healthy	
body	weights,	i.e.	weights	equivalent	to	a	BMI	of	22.5	kg/m2	at	the	height	of	the	
population	group	(as	discussed	in	paragraph	92).	Values	listed	are	the	current	mean	
heights	(for	England	and	Scotland24)	at	various	ages.	The	PAL	values	are	identified	
from	an	analysis	of	suitable	DLW	measures	of	TEE.

Estimating BMR
As	 already	 indicated	 there	 are	 several	 different	 equations	 currently	 used	 to	112.	
estimate	BMR	(see	paragraphs	80	and	81,	and	Appendix	4	for	details).	In	this	report,	
the	prediction	equations	of	Henry	(2005)	have	been	used.

Identifying PAL values
The	approach	taken	to	determine	PAL	values	was	to	identify	a	data	set	of	DLW	113.	
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	utilised	in	terms	
of	study	means.	Two	sets	of	individual	data	points	were	also	considered:

a	DLW	data	set	of	individual	values	drawn	from	the	NDNS	(n=66)	(Henderson	•  
et al.,	2003a)	and	Low	Income	Diet	and	Nutrition	Survey	(n=36)	(Nelson et al.,	
2007),	and	values	from	the	unpublished	NDNS	comparison	study	(n=	90	adult)

the	DLW	data	set	(n=767)	assembled	for	the	US	DRI	report	(IoM,	2005)	which		•
includes	most	of	the	UK	studies	published	up	to	the	writing	of	that	report.

With	the	exception	of	the	NDNS	data	sets,	subjects	were	not	recruited	to	these	114.	
studies	explicitly	as	a	representative	sample	of	the	UK	or	any	other	adult	population;	
NDNS	randomly	selects	participants	to	be	representative	of	the	UK	population	
while	recognising	that	there	may	be	recruitment	bias	into	the	DLW	subsample	(as	
discussed	in	paragraph	71).	While	the	NDNS	data	sets	are	most	appropriate,	these	
are	currently	too	small	to	serve	as	a	reference.	All	of	the	published	DLW	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.

Subsequent	 to	 publication	 of	 the	 DRI	 report	 in	 2005,	 two	 large	 population-115.	
based	studies	of	energy	expenditure	measured	using	DLW	have	been	published,	
the	OPEN	study	 (Subar et al.,	 2003;	Tooze et al.,	 2007)	and	the	Beltsville	study	

24	 Representative	data	for	Wales	and	Northern	Ireland	were	not	available.
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(Moshfegh	 et al.,	 2008)	 (see	 Appendix	 8	 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 comprised	an	urban	population	with	subjects	
recruited	from	the	Washington	DC	metropolitan	area.	The	combined	OPEN	and	
Beltsville	cohorts	contained	similar	numbers	of	men	(48%)	and	women	(52%),	with	
levels	of	overweight	and	obesity	very	similar	to	current	UK	levels	reported	in	the	
UK	Health	Surveys	(see	Appendix	10).	Thus,	mean	BMI	values	were	27.0	kg/m2	(F),	
27.5	kg/m2	(M)	compared	with	current	UK	values	of	27kg/m2	(M	and	F);	39%	were	
classified	as	overweight	and	25%	obese,	compared	with	38%	overweight	and	23%	
obese	in	England	in	2009	(NHS	IC,	2010).	From	the	perspective	of	ethnic	mix	and	
body	weights,	this	population	 is	therefore	similar	to	the	current	UK	population.	
However,	no	objective	measures	of	physical	activity	were	made	 in	either	 study	
so	 it	 is	 not	 known	 how	 representative	 the	 distribution	 of	 TEE	 and	 PAL	 values	
is	 of	 the	 UK	 population.	 Individual	 PAL	 values	 from	 both	 studies	 were	 made	
available	 for	 this	 report25.	 BMR	was	measured	 in	 the	Beltsville	 study	but	not	 in	
the	OPEN	study,	so	 in	the	latter	case	BMR	has	been	calculated	using	the	Henry	
BMR	prediction	equations	(Henry,	2005)	based	on	weight	and	height.	As	shown	in	
Figure	9	(Appendix	8),	predicting	BMR	for	an	overweight/obese	population	did	not	
appear	to	introduce	bias	since	the	regressions	of	PAL	on	BMI	for	the	two	cohorts	
were	very	similar.

Table 9 Distribution of Physical Activity Level (PAL) values in the Beltsville and OPEN studiesa,b

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

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

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
a	Beltsville	data	set	(Moshfegh	et al,	2008)
b	OPEN	data	set	(Subar	et al.,	2003;	Tooze	et al.,	2007)

The	 distribution	 of	 PAL	 values	 within	 the	 combined	 data	 set	 (n=929	 individual	116.	
measures),	was	1.01	to	2.61,	as	shown	in	Table	9.	Investigation	of	the	range	of	PAL	
values	observed	in	healthy,	mobile	individuals	with	overall	levels	of	physical	activity	
which	are	sustainable,	indicated	a	range	of	1.38-2.5	(see	Appendix	5)	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	1985	(WHO,	1985).	Thus,	values	below	
1.27	can	be	assumed	to	reflect	either	methodological	error	or	to	be	non	ambulatory	

25	 TEE	data	from	the	OPEN	study	were	obtained	from	Amy	Subar.	TEE	data	from	the	Beltsville	study	was	provided	
by	Alanna	Moshfegh.
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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.	The	combined	data	set	was	therefore	trimmed	for	PAL	values	≤1.27	
or	>2.5.	This	removed	one	subject	with	a	PAL	value	>2.5	and	38	subjects	with	PAL	
values	<1.27.	However,	the	trimming	had	a	minimal	 influence	on	the	distribution	
characteristics	 increasing	 the	 median	 PAL	 value	 from	 1.62	 to	 1.63	 and	 the	 mean	
PAL	value	from	1.64	to	1.66	(see	Table	10).	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	 (see	
paragraph	119-122).

The	derivation	of	EAR	values	using	PAL	values	from	a	predominantly	overweight	117.	
and	obese	population	was	carefully	considered	given	the	objective	of	identifying	
prescriptive	EAR	values	consistent	with	 long	term	health:	 i.e.	values	suitable	for	
weight	 maintenance	 at	 a	 healthy	 body	 weight	 and	 at	 existing	 physical	 activity	
levels.	 For	 those	 subjects	 within	 the	 normal	 body	 weight	 range	 i.e.	 BMI	 18.5	 to	
24.9kg/m2	(n=322,	36%	total),	the	median	PAL	(1.61)	was	not	significantly	different	
from	that	of	the	overweight	or	obese	subjects	for	men	or	women	(see	Table	30,	
Appendix	 8).	 Furthermore,	 investigation	 of	 the	 influence	 of	 BMI	 on	 PAL	 values	
within	 the	combined	data	 set	by	 regression	analysis	 indicated	 that	 PAL	did	not	
significantly	 vary	with	BMI	 (p=0.64	 for	 slope:	R2	 less	 than	0.1%:	 see	Appendix	8	
for	detail).	This	 implies	that	the	rate	of	energy	expenditure,	as	 indicated	by	the	
median	PAL	for	the	cohort	(i.e.	1.63),	is	not	a	specific	characteristic	of	overweight	
or	obesity	and	its	use	in	deriving	prescriptive	EAR	values	consistent	with	healthy	
body	weights	is	justifiable.

Regression	analysis	did	show	that	PAL	values	decrease	slightly	with	age.	However,	118.	
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	years.

Table 10 Physical Activity Level (PAL) value statistics for the combined Beltsville and OPEN 
data setsa,b

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

Trimmedc 890 1.66 0.21 1.27 1.40 1.49 1.63 1.78 1.96 2.50
a	Beltsville	data	set	(Moshfegh	et al,	2008)
b	OPEN	data	set	(Subar	et	al.,	2003;	Tooze	et al.,	2007)
c	Subjects	with	PAL	values	<	1.27(n=38)	and	>2.5	(n=1)	excluded
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Figure 3 – Distribution of Physical Activity Level (PAL) values for trimmed combined 
OPEN and Beltsville data setsa,b
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Figure 3.  Distribution of Physical Activity Level (PAL) values for trimmed combined OPEN 
and Beltsville data setsa,b 

a Beltsville data set (Moshfegh et al, 2008) 
bOPEN data set (Subar et al., 2003; Tooze et al., 2007) 
 

Calculating energy reference values  
 
119. Tables 11 and 12 show energy reference values for men and women respectively.  Specific 

values of TEE and the consequent EAR are calculated from BMR x PAL as a function of 
age, gender, height and BMI.  BMR is calculated with the Henry equations for healthy 
body weights equivalent to a BMI of 22.5kg/m2

.   For illustrative purposes, current mean 
heights of the population are shown for the population at the various age ranges as 
indicated by the Health Surveys for England (data for 2009) (NHS IC, 2010) and Scotland 
(Reilly et al., 2009).  PAL is independent of gender and the change with age is too small 
to have any significant influence.  Thus, a single set of PAL values calculated as the 
median (1.63), 25th (1.49) and 75th (1.78) centile boundaries of the reference population is 
used (see Table 31 and Appendix 8). 

 

120. In the absence of other information on activity, the population EAR values are those 
derived using the median PAL (1.63) as the assumed population activity level.  Reference 
values for population groups of men and women thought to be less or more active than 
average are those calculated from the 25th (1.49) and 75th (1.78) centile boundary PAL 
values and the BMR values shown in Tables 11 and 12.  For population groups of 
different heights, weights can be calculated at a BMI of 22.5 kg/m2, as weight = 22.5 x 
height2.  BMR can be calculated from the Henry (2005) equations (see Appendix 4), and 
population EAR values can be calculated as BMR x PAL (see Tables 11 and 12). 
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Calculating energy reference values
Tables	11	and	12	show	energy	reference	values	for	men	and	women,	respectively.	119.	
Specific	values	of	TEE	and	the	consequent	EAR	are	calculated	from	BMR	x	PAL	
as	a	 function	of	age,	gender,	height	and	BMI.	BMR	 is	calculated	with	the	Henry	
equations	for	healthy	body	weights	equivalent	to	a	BMI	of	22.5kg/m2.	For	illustrative	
purposes,	current	mean	heights	of	the	population	are	shown	for	the	population	
at	the	various	age	ranges	as	indicated	by	the	Health	Surveys	for	England	(data	for	
2009)	(NHS	IC,	2010).	PAL	is	independent	of	gender	and	the	change	with	age	is	too	
small	to	have	any	significant	influence.	Thus,	a	single	set	of	PAL	values	calculated	
as	the	median	(1.63),	25th	(1.49)	and	75th	(1.78)	centile	boundaries	of	the	reference	
population	is	used	(see	Table	31	and	Appendix	8).

In	 the	absence	of	other	 information	on	activity,	 the	population	EAR	values	 are	120.	
those	derived	using	the	median	PAL	(1.63)	as	the	assumed	population	activity	level.	
Reference	values	for	population	groups	of	men	and	women,	thought	to	be	less	or	
more	active	than	average,	are	those	calculated	from	the	25th	(1.49)	and	75th	(1.78)	
centile	boundary	PAL	values	and	the	BMR	values	shown	 in	Tables	 11	and	 12.	For	
population	groups	of	different	heights,	weights	can	be	calculated	at	a	BMI	of	22.5	
kg/m2,	as	weight	=	22.5	x	height2.	BMR	can	be	calculated	from	the	Henry	(2005)	
equations	(see	Appendix	4),	and	population	EAR	values	can	be	calculated	as	BMR	
x	PAL	(see	Tables	11	and	12).
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Table 11 Estimated Average Requirement (EAR) values for energy for groups of men at various 
ages, weights and physical activity levels1, at current mean height for age and a Body Mass Index 
(BMI) of 22.5 kg/m2

EAR MJ/d

Age range
(years) Heighta cm Weightb kg

BMRc 
MJ/day less actived populatione more activef

19-24 178 71.5 7.1 10.6 11.6 12.6

25-34 178 71.0 7.1 10.5 11.5 12.6

35-44 176 69.7 6.7 10.0 11.0 12.0

45-54 175 68.8 6.7 9.9 10.8 11.8

55-64 174 68.3 6.6 9.9 10.8 11.8

65-74 173 67.0 6.0 9.0 9.8 10.7

75+ 170 65.1 5.9 8.8 9.6 10.5

all	adults 175 69.2 6.7 10 10.9 11.9
a	Values	for	illustration	derived	from	mean	heights	reported	in	the	Health	Survey	for	England	2009	
(NHS	IC,	2010)
b	At	BMI=	22.5	kg/m2:	i.e.	weight	=	22.5	x	height2

c	 Calculated	 from	 the	 Henry	 prediction	 equations	 based	 on	 weight	 and	 height,	 where	 BMR	 =	
coefficient	x	weight	(kg)	+	coefficient	x	height	(m)	+	constant	(see	Appendix	4)
d	25th	centile	Physical	Activity	Level	(PAL)	=1.49
e	Median	PAL=	1.63,
f	75th	centile	PAL=1.78

Table 12 Estimated Average Requirement (EAR) values for energy for groups of women at 
various ages and physical activity levels, at current mean height for age and a Body Mass Index 
(BMI) of 22.5 kg/m2

EAR MJ/d

Age range
(years) Heighta cm Weightb kg

BMRc 
MJ/day less actived populatione more activef

19-24 163 59.9 5.6 8.4 9.1 10.0

25-34 163 59.7 5.6 8.3 9.1 10.0

35-44 163 59.9 5.4 8.1 8.8 9.7

45-54 162 59.0 5.4 8.0 8.8 9.6

55-64 161 58.0 5.3 7.9 8.7 9.5

65-74 159 57.2 4.9 7.3 8.0 8.7

75+ 155 54.3 4.7 7.0 7.7 8.4

all	adults 162 58.7 5.4 8 8.7 9.5
a	Values	for	illustration	derived	from	mean	heights	reported	in	the	Health	Survey	for	England	2009	
(NHS	IC,	2010)
b	At	BMI=	22.5	kg/m2:	i.e.	weight	=	22.5	x	height2

c	 Calculated	 from	 the	 Henry	 prediction	 equations	 based	 on	 weight	 and	 height,	 where	 BMR	 =	
coefficient	x	weight	(kg)	+	coefficient	x	height	(m)	+	constant	(see	Appendix	4)
d	25th	centile	Physical	Activity	Level	(PAL)	=1.49
e	Median	PAL=	1.63,
f	75th	centile	PAL=1.78
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The	EAR	values	shown	in	Tables	11	and	12	have	been	calculated	for	subjects	with	121.	
healthy	body	weights	equivalent	to	a	BMI	of	22.5kg/m2,	the	lower	end	of	the	body	
weight	range	associated	with	minimum	mortality	(see	paragraph	92).	For	subjects	
with	BMI	values	greater	than	22.5kg/m2,	energy	intakes	at	these	EAR	levels	would	
be	associated	with	weight	change	towards	a	healthier body	weight.

As	with	the	EAR	reference	values	 for	children,	although	 it	 is	difficult	 to	predict	122.	
and	make	judgements	about	the	different	activity	patterns	likely	to	be	associated	
with	the	three	PAL	bands	shown	in	Tables	11	and	12,	it	can	be	assumed	that	the	75th	
centile	“more	active”	PAL	value	will	represent	a	more	desirable	level	of	physical	
activity	for	the	maintenance	of	health	and	that	the	25th	centile	“less	active”	PAL	
value	will	represent	a	less	desirable	level.

Energy reference values for older adults
Age-related	changes	 in	 lifestyle	and	activity	 are	very	variable	and	 there	 is	 little	123.	
evidence	 that	older	people	have	decreased	physical	 activity	while	 they	 remain	
mobile	 and	 in	 good	 health.	 In	 a	 cohort	 (n=	 302)	 of	 community-dwelling	 US	
older	adults	 (aged	70-82	years)	 (Manini et al.,	2006)	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	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).

In	advanced	age,	PAL	values	can	be	very	low.	In	a	group	of	21	Swedish	men	and	124.	
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	BMR	used	as	the	divisor	of	TEE	to	calculate	PAL	may	have	been	
overestimated	 in	 some	cases	 (Rothenberg et al.,	 2000)).	Another	 study	 in	 free-
living	British	men	(n=23;	all	over	75	years	of	age)	observed	a	mean	PAL	value	of	1.5	
(Fuller et al.,	1996).

Taken	together,	these	data	indicate	that	it	is	difficult	to	generalise	about	the	energy	125.	
requirements	of	older	adults	other	 than	 the	 requirements	are	unlikely	 to	differ	
from	younger	adults	whilst	general	health	and	mobility	are	maintained.	However,	in	
advanced	age	for	those	individuals	with	much	reduced	mobility	it	can	be	assumed	
that	PAL	values	are	likely	to	be	lower.	For	these	individuals	and	for	older	people	
who	are	not	in	good	general	health,	energy	requirements	can	be	based	on	the	less	
active,	25th	centile	PAL	value	of	 1.49,	 recognising	that	for	some	groups	of	older	
people	with	specific	diseases	or	disabilities	or	 for	patient	groups	who	are	bed-
bound	or	wheelchair	bound,	the	PAL	value	may	be	consistently	lower	than	this.

Energy reference values for children, adolescents and adults 
outside the expected range of habitual activities
The	 PAL	 values	 identified	 in	 the	 preceding	 sections	 have	 not	 been	 derived	 in	126.	
relation	to	any	specific	level	of	physical	activity	or	lifestyle	because,	as	discussed	
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in	Appendix	5,	it	has	proved	very	difficult	to	predict	the	PAL	values	of	individuals	as	
a	function	of	lifestyle	or	even	measured	physical	activity.	The	median	PAL	values	
for	children	(see	Table	7)	and	adults	(see	Table	10)	represent	the	midpoint	of	the	
distribution	observed	in	the	reference	population	and,	as	such,	provide	the	best	
estimate	of	the	average	activity	 level	 for	the	population.	 In	the	absence	of	any	
other	 information	on	activity	 this	 value	 is	 the	assumed	population	 level	 and	 is	
used	to	calculate	the	population	EAR.	Based	on	the	literature	(as	summarised	in	
Table	22,	Appendix	5),	the	median	PAL	values	can	probably	be	judged	to	represent	
a	light	activity	lifestyle	for	school	children	and	adults.	The	25th	and	75th	centile	PAL	
values	have	been	identified	for	subject	groups	who	are	less	or	more	active	than	
the	average	and	probably	represent	a	sedentary,	less	desirable	or	moderate	activity,	
more	 desirable	 lifestyle.	 The	 difference	 between	 these	 centile	 values	 and	 the	
median	is	9%	for	adults	and	for	children	aged	>3-<10	years,	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	 by	 FAO/WHO/UNU	 in	 their	 analysis	 of	 energy	 requirements	 of	
children	and	adolescents	(FAO,	2004).	Judging	when	to	assign	subjects	with	the	25th	
less	active	and	75th	more	active	centile	values	as	opposed	to	the	median	population	
PAL	values	poses	a	difficult	problem.	As	shown	in	Table	13,	the	difference	of	±0.15	
PAL	units	 from	the	median	for	adults	corresponds	to	±30	minutes	of	moderate	
intensity	activity	five	times	per	week,	all	other	activities	being	the	same.	However,	
to	date,	it	has	not	proved	possible	to	identify	from	questionnaires	or	activity	logs	
the	actual	behavioural	differences	which	determine	such	variation	in	TEE	in	terms	
of	identifiable	exercise	activities.	Hopefully	this	will	improve	with	the	increasing	
use	 of	 objective	 methods	 of	 physical	 activity	 assessment	 (e.g.	 accelerometers)	
which	can	measure	and	record	a	much	wider	range	of	human	movement	including	
‘incidental’	movement	not	captured	by	questionnaires.

Effects of additional physical activity on energy requirements
Although	the	prediction	of	PAL	values	associated	with	a	specific	lifestyle	cannot	127.	
be	made	with	 any	certainty,	 predictions	of	 the	 likely	 additional	 energy	 cost	of	
well	 defined	 specific	 activities	 can	 be	 made	 with	 reasonable	 confidence	 (see	
Appendix	5).	Estimates	of	the	likely	changes	in	PAL	for	a	range	of	activities	derived	
from	 theoretical	 calculations	 and	 from	 observed	 effects	 to	 the	 change	 in	 PAL	
for	 ten	 minutes	 and	 one	 hour	 of	 activity,	 or	 following	 the	 adoption	 of	 a	 high	
level	physical	activity	training	programme,	are	summarised	in	Appendix	5.	Some	
examples	are	shown	in	Table	13.	These	examples	are	the	likely	increases	in	TEE	(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	provided	 that	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 13 Examples of changes in Physical Activity Level (PAL) associated with increased activity 
(IoM, 2005)a,b

Change in 
PAL Activity

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

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

a	More	examples	are	shown	in	Appendix	5
b	IoM,	2005
c	Equivalent	to	previous	recommendations	from	the	Chief	Medical	Officer	for	England	regarding	
physical	activity	in	adults	(DH,	2004)

Reference energy values during pregnancy and lactation
The	energy	requirements	for	pregnancy	and	lactation	are	calculated	as	increments	128.	
to	 be	 added	 to	 the	 mother’s	 EAR.	 These	 are	 based	 on	 singleton	 pregnancies	
reaching	term.

Ideally,	women	should	begin	pregnancy	at	a	healthy	body	weight	(BMI	18.5-24.9	kg/129.	
m2);	the	EARs	for	non-pregnant	women	identified	in	this	report	are	set	at	amounts	
consistent	with	maintaining	a	BMI	of	22.5kg/m2	(see	paragraphs	90-93).	Women	
who	are	overweight	or	underweight	at	the	beginning	of	pregnancy	are	at	risk	of	
poor	maternal	and	fetal	outcomes	(Han et al.,	2011;	McDonald et al.,	2010;	March	
of	Dimes,	2002;	Stothard et al.,	2009).	For	such	women,	the	relationships	between	
weight	change	during	pregnancy	and	fetal	outcome	are	not	completely	understood.	
Given	this	uncertainty,	a	precautionary	approach	has	been	adopted	and	weight	
loss	 during	 pregnancy	 is	 not	 advised	 (NICE,	 2010).	 The	 EARs	 for	 pregnancy	 and	
lactation	defined	in	this	report	are	therefore	estimates	of	the	incremental	energy	
intakes	likely	to	be	associated	with	healthy	outcomes	for	mother	and	child.	These	
incremental	energy	 intakes	should	be	added	to	EAR	values	calculated	at	actual	
preconceptional	 body	 weights,	 rather	 than	 at	 healthy	 body	 weights	 for	 non-
pregnant	women.

The	 energy	 requirements	 for	 pregnancy	 also	 need	 to	 take	 into	 account	 the	130.	
protection	of	vulnerable	groups.	Adolescents	who	become	pregnant	must	meet	
the	 dietary	 requirements	 imposed	 by	 growth,	 in	 addition	 to	 the	 demands	 of	
pregnancy	and	lactation.	This	is	a	complex	issue.	For	example,	consuming	the	extra	
energy	 needed	 to	 cover	 the	 costs	 of	 pregnancy	 does	 not	 in	 itself	 guarantee	 a	
better	outcome	(Kramer	&	Kakuma,	2003).	Also,	those	under	18	years	of	age	are	
at	greater	risk	than	older	women	of	giving	birth	to	infants	who	are	of	low	birth	
weight	by	virtue	of	pre-term	delivery	or	small	size	for	gestational	age	(FAO,	2004).	
Thus,	pregnancies	up	to	18	years	are	qualitatively	different	and	must	be	considered	
differently.
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Energy costs of pregnancy
The	energy	costs	associated	with	the	maintenance	of	a	normal	pregnancy	arise	131.	
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	activity.	Additional	energy	is	also	required	to	ensure	energy	stores	
are	 sufficient	 to	 support	 adequate	 lactation	 following	 delivery	 (Butte	 &	 King,	
2005).

Gestational weight gain
Gestational	weight	gain	(GWG)	is	the	major	determinant	of	the	incremental	energy	132.	
needs	during	pregnancy.	GWG	determines	not	only	energy	deposition,	but	also	the	
increase	in	BMR	and	the	increase	in	TEE	resulting	from	the	energy	cost	of	moving	a	
larger	body	mass.	The	WHO	Collaborative	Study	on	Maternal	Anthropometry	and	
Pregnancy	 Outcomes	 (WHO,	 1995)	 reported	 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	 GWG	 associated	 with	 birth	
weights	greater	than	3	kg	was	10–14	kg	(mean,	12	kg).

The	 tissue	 deposited	 during	 pregnancy	 includes	 the	 products	 of	 conception	133.	
(fetus,	placenta,	and	amniotic	fluid),	maternal	tissues	(uterus,	breasts,	blood,	and	
extracellular	fluid)	and	maternal	energy	reserves	as	fat.	A	theoretical	model	has	
previously	 been	 used	 to	 estimate	 the	 energy	 requirements	 during	 pregnancy	
(Hytten	 &	 Chamberlain,	 1991).	 This	 assumed	 an	 average	 GWG	 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)	(WHO,	1985).	Since	publication	of	this	model	in	
1991,	a	number	of	longitudinal	studies	in	developed	and	developing	countries	have	
facilitated	the	revision	of	these	theoretical	estimates.

Longitudinal	 studies	of	body	composition	during	pregnancy	 in	well-nourished134.	 26	
women	from	the	UK,	USA,	Netherlands	and	Sweden	have	observed	a	mean	GWG	
of	 11.9	 kg	 at	 36	 weeks	 gestation.	 Extrapolating	 the	 calculations	 to	 40	 weeks	 of	
gestation	suggests	a	total	mean	weight	gain	of	13.8	kg	(Butte	&	King,	2005).

Basal metabolism in pregnancy
In	 studies	 of	 healthy,	 well-nourished	 women	 with	 adequate	 weight	 gain	 during	135.	
pregnancy	who	gave	birth	to	infants	with	adequate	weights,	average	increases	in	
BMR	over	pre-pregnancy	values	have	been	observed	to	be	around	5,	10	and	25%	
in	the	first,	second	and	third	trimesters,	respectively	(Butte	&	King,	2005).	There	is,	
however,	considerable	variation	in	the	cumulative	increase	in	BMR	(Prentice et al.,	
1996b).

In	under-nourished	populations	 such	as	The	Gambia,	 adaptive	changes	 in	BMR,	136.	
and	reduction	in	the	amount	of	additional	maternal	fat	stored	during	gestation,	

26	 The	terms	‘well-nourished’	and	‘under-nourished’	are	generally	not	defined	in	the	original	studies	which	inform	
reference	energy	values	during	pregnancy	and	lactation.
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can	 make	 a	 profound	 difference	 to	 the	 overall	 energy	 needs	 of	 pregnancy	
(Prentice	&	Goldberg,	2000).	The	extent	of	adaptive	changes	in	BMR	that	occur	in	
well-nourished	populations	is	unclear,	but	the	increase	in	BMR	during	pregnancy	
has	been	observed	to	vary	in	response	to	pre-pregnancy	body	fat	content.	Larger	
increases	in	BMR	have	been	observed	in	those	having	a	higher	percent	fat	mass,	
while	increased	energetic	efficiency	in	the	basal	state	(i.e.	a	depressed	BMR)	has	
been	observed	in	thinner	women	(Butte et al.,	2004;	Prentice et al.,	1996b).

Total energy expenditure in pregnancy
The	TEE	of	pregnancy	has	been	measured	 longitudinally	using	DLW	techniques	137.	
in	well-nourished,	 free-living	women	 in	Sweden,	 the	UK	and	 the	USA	 (Butte et 
al.,	 2004;	Forsum et al.,	 1992;	Goldberg et al.,	 1991a,	 1993;	Kopp-Hoolihan et al.,	
1999).	TEE	increased	throughout	pregnancy	in	proportion	to	the	increase	in	body	
weight.	TEE	increased	by	about	1,	6	and	19%,	and	weight	increased	by	2,	8,	and	18%	
over	baseline	in	the	first,	second	and	third	trimesters,	respectively.	The	estimated	
increments	 in	 TEE	 (0.1	 (25),	 0.4	 (95)	 and	 1.5	 (360)	 MJ/day	 (kcal/day)	 in	 the	 first,	
second	and	third	trimesters,	respectively)	are	similar	to	the	increments	observed	
by	24-hour	calorimetry	(Butte	&	King,	2005).	The	average	GWG	was	13.8	kg,	but	for	
a	mean	GWG	of	 12	kg	 (observed	 in	 the	WHO	collaborative	study	 (WHO,	 1995))	
the	corresponding	values	would	be	0.08	(20),	0.35	(85)	and	1.30	(310)	MJ/day	(kcal/
day).

In	the	latter	half	of	pregnancy,	increases	in	body	weight	result	in	increased	energy	138.	
costs	for	activities;	however,	women	may	compensate	for	this	by	reducing	the	pace	
or	intensity	with	which	the	activity	is	performed	(Butte	&	King,	2005;	Prentice et al.,	
1996b).	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	further.

Changes	 in	 PAEE	 (TEE–BMR)	 during	 pregnancy	 are	 highly	 variable,	 but	 when	139.	
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	
values	(Butte	&	King,	2005).	Because	of	the	larger	increment	in	BMR,	PAL	declined	
from	 1.73	 prior	 to	 pregnancy	 to	 1.60	 in	 late	 gestation	 in	 well-nourished	women	
(Butte	&	King,	2005).

In	another	study	of	women	of	varying	pre-pregnancy	BMI140.	 27,	significant	reductions	
in	PAEE	and	PAL	were	also	observed	 in	all	BMI	groups	as	pregnancy	progressed,	
while	BMR	increased	gradually	throughout	pregnancy	(Butte et al.,	2004).	The	same	
study	found	that	excessive	GWG	was	mainly	due	to	fat	mass	gain	and	not	protein	
accretion	(Butte	et al.,	2003a):	GWG	within	the	IoM	recommendations	(Institute	
of	 Medicine	 Food	 and	 Nutrition	 Board,	 1990)	 was	 associated	 with	 appropriate	
birth	 weights	 and	 moderate	 postpartum	 fat	 retention;	 whereas	 women	 who	
gained	weight	above	the	IoM	recommendations	had	significantly	higher	excessive	

27	 Participants	were	grouped	into	healthy	underweight	(BMI<19.8),	normal	weight	(BMI	19.8-26.0)	and	overweight	
(BMI	>26.0)	according	to	1990	Institute	of	Medicine	recommended	GWG	ranges	(Institute	of	Medicine	Food	and	
Nutrition	Board,	1990).
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fat	retention	at	27	weeks	postpartum.	Calculation	of	total	energy	costs	indicate	
that	due	to	the	higher	GWGs,	maternal	 fat	deposition,	and	 increments	 in	BMR,	
increases	in	dietary	energy	intakes	are	required	as	pregnancy	progresses;	increases	
in	BMR	and	energy	deposited	in	maternal	and	fetal	tissues	are	not	fully	offset	by	
reductions	in	physical	activity.	Studies	such	as	this	highlight	the	problems	which	
can	arise	when	energy	costs	of	pregnancy	are	based	on	the	sum	of	TEE	and	energy	
deposition,	since	the	latter	may	reflect	excessive	fat	deposition	which	is	retained	
postpartum.

Calculation of energy requirements for pregnancy
As	discussed	above,	the	energy	cost	of	pregnancy	is	not	evenly	distributed	over	141.	
the	gestational	period	and	this	must	be	considered	when	calculating	the	energy	
requirements	 for	 pregnancy	 (Butte	 &	 King,	 2005).	 Most	 weight	 is	 gained	 in	 the	
second	and	third	trimesters,	at	 rates	of	0.45	kg	per	week	and	0.40	kg	per	week	
respectively,	 compared	 with	 a	 GWG	 of	 1.6	 kg	 in	 the	 whole	 first	 trimester.	 The	
increases	in	BMR	and	TEE	are	most	pronounced	in	the	second	half	of	pregnancy.

The	total	energy	cost	of	pregnancy	can	be	estimated	both	from	the	increment	in	142.	
BMR	and	energy	deposition,	and	from	the	increment	in	TEE	and	energy	deposition.	
These	two	factorial	approaches	provide	slightly	different	distributions,	but	when	
applied	 to	 the	 WHO	 Collaborative	 Study	 on	 Maternal	 Anthropometry	 and	
Pregnancy	Outcomes	mean	GWG	of	12	kg	(WHO,	1995),	the	estimated	extra	energy	
cost	of	pregnancy	is	321	MJ	(77,000	kcal).	This	is	divided	into	approximately	0.35	(85),	
1.2	(285)	and	2.0	(475)	MJ/day	(kcal/day)	for	the	first,	second	and	third	trimesters,	
respectively	(FAO,	2004).	This	is	based	on	the	assumption	that	increments	in	BMR	
and	TEE	are	proportional	to	gestational	weight	gain.

Most	 dietary	 studies	 in	 well-nourished	 women,	 however,	 have	 revealed	 no	 or	143.	
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	(around	20,000	kcal;	or	0.3	MJ/day,	72kcal/day)	over	
the	whole	of	pregnancy	(Prentice et al.,	1996b).	This	is	only	25%	of	the	estimated	
needs	 or	 about	 40%	 if	 allowances	 are	 made	 for	 under-reporting	 of	 energy	
intake85.

Approaches taken in other reports
The	FAO/WHO/UNU	report	(FAO,	2004)	recommends	an	increase	in	food	intake	144.	
of	1.5	MJ/day	(360	kcal/day)	in	the	second	trimester	and	2.0	MJ/day	(475	kcal/day)	
in	the	third,	based	on	a	GWG	of	12	kg	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.	Energy	deposited	as	fat	represents	45%	of	
these	energy	costs.

The	 1.5	 MJ/day	 (360kcal/day)	 increment	 for	 the	 second	 trimester	 represents	 a	145.	
summing	and	rounding	for	ease	of	calculation	of	 1.2	MJ/day	 (285	kcal/day)	and	
0.35MJ/day	(85	kcal/day)	(for	first	trimester)	on	the	grounds	that	women	may	not	
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know	they	are	pregnant	until	the	second	trimester.	This	is	pragmatic,	but	there	is	no	
evidence	that	retrospective	energy	supplementation	of	this	type	alters	outcome	
and	in	circumstances	of	unconstrained	food	intake,	 increased	requirements	may	
have	already	been	achieved	through	an	increase	in	appetite.

The	 US	 energy	 DRI	 for	 pregnancy	 (IoM,	 2005)	 was	 established	 using	 a	 DLW	146.	
database	of	individual	energy	expenditure	measures	of	pregnant	women	with	pre-
pregnancy	BMI	values	of	18.5	up	to	25	kg/m2;	the	measures	were	obtained	from	
studies	 in	British	 (Goldberg et al.,	 1991b,	 1993)	Swedish	 (Forsum et al.,	 1992)	 and	
North	American	(Kopp-Hoolihan et al.,	1999)	women.	GWG	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	(Butte et al.,	2004)	which	
reported	that	TEE,	as	measured	by	DLW,	increased	linearly	at	a	similar	mean	rate	
of	31	±	42.7kJ	(7.4	±	10.2	kcal)	per	week	of	gestation	in	women	with	pre-pregnancy	
BMI	values	of	19.8	to	26.0	kg/m2.	The	total	energy	deposition	during	pregnancy	
was	estimated	to	be	753	kJ/day	(180	kcal/day).	Thus,	the	estimated	requirement	
for	energy	during	pregnancy	was	derived	from	the	sum	of	the	TEE	of	the	woman	in	
the	non-pregnant	state	plus	a	median	change	in	TEE	of	33.5	kJ/week	(8	kcal/week)	
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/day)	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	
1.43	 MJ/day	 (340	 kcal/day)	 and	 1.9	 MJ/day	 (452	 kcal/day),	 respectively.	 As	 with	
the	 FAO/WHO/UNU	 recommendations	 (FAO,	 2004),	 maternal	 fat	 deposition	
accounts	for	a	considerable	part	of	these	recommendations.

The	COMA	DRV	report	(DH,	1991)	set	an	increment	in	EAR	of	0.8	MJ/day	(191	kcal/147.	
day)	above	the	pre-pregnant	EAR	only	during	the	last	trimester,	which	is	equivalent	
to	an	extra	total	 intake	of	75	MJ	(around	18,000	kcal).	 It	was	noted	that	women	
who	were	underweight	at	the	beginning	of	pregnancy,	and	women	who	did	not	
reduce	activity,	may	have	a	higher	EAR.

An	increasing	proportion	of	women	in	the	UK	enter	pregnancy	at	a	weight	exceeding	148.	
the	healthy	range	and,	especially	for	those	who	are	obese,	this	may	place	them	
and	their	babies	at	increased	risk	(McDonald et al.,	2010;	March	of	Dimes,	2002;	
Stothard et al.,	2009).	In	2009,	between	40%	(16-24	years)	and	53%	(35-44	years)	
of	 all	 women	 of	 child-bearing	 age	 were	 either	 overweight	 or	 obese	 in	 the	 UK	
(NHS	IC,	2010)	and	corresponding	mean	BMI	values	(kg/m2)	were	24.8	and	27.2	(see	
Appendix	10).	A	study	of	UK	pregnant	women	(Heslehurst	et al., 2007)	found	that	
the	incidence	of	maternal	obesity	at	the	start	of	pregnancy	had	increased	from	
9.9%	to	16.0%	between	1990	and	2004,	and	predicted	this	would	rise	to	22%	by	
2010	if	the	trend	continued.

Energy reference values for pregnancy
Current	evidence	suggests	that,	in	general,	it	is	unlikely	that	women	in	the	UK	require	149.	
extra	energy	in	the	first	trimester	of	pregnancy	and	compensatory	reductions	in	
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PAEE	during	the	second	and	third	trimesters	are	likely	to	reduce	the	demand	for	
extra	energy	intake	at	this	time.	Furthermore,	although	careful	studies	of	energy	
expenditure	and	deposition	indicate	an	apparent	need	for	additional	energy	(Butte	
et al., 2003a),	such	calculations	include	fat	deposition.	This	is	not	a	determinant	
of	birth	weight	(Butte	et al., 2003a)	and	some	fat	deposition	remains	six	months	
postpartum.	Such	fat	deposition	may	contribute	to	weight	gain	in	women	through	
successive	 pregnancies	 and	 could	 be	 undesirable,	 though	 there	 is	 uncertainty	
about	this.	On	the	other	hand,	there	is	strong	evidence	that	inadequate	GWG	is	
associated	with	decreased	birth	weight	and	fetal	growth	(small	for	gestational	age)	
(Siega-Riz et al.,	2009).	Recommendations	for	constraining	weight	gain	may	also	
be	 inappropriate	 for	 pregnancies	 in	 vulnerable	 groups	 such	 as	 teenagers.	 Taken	
together	and	in	the	absence	of	sufficient	evidence	to	revise	the	recommendation	
made	by	COMA	(DH,	1991),	in	this	SACN	report	it	was	considered	prudent	to	retain	
the	EAR	 for	pregnancy	set	by	COMA	 i.e.	 an	additional	 intake	of	0.8MJ/day	 (191 
kcal/day)	during	the	last	trimester.

Energy costs of lactation
The	amount	of	milk	produced	and	secreted,	the	energy	content	of	the	milk	and	150.	
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,	
thermogenesis	or	the	energy	cost	of	certain	physical	activities,	compensating	for	
these	energy	costs	during	lactation	in	well-nourished	women	(Butte	&	King,	2005).	
Fat	 stores	 that	 accumulate	 during	 pregnancy	 may	 cover	 part	 of	 the	 additional	
energy	needs	in	the	first	few	months	of	lactation.

Variation	 in	 the	 energy	 content	 of	 human	 milk	 is	 principally	 attributable	 to	151.	
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	variation	(Garza	&	Butte,	1986).	The	mean	gross	energy	
content	of	representative	24-hour	milk	samples	analysed	in	a	number	of	studies	
of	well-nourished	women	was	2.80	kJ/g	or	0.67	kcal/g	from	1	to	24	months	(Butte	
&	King,	2005).

The	biological	efficiency	of	converting	dietary	energy	into	human	milk	has	been	152.	
conservatively	estimated	to	be	about	80	to	85%	(Butte	&	King,	2005).	Based	on	
a	 WHO-sponsored	 review	 (Butte	 &	 King,	 2002),	 mean	 milk	 intakes	 through	 six	
months	postpartum	measured	by	the	test-weighing	technique	were	769g/day	for	
women	exclusively	breastfeeding.	This	value	is	an	indicative	average	for	infants	of	
both	sexes	over	the	whole	six	months	of	exclusive	breastfeeding.	Correction	of	
the	mean	milk	intakes	for	the	infant’s	insensible	water	loss	during	a	feed	(assumed	
to	be	equal	to	5%)	gives	a	mean	milk	intake	over	the	first	six	months	postpartum	
of	807g/day	(FAO,	2004)	for	exclusive	breastfeeding.

Calculation of energy requirements for lactation
The	average	total	energy	requirements	associated	with	lactation	can	be	estimated	153.	
by	the	factorial	approach,	whereby	the	cost	of	milk	production	(estimated	from	
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the	amount	of	milk	produced,	energy	density	of	milk	and	the	energetic	efficiency	
of	milk	synthesis	 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	that	on	average	0.72	MJ/day	of	tissue	
stores	may	be	utilised	to	support	lactation	during	the	first	six	months	postpartum	
(Butte	&	King,	2002),	based	on	a	rate	of	weight	loss	of	-0.8kg	per	month	(Butte	&	
Hopkinson,	1998).	This	will	vary	depending	on	the	amount	of	fat	deposited	during	
pregnancy,	lactation	pattern	and	duration.

For	exclusive	breastfeeding	during	 the	first	 six	months	of	 life,	 the	mean	energy	154.	
cost	of	 lactation	over	 the	 six	month	period	 is	2.8	MJ/day	 (675	kcal/day)	based	
on	 a	 mean	 milk	 production	 of	 807g/day,	 energy	 density	 of	 milk	 of	 2.8kJ/g	
(0.67kcal/g),	and	energetic	efficiency	of	0.80.	This	may	be	subsidised	by	energy	
mobilisation	from	tissues	in	the	order	of	0.72	MJ/day	(172	kcal/day)	(Butte	&	King,	
2002),	resulting	in	a	net	increment	of	2.1	MJ/day	(505	kcal/day)	over	pre-pregnancy	
energy	requirements.

The	 estimated	 average	 energy	 requirement	 of	 breastfed	 infants	 in	 the	 first	 six	155.	
months	of	life	is	2.28	MJ/day	(545kcal/day)	(see	Table	5).	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	(669kcal/day).

The	total	energy	requirements	may	also	be	estimated	from	the	sum	of	TEE	plus	156.	
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	 one	 and	 six	 months	
postpartum	 of	 well-nourished	 women	 who	 exclusively	 breastfed	 their	 infants	
(Butte et al.,	2001;	Forsum et al.,	1992;	Goldberg et al.,	1991b;	Lovelady et al.,	1993).	
Milk	energy	output	averaged	2.15	MJ/day	(514kcal/day).

The	US	energy	DRI	for	lactation	(IoM,	2005)	is	based	on	this	approach	and	uses	a	157.	
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.	Based	on	a	milk	energy	output	rounded	to	500kcal/d	and	
an	average	weight	 loss	of	0.8kg/month,	which	 is	equivalent	 to	 170kcal/day,	 the	
recommendation	is	for	an	increment	of	1.38MJ/day	(330kcal/day;	2.1MJ/day	-	0.72	
MJ/day	(500	-	170kcal/day))	for	the	first	six	months.	After	the	first	six	months,	the	
energy	cost	of	lactation	will	depend	on	the	amount	of	breast	milk,	which	is	likely	
to	be	diminishing.

The	 FAO/WHO/UNU	 report	 (FAO,	 2004)	 employs	 the	 factorial	 approach	 and	158.	
recommends	an	increase	in	food	intake	by	2.1MJ/day	(505kcal/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.
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Energy reference values for lactation
Having	reviewed	the	available	evidence,	it	was159.	  agreed	that	the	approach	outlined	
above	(paragraph	157)	adopted	for	the	US	Energy	DRI	report	(IoM,	2005),	should	be	
adopted	for	this	report,	i.e.	an	increment	of	1380kJ/day	(330kcal/day)	for	the	first	
six	months	during	which	time	exclusive	breastfeeding	is	recommended.	Thereafter,	
energy	intake	required	to	support	breastfeeding	will	be	modified	by	maternal	body	
composition	and	the	breast	milk	intake	of	the	infant.

Comparisons with reference values for energy in the 1991 
COMA report
The	energy	reference	values	detailed	in	this	SACN	report	derive	from	a	methodology	160.	
which	differs	from	the	COMA	report	(DH,	1991).	In	contrast	to	the	COMA	report:

Energy	reference	values	have	been	calculated	from	rates	of	TEE	assessed	by	the		•
DLW	method.	This	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	BMR	x	PAL.

BMR	 has	 been	 estimated	 using	 the	 Henry	 prediction	 equations,	 resulting	 in		•
slightly	lower	BMR	values	than	would	have	been	estimated	from	the	modified	
Schofield	equations.

The	revised	population	PAL	values	are	higher.	In	this	report,	a	value	of	1.63	has		•
been	used	as	the	population	PAL	value	for	adults	compared	to	a	PAL	value	of	1.4	
used	by	COMA	in	their	commonly	quoted	summary	table	(Table	2.8;	DH,	1991).

A	prescriptive	approach	has	been	adopted,	calculating	energy	reference	values		•
on	the	basis	of	healthy	body	weights	which	are	slightly	lower	than	those	used	
by	COMA	(DH,	1991).

	 The	 details	 of	 these	 differences	 compared	 with	 previous	 reports	 are	 outlined	
below.	The	use	of	the	Henry	BMR	prediction	equations	is	discussed	in	Appendix	
4;	the	use	of	PAL	values	to	determine	energy	reference	values	is	discussed	further	
in	Appendix	5;	and	a	comparison	of	actual	EAR	values	in	this	and	the	1991	COMA	
report	(DH,	1991)	is	made	in	Appendix	13.

As	 a	 result	 of	 these	 methodological	 differences,	 the	 revised	 EAR	 values	 differ	161.	
from	 COMA	 in	 a	 non-uniform	 way	 for	 the	 various	 age	 groups.	 Compared	 to	
mean	summary	values	reported	by	COMA	(see	Tables	2.6	and	2.8	(DH,	1991)),	the	
revised	EAR	values	are	higher	by	6-9%	and	15-18%	for	adolescent	boys	and	girls	
respectively,	 and	 for	adults	are	3%	higher	 for	men	and	7-9%	higher	 for	women.	
Table	39	(Appendix	13)	provides	a	comparison	of	the	SACN	EAR	values	against	the	
COMA	EAR	values	presented	at	the	same	body	weight	and	PAL	values	as	those	
used	by	SACN.

In	 the	 COMA	 report	 (DH,	 1991)	 insufficient	 DLW	 data	 were	 available	 to	 enable	162.	
calculation	 of	 energy	 reference	 values	 for	 any	 age	 group.	 Such	 data	 that	 were	
available	for	infants	up	to	30	months	were	used	together	with	energy	intake	data	
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to	derive	EAR	values	for	infants	up	to	36	months.	Energy	intake	data	alone	were	
used	for	all	pre-adolescent	children.	A	factorial	approach	was	adopted	for	children	
aged	10-18	years,	predicting	TEE	from	BMR	x	PAL,	and	assigning	PAL	values	of	1.56	
for	boys	and	1.48	for	girls	with	small	additions	made	for	growth	costs.	In	this	SACN	
report	a	median	PAL	value	of	1.75	has	been	used	for	both	boys	and	girls	aged	10-
18	years,	which	 includes	the	growth	costs.	This	 is	 reflected	 in	the	higher	energy	
reference	values	for	adolescents,	especially	girls,	in	this	report.

For	adults,	COMA	(DH,	1991)	discussed	a	matrix	of	PAL	values	varying	by	occupational	163.	
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.	EAR	values	were	
also	defined	for	various	weights	at	nine	PAL	values	between	1.4	and	2.2	(in	Table	
2.7,	DH,	1991).	A	better	understanding	of	the	extent	and	nature	of	the	variation	in	
TEE	within	populations	and	lifestyle	groups	has	clearly	indicated	the	impracticality	
of	predicting	lifestyle-dependent	PAL	values	with	any	precision.	For	adults	in	this	
SACN	report,	PAL	values	of	1.49,	1.63	and	1.78	equate	to	the	25th,	median	and	75th	
centile.	These	values	represent	the	less	active,	typically	active,	and	the	more	active,	
and	can	only	be	equated	to	lifestyles	in	very	general	categories:	i.e.	sedentary,	low	
and	moderate	activity.	However,	simple	recommendations	for	the	likely	influence	
of	changes	 in	activity	on	PAL	values	can	be	made.	This	approach,	adopted	here	
for	children	and	adults,	 is	similar	 in	principle	to	that	recommended	for	children	
and	 adolescents	 by	 FAO/WHO/UNU	 (FAO,	 2004):	 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	years)	have	been	
aggregated,	whereas	FAO/WHO/UNU	(FAO,	2004)	predicted	PAL	values	for	each	
year	of	age	by	regression	analysis	of	the	DLW	data.

Although	not	discussed	as	 such,	COMA164.	 	(DH,	 1991)	 identified	weight-maintaining	
energy	reference	values.	The	present	SACN	report	has	taken	into	account	the	high	
proportion	of	the	population	who	are	overweight	and	obese	and	the	generally	
low	levels	of	physical	activity	in	the	UK,	and	has	adopted	a	prescriptive	approach	
(see	paragraphs	90-93).	This	approach	 is	similar	 in	principle	to	that	taken	 in	the	
FAO/WHO/UNU	report	(FAO,	2004)	which	was	also	prescriptive	(or	“normative”),	
recommending	that	reference	EAR	values	should	be	identified	in	relation	to	height	
and	listing	values	which	would	maintain	BMI	between	18.5	and	24.9	kg/m2.

COMA	 recommended	 that	 the	 general	 adult	 population	 could	 be	 assumed	 to	165.	
have	an	 inactive	 lifestyle.	Accordingly,	 the	population	EAR	was	based	on	a	PAL	
value	of	1.4,	which	is	lower	than	the	25th	centile	PAL	identified	here	(i.e.	1.49)	but	
at	 the	 time	 was	 thought	 to	 be	 an	 appropriate	 value.	 The	 updated	 EAR	 values,	
estimated	from	the	published	DLW-derived	TEE	data	which	have	become	available	
since	1991	and	calculated	using	a	population	PAL	value	of	1.63,	better	reflect	the	
energy	 requirements	 of	 the	 current	 UK	 population.	 Despite	 being	 calculated	
using	a	PAL	value	about	16%	higher	than	that	used	by	COMA,	the	revised	all-adult	
energy	reference	values	reported	here	are	2.8%	higher	for	men	and	7-9%	higher	for	
women.	This	is	explained	by	the	use	of	5-7%	lower	average	body	weight	for	the	
all-age	category	of	adult	men	and	women	and	the	slightly	lower	BMR	values	(see	
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Table	40	in	Appendix	13	for	details).	It	should	be	noted	that	these	revised	values	
are	within	the	range	of	measurement	error/uncertainty.

The	 energy	 reference	 value	 identified	 in	 this	 report	 for	 pregnancy,	 a	 single	166.	
daily	 increment	of	0.8	MJ/day	 (191kcal/day)	 in	 the	 last	 trimester,	 is	 the	same	as	
previously	recommended	by	COMA	(DH,	1991),	but	considerably	lower	than	that	
recommended	 by	 either	 FAO/WHO/UNU	 (FAO,	 2004)	 (1.5MJ/day	 (359kcal/
day)	 during	 the	 second	 trimester	 and	 2.0MJ/day	 (478kcal/day)	 during	 the	 third	
trimester),	or	 in	the	US	DRI	report	 (IoM,	2005)	 (1.43MJ/day	 (340kcal/day)	during	
the	 second	 trimester	 and	 1.9MJ/day	 (454kcal/day)	 during	 the	 third	 trimester)	
(see	 paragraphs	 144-148).	 As	 stated	 above	 (paragraphs	 148-149)	 there	 are	 cogent	
arguments	for	avoiding	excessive	weight	gain,	especially	fat	gain,	in	pregnancy	and	
evidence	for	adaptive	changes	in	energy	expenditure	(paragraph	138)	which	reduce	
the	need	for	additional	 food	energy	 intake.	Although	such	arguments	were	not	
taken	 into	account	 in	the	previous	reports,	 they	are	considered	to	be	valid	and	
sufficiently	 important	 because	 of	 the	 increasing	 prevalence	 of	 overweight	 and	
obesity	to	guide	the	recommendation	in	this	SACN	report.

The	energy	reference	value	identified	here	for	lactation,	an	increment	of	1.38MJ/167.	
day	(330kcal/day)	for	the	first	six	months,	is	the	same	as	previously	recommended	
in	the	US	DRI	report	(IoM,	2005),	but	considerably	lower	than	that	recommended	
for	the	first	six	months	by	either	COMA	(DH,	1991),	an	increment	of	1.9-2.4MJ/day	
(454-574kcal/day)	or	by	FAO/WHO/UNU	(FAO,	2004)	 (2.1MJ/day	(502kcal/day).	
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	 recommended	 by	 FAO/WHO/UNU	
(FAO,	 2004)	 is	 mainly	 due	 to	 the	 inclusion	 of	 a	 scaling	 factor	 for	 milk	 energy	
content	of	+25%	to	take	into	account	an	assumed	inefficiency	of	dietary	energy	
utilisation	 to	provide	 for	milk	energy.	Since	 such	energy	costs	would	appear	as	
increased	TEE	in	lactating	women	and	because	such	increases	are	not	observed	in	
practice,	the	inclusion	of	such	a	scaling	factor	is	unwarranted.
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4	 Conclusions	and	recommendations	

The	requirement	for	energy	for	all	population	groups	was	previously	set	at	the	level	168.	
of	energy	intake	required	to	maintain	body	weight	in	otherwise	healthy	people	at	
their	existing	levels	of	physical	activity	and	to	allow	for	any	special	additional	needs	
(i.e.	growth,	pregnancy	and	lactation).	Measurements	of	total	energy	expenditure	
(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.	The	BMR	is	calculated	for	each	population	
group	from	their	heights	and	reference	body	weights	at	these	heights,	which	are	
specifically	chosen	as	those	likely	to	be	associated	with	long	term	good	health.	
During	growth,	pregnancy	and	lactation	the	energy	cost	of	tissue	deposition	also	
needs	to	be	taken	into	account.

The	 most	 accurate	 practical	 means	 of	 measuring	 TEE	 in	 free-living	 individuals	169.	
integrated	over	days	and	weeks	is	the	doubly	labelled	water	(DLW)	method.	In	this	
method	the	TEE	of	 individuals	 is	computed	 from	estimates	of	CO

2
	production,	

which	 are	 derived	 from	 the	 rate	 of	 loss	 of	 the	 isotopes	 18O	 and	 2H	 from	 the	
body	over	a	period	of	days	 following	 the	administration	of	a	known	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.

Energy	 requirements	 for	 populations	 have	 been	 estimated	 from	 DLW-derived	170.	
measures	of	TEE	 in	reference	populations	together	with	estimates	of	deposited	
energy.	There	are	 two	basic	approaches:	TEE	can	be	modelled	against	different	
anthropometric	characteristics	of	the	reference	population	(e.g.	age,	healthy	body	
weights)	using	regression	equations	which	can	then	be	used	to	predict	TEE	and	EAR	
values	 for	population	groups	with	defined	anthropometric	values.	Alternatively,	
measured	TEE	values	and	measured	or	predicted	BMR	values	from	the	reference	
populations	can	be	used	to	derive	PAL	values.	These	PAL	values	can	then	be	used	to	
estimate	TEE	and	EAR	values	for	population	groups	on	the	basis	of	their	predicted	
BMR	values	at	healthy	body	weights.	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	



75

groups	to	whom	the	EAR	will	be	applied.	Nevertheless,	the	DLW	method	remains	
the	method	of	choice	and	is	more	accurate	than	others	available.

As	 no	 large	 randomised	 population-based	 UK	 studies	 of	 any	 age	 group	 have	171.	
been	conducted	using	DLW,	and	with	measurements	from	the	National	Diet	and	
Nutrition	Survey	as	yet	insufficient	to	serve	as	a	reference	population,	a	variety	of	
other	data	sources	(reference	populations)	have	been	used	to	derive	the	revised	
EAR	values.	Those	identified	as	being	the	most	likely	to	be	representative	of	the	
UK	population	were	as	follows:

For	infants,	a	longitudinal	study	of	healthy	American	infants	comprising	similar		•
numbers	of	breast	fed	and	breast	milk	substitute-fed	infants	(n=76	individuals)	
(Butte	et al.,	2000a).

For	children	and	adolescents,	a	compilation	of	all	identified	mean	study	values		•
for	specific	ages	for	boys	and	girls	 (n=170	mean	study	values	and	about	3500	
individual	measurements)	(Appendix	12).	

For	adults,	two	large	population-based	studies	(Moshfegh		• et al.,	2008;	Tooze	et 
al.,	2007)	of	adult	urban	populations	in	the	US	(n	=	890	individuals;	Appendix	8).	
These	 have	 similar	 demographic	 and	 anthropometric	 characteristics	 as	 the	
current	UK	population	although	some	cultural	differences	may	exist.	

For	older	 adults,	 no	 specific	 representative	data	 set	has	been	 identified	 (see		•
paragraphs	123-125	for	discussion).

The	limitations	of	these	data	sets	(reference	populations)	for	deriving	estimated	172.	
EARs	for	the	UK	population	include	the	small	numbers	of	participants	in	the	infant	
and	at	some	ages	in	the	child	cohorts	and	the	lack	of	younger	adults	aged	18-30	
years	and	older	adults	aged	>80	years	in	the	larger	adult	data	set.	

The	 application	 of	 these	 data	 sets	 to	 the	 determination	 of	 EAR	 values	 is	 as	173.	
follows:

For infants from birth to 12 months • ,	 FAO/WHO/UNU	 energy	 requirement	
recommendations	(Butte,	2005;	FAO,	2004)	were	recalculated	on	the	basis	of	
more	recent	infant	growth	data	from	the	WHO	Multicentre	Growth	Reference	
Study	(WHO	Multicentre	Growth	Reference	Study	Group,	2006).	

For pregnancy and lactation • ,	the	COMA	DRV	(DH,	1991)	and	US	DRIs	(IoM,	2005)	
have	been	used	respectively,	and	reference	values	given	as	incremental	energy	
requirements	for	pregnancy	and	lactation.

For children, adolescents and adults • ,	 revised	 reference	 values	 have	 been	
determined	 using	 a	 factorial	 method	 of	 estimating	 TEE	 from	 BMR	 x	 PAL,	
with	BMR	predicted	for	reference	body	weights	which	can	be	assumed	to	be	
associated	with	long	term	health.

For older adults • ,	evidence	indicates	EAR	values	estimated	for	adults	should	also	
be	applied	whilst	general	health	and	mobility	are	maintained	(see	paragraphs	
124-126).
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The	distribution	of	PAL	values	within	the	reference	population	has	been	used	to	174.	
indicate	a	population	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,	adolescents,	and	for	adults.	These	are	the	
median	 which	 represents	 the	 best	 estimate	 of	 the	 average	 level	 of	 activity	 for	
the	population,	and	the	25th	and	75th	centiles	which	represent	those	who	are	less	
active	and	more	active	than	average.	In	addition,	estimates	of	the	likely	increase	
in	PAL	associated	with	varying	increases	in	activity	levels	(for	example,	increased	
walking,	running	and	participation	in	sport	or	high-level	training	regimes)	are	given.	
The	median	PAL	values	identified	for	adolescents	and	adults	in	this	report	are	1.75	
and	1.63	respectively,	with	1.63	representing	the	median	PAL	value	of	a	reference	
population	 in	 which,	 like	 the	 UK,	 approximately	 60%	 are	 overweight	 or	 obese.	
When	 energy	 expenditure	 is	 impaired	 due	 to	 immobility	 or	 chronic	 illness	 (e.g.	
in	extreme	old	age),	energy	 requirements	can	be	based	on	the	 less	active,	25th	
centile	PAL	value	of	1.49.	For	some	groups	of	older	people	with	specific	diseases	or	
for	patient	groups	who	are	bed-bound	or	wheelchair	bound,	the	PAL	value	may	be	
consistently	lower	than	this	(Tables	11	and	12).

BMR	values	have	been	calculated	on	the	basis	of	healthy	body	weights	as	indicated	175.	
by	the	50th	centile	of	the	WHO	Child	Growth	Standards	(RCPCH,	2011)	(ages	1	to	
4	years),	 the	50th	centile	of	the	UK	1990	reference	for	children	and	adolescents	
(Freeman	et al.,	1995)	aged	over	four	years,	and	equivalent	to	a	BMI	of	22.5kg/m2	at	
current	mean	heights	for	adults,	which	are	consistent	with	long	term	health28.	This	
approach	was	adopted	in	the	context	of	the	high	prevalence	of	overweight	and	
obesity	in	the	UK	and	consequently,	in	contrast	to	the	COMA	EARs,	the	revised	
EAR	values	for	both	children	and	adults	are	prescriptive.	The	exception	to	this	is	
pregnant	women,	where	EARs	are	based	on	actual	pre-conceptual	body	weights	
rather	than	prescriptive	body	weights.	

Due	to	changes	 in	the	methodology	for	determining	both	PAL	values	and	BMR,	176.	
the	revised	EAR	values	in	this	report	differ	from	those	of	COMA	in	a	non-uniform	
way.	The	median	PAL	values	identified	in	this	report	are	higher	than	those	used	by	
COMA	in	their	summary	tables	i.e.	1.56	for	boys,	1.48	for	girls	and	1.4	for	adults.	An	
analysis	of	the	range	and	distribution	of	PAL	values	shows	that	COMA	was	likely	to	
have	underestimated	the	PAL	values	of	generally	sedentary	populations	because	
of	an	under-appreciation	of	the	 influence	of	routine	activities	of	daily	 living	on	
energy	expenditure.	The	use	of	prescriptive	body	weights	which	are	lower	than	
those	used	by	COMA	in	their	summary	tables	means	that	the	BMR	values	used	
in	 the	 SACN	 calculation	 of	 the	 revised	 EARs	 are	 correspondingly	 lower.	 This	 is	
in	addition	to	 the	slightly	 lower	BMR	values	predicted	by	the	Henry	prediction	
equations	used	here	compared	with	the	Schofield	equations	used	by	COMA	and	
by	 FAO/WHO/UNU	 (FAO,	 2004).	 A	 detailed	 comparison	 of	 the	 revised	 SACN	
values	with	those	from	COMA	can	be	found	in	Appendix	13.	

28	 In	adults,	the	healthy	body	weight	range	is	defined	as	a	body	mass	index	(BMI)	between	18.5-24.9kg/m2.	For	the	
purposes	of	calculating	the	revised	EAR	values,	healthy	body	weights	have	been	identified	as	those	associated	
with	a	BMI	of	22.5kg/m2.
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The	reference	population	identified	for	estimation	of	the	adult	energy	reference	177.	
values	comprises	predominantly	overweight	and	obese	individuals	(mean	BMI=28	
kg/m2:	 range	 18-43	 kg/m2),	 and	 is	 similar	 to	 the	 current	 UK	 population	 in	 this	
respect.	 It	 is	 important	to	recognise	that	this	 reference	population	was	used	to	
identify	activity	levels	(as	PAL	values),	rather	than	TEE	values,	and	equivalent	energy	
intakes.	In	fact,	the	median	PAL	value,	1.63,	is	at	the	upper	end	of	the	sedentary-light	
activity	range	identified	by	WHO/FAO/UNU	(FAO,	2004)	(1.4-1.69).	The	similarity	
in	 distribution	 of	 BMI	 to	 that	 in	 the	 current	 UK	 population	 enables	 it	 to	 serve	
as	a	reference	in	terms	of	energy	expenditure.	However,	the	derived	population	
PAL	 value	 should	 not	 be	 assumed	 to	 specifically	 represent	 that	 of	 overweight	
and	 obese	 subjects;	 this	 is	 because	 no	 relationship	 was	 observed	 between	 the	
distribution	of	BMI	and	physical	 activity	 levels	within	 the	 reference	population	
group.	Also,	those	subjects	with	healthy	body	weights	exhibited	the	same	average	
PAL	value	as	those	overweight	and	obese	subjects.	This	observation	indicates	that	
the	risk	of	overweight	and	obesity	i.e.	a	positive	energy	imbalance,	is	independent	
of	measured	PAL	values	(see	Appendix	8,	Table	30).	Nevertheless,	the	importance	of	
proposals	for	increased	physical	activity	for	the	general	health	of	the	population,	
referred	to	in	paragraph	181	and	187	below,	should	not	be	underestimated.	

These	new	population	EAR	values	are	prescriptive	and	calculated	for	body	weights	178.	
thought	 to	be	associated	with	health	benefits	 i.e.	weights	calculated	at	current	
average	 heights	 equivalent	 to	 a	 BMI	 of	 22.5kg/m2	 which	 represents	 the	 lower	
end	of	the	minimum	mortality	range.	Consequently,	EAR	values	will	be	less	than	
energy	 intakes	which	would	maintain	weight	for	those	who	are	overweight.	For	
such	individuals,	reference	energy	intakes	will	be	associated	with	weight	loss.	For	
adults	with	a	BMI	of	30	kg/m2	with	average	levels	of	physical	activity,	intakes	at	
the	new	population	EAR	values	for	energy	would	be	less	than	their	energy	intakes	
for	weight	maintenance	by	on	average	1.8MJ/day	(426Kcal/day)	for	men	and	1.1MJ/
day	(260Kcal/day)	for	women.	

On	the	basis	of	current	evidence,	it	is	not	possible	to	define	the	extent	or	nature	179.	
of	the	impact	of	diet	and	physical	activity	on	the	risk	of	weight	gain	in	any	detail	
(see	Appendix	11)	and	as	 indicated	above	(see	paragraph	177),	observed	variation	
in	 physical	 activity	 levels	 in	 populations	 are	 not	 directly	 related	 to	 variation	 in	
levels	of	overweight	or	obesity.	Nevertheless,	it	is	clear	that	both	physical	activity	
(CMOs,	2011)	and	nutrient	composition	of	the	diet	have	key	roles	in	maintaining	
good	health	(SACN,	2008).	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.	The	EAR	values	calculated	for	a	healthy	body	
weight	and	with	desirable	physical	activity	consistent	with	long	term	health	can	
be	assumed	to	be	those	based	on	the	“more	active”	PAL	value	(i.e.	75th	centile).	For	
overweight	individuals	who	undertake	this	increased	activity,	energy	intakes	at	this	
level	should	mediate	weight	change	towards	a	more	desirable	weight.	
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The	 following	 general	 statement	 describes	 the	 energy	 requirements	 of	 adults,	180.	
with	 the	 principle	 illustrated	 by	 Figure	 4.	 The	 statement	 should,	 however,	 be	
viewed	with	caution	given	the	limitations	of	the	data	(outlined	in	paragraph	182).	
The	population	estimated	average	energy	requirement	is	an	energy	intake	from	a	
nutritionally-balanced	diet	which,	in	subjects	with	healthy	body	weights,	balances	
a	 TEE	 of	 about	 1.63	 (PAL)	 x	 BMR,	 with	 BMR	 varying	 with	 body	 weight,	 age	 and	
gender;	this	value	can	be	assumed	to	be	maintained	in	old	age	as	long	as	subjects	
remain	mobile	and	in	good	health.	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	(PAL)	x	BMR;	PAL	values	can	fall	
as	low	as	1.27	(PAL)	x	BMR	and	may	exceed	2.5,	but	such	low	and	high	values	are	
not	 thought	 to	 be	 sustainable.	 Although	 it	 is	 inherently	 difficult	 to	 relate	 rates	
of	 energy	expenditure	of	 individuals	 or	 small	 population	 groups	 to	 identifiable	
activity	levels,	the	population	(median)	PAL	value	of	1.63	can	be	used.	For	those	
judged	to	be	either	less	or	more	active	than	average,	representative	PAL	values	of	
1.49	and	1.78	are	appropriate.	

For	maintenance	of	healthy	body	weights,	individuals	may	require	less	or	more	than	181.	
these	reference	values,	but	individual	appetite	generally	helps	match	intakes	with	
expenditure.	 For	 those	 leading	 lives	with	 little	physical	 activity,	but	maintaining	
body	 weight,	 health	 benefits	 would	 follow	 from	 increasing	 energy	 expenditure	
and	hence	requirements	by	about	0.15	(PAL)	x	BMR.	This	can	be	achieved	by	150	
minutes	of	moderate	intensity	exercise	per	week	(CMOs,	2011);	a	brisk	walk	of	one	
hour/day	would	result	in	similar	benefit.	For	very	old	people	in	whom	activities	
become	limited,	energy	expenditure	and	requirement	are	likely	to	be	at	the	low	
end	of	the	physiological	range.	For	groups	with	average	activity	levels	and	body	
weights	greater	 than	values	considered	to	be	healthy,	 intakes	at	 the	population	
EAR	level	should	mediate	weight	change	towards	a	more	healthy	weight.	



79

Figure 4 – Schematic representation of energy expenditure and consequent energy 
requirements of men and women as a function of the physical activity (PAL) valuea
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a	The	distribution	of	PAL	values	is	that	of	the	reference	population	discussed	in	Appendix	8.	The	likely	
increases	 in	PAL	 (and	consequent	energy	needs)	 shown	 for	various	activities	are	 those	 identified	 in	
Table	13	and	include	the	current	UK	recommendations	that	adults	participate	in	at	least	150	minutes	of	
moderate	intensity	activity	per	week	(CMOs,	2011).	This	would	result	in	an	increase	in	PAL	of	0.15.	These	
increases	in	activity	are	shown	as	they	would	affect	initial	PAL	values	at	the	25th	centile	and	median	
values,	with	the	increases	indicated	by	the	length	of	the	arrows.	Although	for	those	with	PAL	values	
at	the	25th	centile	the	recommendations	for	increased	activity	will	only	increase	PAL	to	the	median	
level,	this	can	still	be	expected	to	have	health	benefits.	As	explained	in	Table	25,	Appendix	5,	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.

Although	these	revised	EAR	values	are	based	on	a	much	larger	body	of	evidence	of	182.	
measured	TEE	than	was	available	to	COMA	in	1991	(DH,	1991),	it	is	important	to	note	
the	insecurities	which	remain.	These	include	the	applicability	of	the	data	sets	and	
reference	populations	from	which	they	are	derived	to	the	current	UK	population;	
the	paucity	of	data	for	younger	adults	aged	18-30	years	and	for	older	adults	aged	
>80	 years;	 the	 methods	 used	 to	 extract	 PAL	 values	 from	 measured	 TEE	 values	
when	BMR	has	not	been	measured;	the	accuracy	of	the	BMR	prediction	equations;	
and	 the	 measurement	 of	 TEE	 itself	 (see	 Appendix	 5),	 especially	 the	 possibility	
of	methodological	bias	influencing	the	values	for	the	3-10	year	old	children	(see	
Appendix	 12).	 Individual	 activity	patterns	and	consequent	 rates	of	TEE	can	vary	
considerably	over	time,	so	that	measures	collected	over	1-2	week	periods	provide	
no	more	than	a	snapshot	of	habitual	activity.

The	 approaches	 used	 in	 this	 report,	 and	 previously	 by	 COMA	 (DH,	 1991),	 have	183.	
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	public	health	implications;	a	



80

proportion	of	any	group	would	gain	weight	 inappropriately,	while	others	would	
become	under-nourished	if	everyone	received	the	same	energy	intake.	

The	 COMA	 EAR	 values	 (DH,	 1991)	 of	 10.6MJ/day	 (2550kcal/day)	 and	 8.1MJ/184.	
day	 (1940kcal/day)	 as	 average	values	 for	 all	men	and	women	 respectively,29	 are	
commonly	 quoted,	 e.g.	 in	 healthy	 eating	 messages	 to	 consumers.	 These	 figures	
were	rounded	to	obtain	the	commonly	cited	values	of	2500kcal/day	for	men	and	
2000kcal/day	 for	women.	The	continuation	of	use	of	 these	values	will	 require	
thorough	 deliberation.	 The	 COMA	 values	 were	 derived	 using	 average	 weights	
and	with	a	PAL	value	of	1.4.	The	revised	EAR	values	would	indicate	higher	average	
values	for	all	men	and	women	respectively:	10.9MJ/day	(2605kcal/day)	and	8.7MJ/
day	 (2079kcal/day)	 (Table	 16)	 i.e.	 2.8%	 and	 7-9%	 higher	 respectively.	 Given	 this	
relatively	small	difference,	especially	in	the	context	of	the	uncertainty	arising	from	
the	assumptions	made	in	estimating	these	values,	and	given	the	concerns	about	
increasing	obesity,	careful	consideration	should	be	given	to	the	risks	and	benefits	
of	updating	the	values	particularly	as	the	revised	figures	fall	within	the	bounds	of	
measurement	error/uncertainty.	

A	 question	 arises	 as	 to	 whether	 a	 reduction	 in	 population	 energy	 intake,	 as	185.	
recommended	in	this	report,	has	implications	for	intakes	of	other	nutrients.	The	
revised	EAR	values	for	energy	are	based	on	the	assumption	of	both	a	healthy	body	
weight	and	consumption	of	a	balanced	diet	which	will	supply	adequate	 intakes	
of	all	nutrients.	For	population	groups	with	healthy	body	weights,	these	new	EAR	
values	 should	 not	 pose	 any	 risk	 of	 nutrient	 inadequacy.	 For	 those	 population	
groups	showing	a	high	prevalence	of	overweight	or	obesity,	the	new	EAR	values	
indicate	 a	 need	 to	 reduce	 food	 energy	 intake	 if	 physical	 activity	 is	 unaltered.	
Whenever	food	energy	intakes	are	reduced	with	the	intention	of	weight	change	
towards	a	healthier,	lower	body	weight,	particular	care	should	be	taken	to	maintain	
a	balanced	diet	to	minimise	risk	of	nutrient	deficiency;	micronutrient	deficiencies	
have	been	observed	for	some	UK	population	groups	with	unbalanced	diets	(SACN,	
2008).	In	the	case	of	obese	individuals	the	reductions	in	energy	intakes	implied	by	
the	new	prescriptive	EAR	values	will	be	considerable	and	recommendations	for	
such	changes	should	be	accompanied	by	expert	dietetic	advice	on	dietary	nutrient	
balance.	

For	adults,	 the	 revised	EAR	values	are	broadly	similar	 to	the	COMA	EAR	values	186.	
(DH,	 1991)	 while	 for	 infants	 aged	 0-3	 months	 and	 adolescents	 they	 are	 higher.	
Consequently,	the	impact	on	the	achievement	of	adequate	nutrient	intakes	should	
be	 negligible.	 The	 revised	 EAR	 values	 for	 young	 children	 are	 lower	 than	 those	
previously	 set,	 but	 requirements	 for	 micronutrients	 in	 this	 group	 are	 generally	
low	 in	 comparison	 to	 energy	 requirements	 because	 the	 rate	 of	 growth	 slows	
considerably	after	the	first	year	of	 life.	Thus,	the	new	recommendations	should	
have	 minimal	 implications	 for	 this	 group.	 To	 meet	 micronutrient	 requirements,	
individuals	should	be	encouraged	to	consume	a	healthy	balanced	diet	containing	

29	 Table	2.8	Estimated	Average	Requirements	(EARs)	for	energy	for	groups	of	men	and	women	with	physical	
activity	level	of	1.4	(DH,	1991).



81

a	variety	of	foods	 including	plenty	of	fruit,	vegetables,	starchy	foods	and	some	
protein-rich	and	dairy	foods.	

Finally,	 it	 is	 important	 to	 recognise	 that	where	 this	new	 report	 indicates	higher	187.	
than	previous	population	EAR	estimates,	 i.e.	 for	adolescent	boys	and	especially	
girls	and	for	adult	women,	this	does	not	mean	that	these	groups	are	considered	to	
have	increased	their	activity.	Instead,	the	new	values	represent	a	closer	estimation	
of	 energy	 needs	 at	 current	 activity	 levels	 for	 the	 UK	 population.	 In	 fact,	 for	 a	
considerable	proportion	of	all	population	groups	who	are	overweight,	 the	new	
reference	 intakes	 calculated	 for	 desirable	 body	 weights	 will	 be	 less	 than	 their	
current	 intakes	 and	 should	 help	 in	 achieving	 a	 healthier	 body	 weight.	 There	 is	
consistent	evidence	to	support	current	public	health	recommendations	from	the	
UK	health	departments	 regarding	physical	 activity;	 adults	 are	 recommended	 to	
have	at	least	150	minutes	of	moderate	intensity	physical	activity	a	week	(which	can	
be	achieved	by	30	minutes	of	moderate	activity	on	five	or	more	days	of	the	week)	
(CMOs,	2011).	For	children	and	young	people,	a	total	of	at	least	60	minutes	each	
day	of	at	least	moderate	to	vigorous	intensity	physical	activity	is	recommended.	If	
the	UK	population	responds	to	such	recommendations,	PAL	values	would	increase:	
i.e.	closer	to	the	current	75th	centile	identified	for	the	“more	active”	population	for	
whom	an	increase	in	EAR	to	maintain	energy	balance	may	be	appropriate.

Recommendations
Rationale for recommendations
The	Dietary	Reference	Values	(DRVs)	for	food	energy	describe	the	requirements	188.	
for	food	energy	of	the	UK	population	and	its	subgroups	in	health.	The	Estimated	
Average	Requirements	(EAR)	for	energy	for	the	UK	population	and	its	subgroups,	
have	 been	 calculated	 from	 measurements	 of	 total	 energy	 expenditure	 (TEE)	 in	
free-living	 people.	 In	 the	 absence	 of	 growth,	 TEE	 is	 primarily	 the	 sum	 of	 daily	
energy	used	to	maintain	basal	metabolic	rate	(BMR;	metabolism	at	rest)	and	the	
energy	expended	in	physical	activity.	TEE	can	be	expressed	as	a	multiple	of	BMR,	
the	physical	activity	level	(PAL).	Therefore,

TEE	(or	EAR)	=	BMR	x	PAL

	 During	 growth,	pregnancy	and	 lactation,	 the	energy	cost	 associated	with	 tissue	
deposition	or	milk	secretion	must	also	be	taken	into	account.

Body	 weight	 will	 be	 maintained	 with	 energy	 balance	 i.e.	 when	 energy	 intake	189.	
matches	 energy	 balance.	 Any	 sustained	 imbalance	 between	 energy	 intake	 and	
expenditure	will	 lead	to	progressive	weight	gain	or	loss.	 In	the	UK,	a	substantial	
proportion	of	the	population	are	overweight	and	obese.	Obesity	increases	the	risk	
for	a	number	of	diseases	(such	as	type	2	diabetes,	some	cancers,	hypertension	and	
coronary	heart	disease)	and	adverse	pregnancy	outcomes,	and	represents	a	major	
public	health	problem	for	the	UK.

In	recognition	of	the	high	prevalence	of	overweight	and	obesity,	the	revised	EAR	190.	
values	 for	 all	 population	 groups	 (with	 the	 exception	 of	 pregnant	 women),	 are	
prescriptive	in	relation	to	body	weight.	This	means	that	they	are	set	at	the	level	
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of	energy	intake	needed	to	maintain	a	healthy	body	weight.	In	adults,	the	healthy	
body	weight	range	is	defined	as	equivalent	to	a	body	mass	index	(BMI30)	between	
18.5	-	24.9	kg/m2.	For	the	purposes	of	calculating	the	revised	EAR	values,	healthy	
body	weights	have	been	 identified	as	 those	associated	with	a	body	mass	 index	
of	22.5	kg/m2.	The	prescriptive	nature	of	the	revised	EAR	values	means	that	for	
population	groups	who	are	overweight,	the	EAR	values	are	lower	than	the	energy	
intakes	required	to	maintain	weight.	Consequently,	matching	energy	intake	to	the	
EAR	values	will	facilitate	weight	reduction	towards	the	healthy	body	weight	range.	
However,	it	should	be	noted	that	the	revised	EAR	values	are	set	at	existing	levels	
of	physical	activity,	i.e.	a	prescriptive	PAL	has	not	been	used.	EAR	values	set	in	line	
with	current	public	health	recommendations	regarding	increased	physical	activity	
(see	paragraph	201),	would	therefore	be	higher	than	the	revised	values.

The	1991	COMA	EAR	values	for	energy	(DH,	1991)	were	based	on	limited	available	191.	
evidence.	Since	then,	better	measurements	of	TEE	in	a	wide	variety	of	population	
groups	have	substantially	expanded	and	improved	the	evidence	base.	

Following	a	careful	consideration	of	this	evidence,	SACN	recommend	a	revision	192.	
to	the	EAR	values	 for	 food	energy	 for	 infants,	children,	adolescents	and	adults.	
They	are	intended	only	for	use	in	healthy	populations	and	are	not	intended	for	
individuals	or	groups	that	require	clinical	management.

BMR	should	be	calculated	using	the	Henry	prediction	equations	(see	Appendix	4).193.	

Exclusive	 breastfeeding	 is	 recommended	 for	 about	 the	 first	 six	 months	 of	194.	
life,	 however,	 recognising	 that	 infants	 are	 fed	 in	 a	 variety	 of	 ways,	 separate	
recommendations	 are	 therefore	 made	 for	 exclusively	 breast-fed,	 breast	 milk	
substitute-fed	 infants	 and	 where	 the	 mode	 of	 feeding	 is	 mixed	 or	 not	 known.	
Reference	 values	 for	 infants	 have	 been	 calculated	 from	 measurements	 of	 TEE	
plus	allowances	for	energy	deposited	in	new	tissue.	The	latter	were	calculated	by	
combining	weight	incremental	data	from	the	WHO	Multicentre	Growth	Reference	
Study	(2006)	with	estimates	of	energy	deposited	in	new	tissue.	

30	 Body	Mass	Index	(BMI).	An	index	of	weight	adequacy	and	obesity	of	older	children	and	adults,	calculated	as	
weight	in	kilograms	divided	by	the	square	of	height	in	metres.
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Table 14 Revised Estimated Average Requirements (EAR) for infants 1-12 months

Age (months) EAR a

Breast-fed Breast milk 
substitute-fed

Mixed feeding or 
unknown b

MJ/kg per 
day (kcal/ 
kg per day) 

MJ/day 
(kcal/day)

MJ/kg per 
day (kcal/ 
kg per day)

MJ/day 
(kcal/day)

MJ/kg per 
day (kcal/ 
kg per day)

MJ/day 
(kcal/day)

Boys

1-2 0.4	(96) 2.2	(526) 0.5	(120) 2.5	(598) 0.5	(120) 2.4	(574)

3-4 0.4	(96) 2.4	(574) 0.4	(96) 2.6	(622) 0.4	(96) 2.5	(598)

5-6 0.3	(72) 2.5	(598) 0.4	(96) 2.7	(646) 0.3	(72) 2.6	(622)

7-12 0.3	(72) 2.9	(694) 0.3	(72)	 3.1	(742) 0.3	(72)	 3.0	(718)

Girls	

1-2 0.4	(96) 2.0	(478) 0.5	(120) 2.3	(550) 0.5	(120) 2.1	(502)

3-4 0.4	(96) 2.2	(526) 0.4	(96) 2.5	(598) 0.4	(96) 2.3	(550)

5-6 0.3	(72) 2.3	(550) 0.4	(96) 2.6	(622) 0.3	(72) 2.4	(574)

7-12 0.3	(72) 2.7	(646) 0.3	(72) 2.8	(670) 0.3	(72) 2.7	(646)
a	Calculated	as	TEE	+	energy	deposition	(kJ/day)	as	in	Table	5.
b	These	figures	should	be	applied	for	infants	when	there	is	mixed	feeding	and	the	proportions	of	
breast	milk	and	breast	milk	substitute	are	not	known.

The	population	PAL	values	estimated	by	COMA	in	1991	(i.e.	1.56	for	boys,	1.48	for	195.	
girls,	and	1.4	for	adults)	were	underestimated.	Even	relatively	sedentary	populations	
exhibit	higher	rates	of	PAEE	than	previously	thought.	Median	PAL	values	of	1.75	for	
adolescents	and	1.63	for	adults	are	thought	to	reflect	current	UK	average	activity	
levels	better.

The	revised	population	EARs	for	children	aged	1-18	years	old,	based	on	the	50196.	 th	
centile	of	weights	from	the	UK-WHO	Growth	Standards	(ages	1-4	years)	(RCPCH,	
2011)	 and	 the	 UK	 1990	 reference	 for	 children	 and	 adolescents	 (ages	 5-18	 years)	
(Freeman	et al.,	1990)	are:
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Table 15 Revised population Estimated Average Requirements (EAR) for children aged 1-18 years 
olda

EAR MJ/d (kcal/d)

Age (years) PALb Boys Girls

1 1.40 3.2	(765) 3.0	(717)

2 1.40 4.2	(1004) 3.9	(932)

3 1.40 4.9	(1171) 4.5	(1076)

4 1.58 5.8	(1386) 5.4	(1291)

5 1.58 6.2	(1482) 5.7	(1362)

6 1.58 6.6	(1577) 6.2	(1482)

7 1.58 6.9	(1649) 6.4	(1530)

8 1.58 7.3	(1745) 6.8	(1625)

9 1.58 7.7	(1840) 7.2	(1721)

10 1.75 8.5	(2032) 8.1	(1936)

11 1.75 8.9	(2127) 8.5	(2032)

12 1.75 9.4	(2247) 8.8	(2103)

13 1.75 10.1(2414) 9.3	(2223)

14 1.75 11.0	(2629) 9.8	(2342)

15 1.75 11.8	(2820) 10.0	(2390)

16 1.75 12.4	(2964) 10.1	(2414)

17 1.75 12.9	(3083) 10.3	(2462)

18 1.75 13.2	(3155) 10.3	(2462)
a	Calculated	from	BMR	x	PAL.	BMR	values	are	calculated	from	the	Henry	equations,	using	weights	
and	heights	indicated	by	the	50th	centiles	of	the	UK-WHO	Growth	Standards	(ages	1-4	years)	and	
the	UK	1990	reference	for	children	and	adolescents.
b	Physical	Activity	Level

The	revised	population	EAR	values	for	adults,	calculated	using	a	PAL	value	of	1.63	197.	
and	BMR	values	calculated	at	weights	equivalent	to	a	BMI	of	22.5kg/m2	at	current	
mean	heights	for	age	are:
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Table 16 Revised population Estimated Average Requirement (EAR) values for adults

Age range (years) Men Women

Height
cma

EAR
MJ/d (kcal/d)b

Height 
cma

EAR
MJ/d (kcal/d)b

19-24 178 11.6	(2772) 163 9.1	(2175)

25-34 178 11.5	(2749) 163 9.1	(2175)

35-44 176 11.0	(2629) 163 8.8	(2103)

45-54 175 10.8	(2581) 162 8.8	(2103)

55-64 174 10.8	(2581) 161 8.7	(2079)

65-74 173 9.8	(2342) 159 8.0	(1912)

75+ 170 9.6	(2294) 155 7.7	(1840)

All	adults 175 10.9	(2605) 162 8.7	(2079)
a	Values	for	illustration	derived	from	mean	heights	in	2009	for	England	(Health	Survey	for	England	
2009)	(NHS	IC,	2010)	
b	Median	PAL=	1.63

These	revised	values	apply	to	all	adults,	unless	energy	expenditure	is	impaired	due	198.	
to	immobility	or	chronic	illness,	e.g.	in	extreme	old	age.	For	this	group	a	lower	PAL	
value	of	1.49	should	be	used.	

For	some	population	groups,	the	revised	population	EAR	values	are	higher	than	199.	
previous	 estimates.	 This	 should	 not	 be	 interpreted	 to	 mean	 that	 these	 groups	
have	increased	their	activity	and	thus	need	to	eat	more,	but	rather	that	the	new	
values	represent	a	closer	approximation	of	energy	needs	at	current	activity	levels,	
estimated	using	updated	methodology.

For	pregnancy	and	lactation,	the	COMA	DRV	(DH,	1991)	and	US	DRIs	(IoM,	2005)200.	
are	 advised,	 respectively.	 For	 pregnancy	 an	 increment	 of	 0.8MJ/d	 (191kcal/d)	
above	the	pre-pregnancy	EAR31,	during	 the	 last	 trimester	only,	 is	 recommended.	
This	assumes	that	the	majority	of	women	in	the	UK	enter	pregnancy	adequately	
nourished	and	that	there	are	decreases	in	physical	activity	during	pregnancy	that	
may	partly	compensate	for	the	increased	energy	costs.	 It	also	assumes	that	the	
woman	 has	 completed	 her	 growth;	 this	 may	 not	 be	 the	 case	 for	 adolescents	
entering	pregnancy.	For	lactation,	an	increment	of	1.4MJ/d	(335kcal/d)	in	the	first	
six	months	is	recommended.	

There	 is	 consistent	 evidence	 that	 increasing	 physical	 activity	 is	 associated	 with	201.	
reductions	in	the	risk	of	chronic	diseases	such	as	coronary	heart	disease,	stroke	
and	 type	 2	 diabetes,	 and	 the	 risk	 of	 preventable	 death	 (DH,	 2004).	 It	 may	 also	
reduce	the	risk	of	becoming	obese	provided	energy	expenditure	 is	greater	than	
energy	 intake.	 If	 the	 UK	 population	 respond	 to	 recommendations	 to	 increase	
physical	activity,	PAL	values	would	increase	and	would	be	closer	to	the	current	75th	
centile	identified	for	the	‘more	active’	population.	EAR	values	would	also	increase	
as	a	result.

31	 It	is	important	to	note	that	energy	requirements	for	pregnant	women	are	based	on	actual	pre-conceptional	
body	weights	rather	than	healthy	body	weights	for	non-pregnant	women	(see	paragraph	129).
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These	 recommendations	offer	 the	best	estimates	of	EAR	values	 for	population	202.	
subgroups.	Values	for	individuals	will	vary	considerably.	Those	population	groups	
with	 BMI	 values	 greater	 than	 25kg/m2	 are	 likely	 to	 benefit	 from	 reduced	 food	
energy	intakes.	Increased	physical	activity	is	also	likely	to	benefit	health,	and	may	
help	 reduce	 body	 weight	 particularly	 if	 combined	 with	 a	 reduction	 in	 energy	
intake.	

Research Recommendations
Scientific	evidence	has	expanded	considerably	since	the	previous	COMA	report	203.	
(DH,	1991).	However,	gaps	in	the	data	to	enable	estimation	of	energy	requirements	
remain	and	in	particular,	data	are	lacking	for	younger	adults	aged	18-30	years	and	
for	older	adults	aged	>80	years,	and	are	limited	for	infants	and	children.	

The	PAL	values	 identified	 in	this	report	derive	from	data	sets	 in	which	TEE,	and	204.	
in	most	cases	BMR,	have	been	measured.	This	can	be	considered	to	be	the	best	
and	most	appropriate	available	evidence.	Nevertheless,	uncertainties	exist	about	
some	of	the	data	which	has	been	used	and	specific	UK	population	groups	are	also	
unrepresented	within	these	data	sets.	Notably,	the	adult	PAL	values	used	in	this	
report	are	derived	from	USA	study	populations	and	further	investigation	is	needed	
both	 to	 establish	 PAL	 values	 for	 the	 UK	 population	 and	 the	 health	 outcomes	
associated	with	them.	

In	order	to	improve	future	recommendations	for	energy	requirements	research	in	205.	
the	following	areas	is	required.

Measurements of TEE
There	 is	 insufficient	 understanding	 of	 the	 variation	 in	 energy	 expenditure,	 and	206.	
hence	energy	requirements,	within	individuals	over	time	and	between	individuals	
because	 of	 behavioural	 differences	 (i.e.	 spontaneous	 physical	 activity)	 are	 not	
currently	described	in	lifestyle	assessments.	 It	 is	also	not	clear	why	the	average	
value	and	distribution	of	PAL	appears	to	be	the	same	in	subjects	who	are	obese	
compared	with	those	with	normal	weight.	Therefore:

Intra-individual	variation	in	DLW	measures	of	TEE	needs	to	be	characterised.	•

Improved	understanding	in	all	age	groups	of	the	relationship	between	patterns		•
of	physical	activity,	in	terms	of	its	intensity	and	amount,	and	TEE,	body	weight	
maintenance	and	long	term	health	is	needed.	This	will	enable	the	identification	
of	reference	values	for	physical	activity	which	in	turn	will	allow	EAR	values	to	
be	defined	in	terms	of	prescriptive	values	in	relation	to	physical	activity.

Identifying	new	and	improving	existing	objective	measures	of	energy	expenditure,		•
especially	those	which	allow	integrated	measurements	of	TEE	comparable	to	
the	DLW	method,	is	required.

Specific population groups
The	database	of	DLW-derived	TEE	values	for	children,	adolescents,	adults	aged		•
18-30	years	and	those	aged	>80	years	should	be	expanded.	



87

Further	 investigation	 is	 required	 to	 improve	 understanding	 of	 the	 marked		•
variation	in	physiological	changes	in	energy	requirements,	expenditure	and	body	
composition	in	relation	to	pregnancy	outcomes	for	mother	and	child	especially	
in	relation	to	maternal	fat	gain	and	its	post-pregnancy	retention.

There	 is	 a	 lack	 of	 evidence	 to	 establish	 energy	 requirements	 for	 overweight		•
and	obese	women	during	pregnancy.	The	effectiveness	and	safety	of	maternal	
weight	management	during	pregnancy	needs	to	be	clarified	to	inform	advice.

Further	 data	 on	 the	 relationship	 between	 energy	 intake	 and	 the	 quality	 and		•
quantity	 of	 growth	 in	 infants,	 regardless	 of	 the	 mode	 of	 feeding,	 should	 be	
collected.

Understanding	of	 the	potential	 interaction	of	diet	composition	and	physical		•
activity	 in	body	weight	regulation	and	the	development	and	maintenance	of	
obesity	should	be	improved.	

Activity	patterns	and	values	for	TEE	in	older	age	groups	likely	to	be	associated		•
with	the	maintenance	of	mobility	and	reduced	risk	of	morbidity	and	mortality	
need	to	be	identified.

Prediction of the BMR
The	predictive	accuracy	of	the	Henry	equations	for	BMR	within	the	current	UK		•
population	needs	to	be	established.	
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Appendix 1 – SACN working procedures

Meetings 

Energy Requirements Working Group meetings
The SACN Energy Requirements Working Group was established in 2005. The 207. 
Working Group met three times in 2005, twice in 2006 and 2007, three times again 
in 2008, then twice in 2009 and one final time in 2010. At the final meeting, the 
Working Group considered the comments received in response to the consultation 
on the draft report (see below). The minutes of all the meetings are available on 
the SACN website (www.sacn.gov.uk).

Main SACN meetings 
The draft report was considered by the full Committee in its February 2009 and 208. 
June 2010 meetings and by correspondence.

Consultation 
The draft report was published on the SACN website on 5 November 2009. 209. 
Interested parties were invited to submit comments relating to the science of the 
report by 11 February 2010. 

Submissions were received from the following organisations and individuals. 210. 

1. British Dietetics Association (BDA)

2. British Nutrition Foundation (BNF)

3. Professor Elisabet Forsum, Linköping University, Sweden

4. Professor Jeya Henry, Oxford Brookes University

5. Ki Performance (Consultants) Limited

6. Medical Research Council Human Nutrition Research (MRC-HNR), Cambridge

7. Public Health Nutrition Research Group, University of Aberdeen

8. Safefood

9. School Food Trust

10. Sugar Bureau

11. Professor JT Winkler, London Metropolitan University

The Working Group’s response to all the submissions is available on the SACN 211. 
website (www.sacn.gov.uk). 
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Appendix 2 – Energy yields from 
substrates

This Appendix provides details on the energy provided by different macronutrients 212. 
and alcohol 

Fat
The amount of energy yielded from fat in food varies slightly with the type of 213. 
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 metabolisable 
energy (ME) 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 
(GE). 

Carbohydrate
The amount of energy yielded from different carbohydrates in food varies according 214. 
to the molecular form i.e. glucose, disaccharides and starch, the actual available 
energy content per unit weight is 15kJ (3.6 kcal/g), 16kJ (3.8 kcal/g) and 17kJ (4.0 
kcal/g) respectively. FAO/WHO/UNU (FAO, 2004), however, has 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, 
this 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. It should be noted that this method is 
used in the UK but not in all other countries. In the USA, for example, carbohydrate 
is calculated by difference, i.e. from total dry weight of food minus protein, fat and 
ash. This method includes unavailable carbohydrate (i.e. dietary fibre) and other 
non-carbohydrate components (e.g. lignin, organic acids, tannins, waxes, Maillard 
products) in the calculated value. This means that for an average diet, total energy 
intakes can be 12% higher and carbohydrate intake 14% higher when carbohydrate 
by difference is used in dietary analysis compared with available carbohydrate 
analysed directly. As a result, estimates of the extent of under-reporting in dietary 
surveys in the USA (Subar et al, 2003) are often lower than those in the UK (Dr 
Alison Lennox32, personal communication). 

Other carbohydrates may also provide energy. Fermentation of non-starch 215. 
polysaccharides (NSPs) 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 suggested (FAO, 2003). The 

32 Dr Alison Lennox is Head of Population Nutrition Research at the Medical Research Council Human Nutrition 
Research, Cambridge.
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UK food composition table energy values only include carbohydrate expressed as 
monosaccharide (FSA, 2002). 

Protein 
The amount of energy yielded from protein in food can vary according to both 216. 
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, in relation to 
the net metabolisable energy (NME), the immediate metabolic fate of amino 
acids absorbed into the body includes deamination and other reactions which 
contribute to the TEF. However, this energy loss is usually ignored. The ME 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. The average energy yield will usually be 
close to the assumed ME content because dietary protein usually represents a 
mixture of several animal and plant protein sources.

Alcohol
Alcohol yields 29 kJ (6.9 kcal) per gram consumed. Alcohol oxidation starts rapidly 217. 
after absorption, and alcohol is eventually completely eliminated by oxidation 
(Prentice, 1995; Schutz, 2000) so that it does not directly add to body energy stores. 
Consumption of alcohol can modestly activate the hepatic de novo lipogenesis 
pathway, but some of the acetate produced in the liver by alcohol dehydrogenase 
(the major quantitative fate of ingested ethanol (Siler et al., 1999)) is released into 
plasma and inhibits adipose tissue lipolysis. This influence on tissue fuel selection 
can reduce fat oxidation and contribute to an increase in adiposity. The results 
from studies on the magnitude of the TEF after alcohol consumption vary, with 
reported values ranging between 9% and 28% (Prentice, 1995; Raben et al., 2003). 
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Appendix 3 – Components of energy 
expenditure and factors affecting it

Components of energy expenditure

Basal and resting metabolism
The basal metabolic rate (BMR) is a standardised measure of an individual’s 218. 
metabolism in a basal, postabsorptive state: i.e. while awake and resting. This is a 
standardised metabolic state corresponding to the situation at thermoneutrality 
when food and physical activity have minimal influence on metabolism. 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 paragraph 228), 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.

Physical activity
Physical activity is a complex and multi-dimensional behaviour taking place in a 219. 
variety of domains: in transportation, domestic life, occupation and recreation 
(Wareham & Rennie, 1998). The dimensions of a specific physical activity are 
defined as its volume, frequency, intensity, time and type.

‘Physical activity’, ‘exercise’, and ‘physical fitness’ are terms that describe different 220. 
concepts. Physical activity is defined as any bodily movement produced by the 
contraction of skeletal muscles resulting in energy expenditure (Caspersen et 
al., 1985). Exercise is a subset of physical activity that is planned, structured, and 
repetitive; its final or intermediate objective is the improvement or maintenance of 
physical fitness and/or health. 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 tests (Caspersen et al., 1985).

Physical activity-related energy expenditure (PAEE) is quantitatively the most 221. 
variable component of total energy expenditure (TEE), usually accounting for 25-
50% of energy requirements and up to 75% of energy requirements (Westerterp, 
1998) in extreme situations which 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.

The energy costs of different physical activities can be expressed as multiples of 222. 
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): a fixed rate of oxygen consumption assumed to represent that of 
an adult measured at supine rest (defined as 3.5 ml oxygen consumption/kg body 
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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 weight (IoM, 2005). The physical activity level (PAL), the ratio of daily energy 
expenditure to BMR, used in TEE calculations is discussed in Appendix 5.

The role of physical activity in raising TEE depends on the intensity and duration 223. 
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 two hours and a 
smaller, more prolonged effect lasting up to 48 hours (Speakman & Selman, 2003). 
The EPOC varies with exercise intensity and duration. The effects of long term 
exercise training on BMR, however, are less clear (Speakman & Selman, 2003).

Spontaneous physical activity and non-exercise activity 
thermogenesis
Spontaneous physical activity (SPA) is a term used to describe all body movements 224. 
associated with activities of daily living, change of posture and ‘fidgeting’ (Ravussin 
et al., 1986). 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 doubly 
labelled water (DLW) (Snitker et al., 2001; Zurlo et al., 1992). SPA displays an inverse 
relationship with future weight gain (Zurlo et al., 1992) and it has therefore been 
described as a putative obesity subphenotype (Snitker et al., 2001). 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 228). It is described as 
“a useful paradigm to quantify an individual’s propensity to locomotion under 
standardized conditions” (Snitker et al., 2001).

Non-exercise activity thermogenesis (NEAT) is another term used to describe the 225. 
additional energy expenditure attributable to spontaneous physical activities 
other than volitional exercise, during everyday activities (Levine et al., 1999). Like 
SPA, NEAT has been implicated in energy balance regulation following observations 
in overfeeding studies that subjects exhibiting high levels of NEAT (Levine et al., 
1999) displayed a resistance to fat gain. More recently, 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 dancing (Levine, 
2004), 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.

Although both SPA and NEAT may be used to describe “fidgeting” in popular parlance, 226. 
they are each likely to involve a much wider range of behaviours influencing energy 
expenditure. Thus, SPA as an “individual’s propensity to locomotion” (Snitker et 
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al., 2001) is likely to exhibit itself in terms of the non volitional choices between 
low and high expenditure activities which are a continuous feature of daily living 
(e.g. 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 that can occur within any domain. As such, SPA is potentially 
quantifiable as the technology for measuring movement and activity improves.

SPA, with its potential magnitude, and large between-individual but small within-227. 
individual variation, represents a behavioural phenotype which is likely to 
significantly influence individual energy expenditure independently of lifestyle 
categories.

Other components of energy expenditure

Thermic effect of food
The thermic effect of food (TEF) or heat increment of feeding can be attributed 228. 
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 and 
is usually assumed to account for 10% of energy intake (Kleiber, 1975). 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.

Factors affecting energy expenditure

Body size and composition
Energy expenditure is related to body size, mainly in terms of weight and to a 229. 
lesser extent height. In general, larger people have more tissue mass than smaller 
people and therefore have a higher BMR.

The metabolically active tissue mass of the body is termed fat-free mass (FFM) 230. 
and comprises muscle, bone, skin and organs. FFM is the principal determinant of 
inter-individual variation in BMR and RMR, after adjustment for body size (Byrne et 
al., 2003; Heymsfield et al., 2002; Illner et al., 2000; Johnstone et al., 2005; Muller 
et al., 2004; Nelson et al., 1992; Wang et al., 2000; Weinsier et al., 1992). Fat mass 
(FM) has been observed to account for a small amount of the inter-individual 
variation in BMR and RMR in most studies (Cunningham, 1991; Ferraro & Ravussin, 
1992; Fukagawa et al., 1990; Johnstone et al., 2005; Karhunen et al., 1997; Muller et 
al., 2004; Nelson et al., 1992; Svendsen et al., 1993; Weinsier et al., 1992), but not all 
(Bogardus et al., 1986; Segal et al., 1987).

In adults, variation in the composition of FFM, after adjustment for body size, may 231. 
also account for a small amount of the inter-individual variation in BMR and RMR 
(Gallagher et al., 1998; Garby & Lammert, 1994; Heymsfield et al., 2002; Illner et al., 
2000; Sparti et al., 1997).
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In infants, children and adolescents, there is an increase in BMR with age, due to 232. 
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 three to six months, which 
declines to about 27% by 12 months of age (Butte et al., 2000b). 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 accentuated 
(Tanner, 1990). 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 age (Tanner, 1990).

Body mass and body composition have been shown to impact on PAEE and TEE in 233. 
children (Ekelund et al., 2004a; Johnson et al., 1998) and adults (Black et al., 1996; 
Butte et al., 2003b; Carpenter et al., 1995; Goran et al., 1993a; Mâsse et al., 2004; 
Plasqui et al., 2005; Roberts & Dallal, 1998; Rush et al., 1999; Schulz & Schoeller, 
1994).

In adults, however, on a population basis and up to a moderate level of fatness 234. 
(BMI <30 kg/m2), the relative proportions of FFM and FM are probably unlikely 
to influence TEE in ways other than through their impact on body weight (Durnin, 
1996). 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 activities (Prentice et al., 1996c).

Overweight and obese individuals have been shown to have higher absolute TEE 235. 
than normal weight individuals, because of the effect of a higher BMR associated 
with increased body size (FM and FFM (Das et al., 2004; Prentice et al., 1996a)). 
Because weight gain in men contains a higher proportion of FFM than in women, 
the increase in BMR with BMI is greater in men than women. For example, within the 
Beltsville DLW cohort examined in this report (Moshfegh et al., 2008) (Appendix 
8), the slope of the regression of measured BMR on BMI in men was twice that in 
women. The observed increase in TEE is not in direct proportion to body weight 
since, when expressed per kg, both TEE and PAEE decline with increasing BMI 
(Prentice et al., 1996a). Nevertheless, the decline in PAEE/kg with increasing BMI is 
relatively shallow, decreasing in the combined OPEN (Subar et al., 2003; Tooze et 
al., 2007) and Beltsville (Moshfegh et al., 2008) adult DLW data sets used in this 
report by only 1% for each one unit increase in BMI. Because of this, even though 
this cohort included a wide range of BMI values (14.4 to 51 kg/m2: mean=27 kg/
m2), BMI explained less than 5% of the variance in PAEE and was not significantly 
correlated with either PAL values or the residuals from a multiple regression of age, 
weight, height and gender on TEE. This lack of any obvious difference in behaviour 
in terms of PAEE with increasing obesity is probably explained by any reduction 
in weight-bearing activity with increasing obesity cancelling out the increasing 
energy cost of such activities.
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Gender
Gender differences in TEE largely reflect differences in body size and composition, 236. 
with less FFM and more FM/kg in women than men. Thus, absolute and per kg TEE 
is lower in women. In most studies, BMR and TEE are observed to be lower in girls 
(Goran et al., 1994a; Goran et al., 1995; Kirkby et al., 2004) and women (Arciero et 
al., 1993; Carpenter et al., 1998; Dionne et al., 1999; Ferraro et al., 1992; Poehlman 
et al., 1997) even after adjustment for body size and composition; however, some 
studies have observed no differences in TEE between sexes after adjustment for 
FFM in children (Ekelund et al., 2004a) and adults (Blanc et al., 2004; Klausen et 
al., 1997).

In pre-menopausal women, a small increase in BMR, RMR, sleeping metabolic rate 237. 
and TEE during the luteal phase of the menstrual cycle, has been observed in 
several studies (Bisdee et al., 1989; Day et al., 2005; Ferraro et al., 1992; Hessemer & 
Bruck, 1985; Howe et al., 1993; Lariviere et al., 1994; Meijer et al., 1992; Melanson et 
al., 1996; Pelkman et al., 2001; Reimer et al., 2005; Solomon et al., 1982; Webb, 1986), 
although not all (Diffey et al., 1997; Kimm et al., 2001; Li et al., 1999; Piers et al., 1995). 
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 RMR (Day et al., 2005). 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 phase (Bisdee et al., 1989), but results from studies investigating the effect 
of contraceptive drug use on energy expenditure have been equivocal (Bisdee et 
al., 1989; Day et al., 2005; Diffey et al., 1997; Eck et al., 1997; Ferraro et al., 1992; 
Hessemer & Bruck, 1985; Howe et al., 1993; Kimm et al., 2001; Lariviere et al., 1994; 
Li et al., 1999; Meijer et al., 1992; Melanson et al., 1996; Pelkman et al., 2001; Piers et 
al., 1995; Reimer et al., 2005; Solomon et al., 1982; Webb, 1986).

Age
There is a decline in BMR with older age and this is mainly attributable to the 238. 
progressive loss of FFM observed with aging (Kyle et al., 2001); however, a small 
decline in BMR with age, independent of any age-related changes in FFM, has been 
observed in most cross-sectional studies (Bosy-Westphal et al., 2003; Johnstone 
et al., 2005; Kim et al., 2002; Klausen et al., 1997; Pannemans & Westerterp, 1995; 
Piers et al., 1998; Poehlman et al., 1991; Roberts et al., 1995b; Vaughan et al., 1991; 
Visser et al., 1995), but not all (Cunningham, 1980; Das et al., 2001). 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 
(Bosy-Westphal et al., 2003).

It is unclear whether changes in the BMR with age are entirely a result of changes 239. 
in body composition or whether this is related to other factors, e.g. a decline in 
sodium-potassium ATPase activity (see paragraph 16), decreased muscle protein 
turnover, and changes in mitochondrial membrane protein permeability (Wilson 
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& Morley, 2003). 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 hypertrophy (Bosy-Westphal et al., 2003).

PAEE has been observed to decline with aging (Roberts & Rosenberg, 2006; Wilson 240. 
& Morley, 2003), but the results from studies investigating an effect of aging on 
diet-induced thermogenesis have been inconsistent (Kunz et al., 2000; Melanson 
et al., 1998).

Genetics
Genetic inheritance potentially influences all factors affecting inter-individual 241. 
variation in energy expenditure, e.g. body size and composition, and a familial 
influence on RMR, independent of FFM, age, and sex, has been reported (Bogardus 
et al., 1986; Bouchard et al., 1989). Genotype association studies have largely been 
restricted to candidate genes whose dysfunction might reasonably be expected to 
have an effect on energy expenditure.

Overall, the results do not show a consistent effect on energy expenditure of any 242. 
of the different genotypes studied thus far: the adrenoceptors (ADRB1 (Dionne et 
al., 2002; Nagai et al., 2003); ADRB2 (Oomen et al., 2005); ADRB3 (Dionne et al., 
2001; Gagnon et al., 1996; Hojlund et al., 2006; Rawson et al., 2002; Rissanen et al., 
1997; Shiwaku et al., 2003; Tchernof et al., 1999) the leptin receptor gene (Loos et 
al., 2006; Stefan et al., 2002; Wauters et al., 2002), the mitochondrial uncoupling 
protein genes (UCP1 (Oppert et al., 1994; Ukkola et al., 2001; Valve et al., 1998); 
UCP2 (Astrup et al., 1999; Kimm et al., 2001; Klannemark et al., 1998; Maestrini et 
al., 2003; Ukkola et al., 2001; Walder et al., 1998; Yanovski et al., 2000); UCP3 (Kimm 
et al., 2001; Ukkola et al., 2001) sodium-potassium ATPase genes (ATP1A1, ATP1BL1) 
(Deriaz et al., 1994) or the intestinal fatty acid binding protein 2 gene (Kim et al., 
2001; Sipilainen et al., 1997).

Several other individual studies have found associations between energy 243. 
expenditure and genotypes for the glucocorticoid receptor gene (Di Blasio et al., 
2003), interleukin-6 gene (Kubaszek et al., 2003), melanocortin-4 receptor gene 
(Rutanen et al., 2004; Krakoff et al., 2008) and the dopamine D2 receptor gene 
(Tataranni et al., 2001). Genome wide association studies, in several populations, 
have detected significant linkage on several chromosomes with measures of energy 
expenditure (Cai et al., 2008; Wu et al., 2004; Norman et al., 1998).

There have, as yet, been no clearly established relationships between specific 244. 
genotypes and energy expenditure.

Genetics of obesity
Many studies have examined possible hereditary factors predisposing to human 245. 
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 intake (O’Rahilly & Farooqi, 
2006). Genome-wide association studies have shown genetic variation in the FTO 
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gene (a 2-oxoglutarate-dependent nucleic acid demethylase gene (Gerken et al., 
2007) to be associated with FM and obesity across multiple populations (Dina 
et al., 2007; Frayling et al., 2007; Hinney et al., 2007; Hunt et al., 2008; Kring et 
al., 2008; Scuteri et al., 2007), 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) (Frayling et al., 2007). The genetic variation in the FTO 
gene has also been implicated in appetite control (Cecil et al., 2008; Timpson et 
al., 2008; Wardle et al., 2008; Wardle et al., 2009), but not energy expenditure, 
after adjustment for body size (Berentzen et al., 2008; Cecil et al., 2008; Do et al., 
2008). The association between FTO variants and obesity has been observed to 
be reduced in those who are more physically active (Rampersaud et al., 2008) and 
accentuated in those who are less physically active (Andreasen et al., 2008). 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.

Ethnicity
Differences in body composition and FFM composition exist between different 246. 
ethnic groups, e.g. between white and black (Jones, Jr. et al., 2004) and white and 
Asian populations (Soares et al., 1998; Wouters-Adriaens & Westerterp, 2008).

Most studies, although not all (Blanc247.  et al., 2004; Kushner et al., 1995; Lawrence 
et al., 1988; Nicklas et al., 1997; Sun et al., 1998), suggest that BMR, adjusted for 
differences in FFM and FM, is lower in black subjects than white subjects (Albu et 
al., 1997; Blanc et al., 2004; Carpenter et al., 1998; Chitwood et al., 1996; Forman et 
al., 1998; Foster et al., 1997; Foster et al., 1999; Gannon et al., 2000; Jakicic & Wing, 
1998; Kaplan et al., 1996; Kimm et al., 2001; Lovejoy et al., 2001; Morrison et al., 1996; 
Sharp et al., 2002; Sun et al., 2001; Treuth et al., 2000a; Weinsier et al., 2000; Weyer 
et al., 1999; Wong et al., 1999; Yanovski et al., 1997). 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 (Byrne, 2003; Gallagher, 
2006; Hunter, 2000; Jones et al., 2004; Tershakovec, 2002).

Racial differences in BMR, adjusted for body weight, between Asian and white 248. 
subjects/populations appear to be accounted for by differences in FFM and 
FM (Soares et al., 1998; Wouters-Adriaens & Westerterp, 2008). Differences in 
body composition, therefore, appear to be mainly responsible for the reported 
differences in energy expenditure between ethnic groups.

Endocrine state
As discussed above (paragraph 237), sex hormones may affect energy expenditure. 249. 
Other hormones have also been implicated in the regulation of energy 
expenditure.
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Thyroid status is a major determinant of metabolic rate. Hyperthyroidism increases 250. 
while hypothyroidism decreases RMR (Danforth & Burger, 1984). It is unclear, 
however, whether variation within the normal physiological range of plasma 
thyroid hormone, tri-iodothyronine (T

3
), concentration is associated with variation 

in BMR, independently of FFM (Al Adsani et al., 1997; Astrup et al., 1992; Bernstein 
et al., 1983; Johnstone et al., 2005; Muller et al., 1989; Obarzanek et al., 1994; Onur 
et al., 2005; Rosenbaum et al., 2000; Svendsen et al., 1993; Toubro et al., 1996; Van 
Wymelbeke et al., 2004; Welle et al., 1990).

Plasma noradrenaline concentration has been observed to be associated with 251. 
RMR, adjusted for FFM (Rosenbaum et al., 2000; Toubro et al., 1996), but not all 
studies have found this association (Obarzanek et al., 1994).

The hormone leptin is involved in energy balance and is produced primarily 252. 
in white adipose tissue; it is subject to acute regulation, particularly by the 
sympathetic nervous system (Trayhurn, 2001). It is unclear whether variation in 
plasma leptin concentration is associated with variation in RMR, adjusted for 
FFM and FM (Bobbioni-Harsch et al., 1999; Filozof et al., 2000; Haas et al., 2005; 
Johnstone et al., 2005; Jorgensen et al., 1998; Kennedy et al., 1997; Nagy et al., 1997; 
Neuhauser-Berthold et al., 2000; Nicklas et al., 1997; Pauly et al., 2000; Roberts 
et al., 1997; Salbe et al., 1997; Satoh et al., 2003; Toth et al., 1997; Wauters et al., 
2002). Some of the discrepancies observed may reflect problems in accounting 
for the confounding effects of FM on plasma leptin concentration (Neuhauser-
Berthold et al., 2000). Administration of leptin has not been shown to affect RMR 
(Hukshorn et al., 2000; Hukshorn et al., 2003a; Hukshorn et al., 2003b; Mackintosh 
& Hirsch, 2001; Rosenbaum et al., 2002), 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 (Rosenbaum et al., 2003; Rosenbaum et al., 2005). The influence of leptin on 
energy expenditure is, therefore, unclear.

Metabolic stress and fever have also been observed to increase BMR; this is 253. 
discussed in Appendix 9.

Pharmacological agents
Smoking has been shown to increase energy expenditure to a small extent 254. 
probably through the sympathoadrenal activation by nicotine (Collins et al., 1994; 
Kimm et al., 2001; Perkins, 1992). Caffeine also increases energy expenditure to a 
small extent (Arciero et al., 1995; Astrup et al., 1990) with an additive thermogenic 
effect to nicotine (Arciero et al., 1995; Collins et al., 1994; Jessen et al., 2003; 
Perkins et al., 1994). For alcohol, while no acute effect has been observed (Perkins 
et al., 1996), alcoholics have a higher RMR, adjusted for FFM, than healthy, social 
drinking controls (Addolorato et al., 1998) which falls with abstinence from alcohol 
(Addolorato et al., 1998; Levine et al., 2000).

Administration of glucocorticoids (Chong255.  et al., 1994; Tataranni et al., 1996), 
adrenaline (Diepvens et al., 2007; Fellows et al., 1985), amphetamines and some 
anti-obesity drugs (Heal et al., 1998) have all been shown to increase energy 
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expenditure; whereas, the administration of opiates (Swinamer et al., 1988) and 
barbiturates (Dempsey et al., 1985) reduce energy expenditure. Growth hormone 
administration may increase energy expenditure (Wallace et al., 2002), but this may 
be partly explained by increased FFM (Hansen et al., 2005). β-blockers (β-adrenergic 
antagonists) have also been shown to reduce RMR (Jung et al., 1980).

Environment
With cold exposure, increasing energy expenditure can occur by shivering 256. 
thermogenesis and increasing muscular activity (Haman, 2006), although this is 
unlikely to be a significant contributor to energy expenditure for those living at 
relatively constant ambient temperatures.

Studies of adult subjects executing a standard daily activity protocol at different 257. 
ambient temperatures (16 to 28°C) varied over the short-term, identified an inverse 
association of ambient temperatures with sedentary TEE (Blaza & Garrow, 1983; 
Buemann et al., 1992; Dauncey, 1981; Valencia et al., 1992; van Marken Lichtenbelt et 
al., 2001; van Marken Lichtenbelt et al., 2002; Warwick & Busby, 1990; Westerterp-
Plantenga et al., 2002). Whether ambient temperature influences RMR, however, is 
less clear (Blaza & Garrow, 1983; Buemann et al., 1992; Dauncey, 1981; Lean et al., 1988; 
Valencia et al., 1992; van Marken Lichtenbelt et al., 2001; van Marken Lichtenbelt et 
al., 2002; Warwick & Busby, 1990; Westerterp-Plantenga et al., 2002).

Seasonal variation in measures of energy expenditure, adjusted for FFM have also 258. 
been reported, with increased energy expenditure during colder months (Bitar 
et al., 1999; Goran et al., 1998a; Plasqui et al., 2003; Plasqui & Westerterp, 2004). 
Seasonal differences in physical activity levels may also occur (Haggarty et al., 
1994).

Overall, these studies suggest that the variation in energy expenditure due to 259. 
differences in environmental temperature can account for about 2-5% 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 have much impact on energy requirements in the UK.
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Appendix 4 – Basal metabolic rate 
prediction equations 

The factorial calculation of energy reference values as a basal metabolic rate 260. 
(BMR) multiple for any population group identified in relation to age, gender and 
size, requires appropriate BMR prediction equations. The FAO/WHO/UNU report 
(FAO, 2004) calculated BMR with Schofield equations (Schofield et al., 1985) (see 
Table 17). It has been shown that Schofield prediction equations may overestimate 
BMR in many communities; therefore alternative prediction equations, the Henry 
equations (see Tables 18 and 19), based on either weight or both weight and height 
have been developed (Henry, 2005).

The validity of all published prediction equations for resting energy expenditure 261. 
was tested in US and Dutch cohorts (separately) of overweight and obese adults 
(body mass index (BMI) range 25-40) aged 18–65 years (Weijs, 2008). The US cohort 
was a subset of those in the Dietary Reference Intakes (DRI) doubly labelled water 
(DLW) database (IoM, 2005). Against the US cohort, the accuracy of the Henry 
equations (% of subjects predicted within ±10% of the measured resting metabolic 
rate, (RMR)) was 79%, which was as good as, or better than, all other equations 
tested, including the Schofield equations (69% accurate). Against the Dutch cohort 
however, all prediction equations performed less well. 

The two sets of prediction equations (Schofield 262. et al., 1985 and Henry 2005) were 
tested against a larger US cohort DRI DLW database (IoM, 2005) in which BMR 
values were measured for most subjects (n=767, age 20-96, BMI 18.5-62 kg/m2, 
men n=334; women n=433). The calculated statistics included accuracy, the root 
mean squared error (RMSE), and the mean, minimum and maximum % difference 
(bias) between estimated and measured RMR, as well as mean values for BMR and 
physical activity level (PAL).

The comparison is shown in Table 20.263.  The differences between these prediction 
equations were small, but both Henry prediction equations, especially those based 
on weight and height, performed slightly better than the Schofield equations. The 
inclusion of height, as well as weight, is particularly appropriate as the range of 
healthy adult body weights used in this report was generated from BMI and height 
categories. Height was included in the original Schofield equations (Schofield et 
al., 1985), however, height is not generally included when these equations are used. 
Although there does not appear to have been any recent validation within the 
current UK population, the Henry equations based on weight and height were 
chosen to estimate BMR in this report.
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Table 17  Prediction equations for BMRa: Schofieldb

Gender Age (years)     BMR (MJ/day)     BMR (kcal/day)

Weight
coefficient constant

Weight 
coefficient constant

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
a Coefficients and constants shown for equations of the form BMR = weight coefficient x weight 
(kg) + constant
b Equations as quoted by FAO/WHO/UNU (FAO, 2004) which derive from Schofield et al., 1985. 
These differ slightly from those quoted by Henry (2005) which derive from the modified Schofield 
equations (DH, 1991).

Table 18  Prediction equations for BMRa: Henryb weight and height 

Gender Age (years)     BMR (MJ/day)     BMR (kcal/day)

Weight
coefficient

Height
coefficient constant

Weight
coefficient

Height
coefficient 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

a Coefficients and constants shown for equations of the form BMR = weight coefficient x weight 
(kg) + height coefficient x height (m) + constant
b Henry, 2005



106

Table 19  Prediction equations for BMRa: Henry weightb 

Gender Age (years)     BMR (MJ/day)     BMR (kcal/day)

Weight 
coefficient constant

Weight 
coefficient 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

a Coefficients and constants shown for equations of the form BMR = weight coefficient x weight 
(kg) + constant
b Henry, 2005

Table 20  Comparison of BMR prediction equations against the US DRI data seta

 

BMR PAL  Accuracyb RMSE Bias%

Mean sd Mean sd % Mean Mean Min Max

kcal/d    kcal/d    

Reported 1524 300 1.71 0.29    

Predicted values

Henry weight and 
heightc 1514 273 1.71 0.29 73 114 -0.32 -33 35

Henry weightc 1509 292 1.72 0.30 70 121 -0.32 -33 35

Schofield/FAOd 1531 278 1.69 0.28 69 123 1.33 -36 43
a IoM, 2005
b percentage of subjects predicted within ±10% of the RMR measured
c Henry, 2005
d FAO, 2004 
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The Henry BMR prediction equations are based on the age bands 18-30 years, 264. 
30-60 years and >60 years. The age bands used in this report do not exactly match 
those presented for the Henry BMR prediction equations and there is no Henry 
prediction equation for BMR for all ages. The following Henry BMR prediction 
equation age bands were therefore used to calculate predicted BMR for the age 
bands used in this report. 

Table 21  Clarification of the Henry BMR prediction equation age bands applied in this report

SACN EAR age bands (years) Henrya BMR prediction equation age bands

19-24 18-30

25-34 18-30

35-44 30-60

45-54 30-60

55-64 30-60

65-74 >60

75+ >60

All Adults 30-60
aHenry, 2005

When creating BMR prediction equations, there is insufficient data to allow 265. 
equations to be generated for narrow age bands. Consequently, age bands tend 
to be wide and it is difficult to avoid the overlap between the age bands used 
for the Henry equations and those used in this SACN report, as seen in Table 21. 
The approach outlined in this table was considered reasonable because the BMR 
values estimated using the Henry age bands generally describe average BMR for 
each age band in this report.

In this report, one of the two large data sets of DLW measures of total energy 266. 
expenditure (TEE) (Subar, 2003) did not measure BMR values. As a result, it was 
necessary to estimate BMR values using the Henry equations and these BMR values 
were then used to extract PAL values as measured TEE/estimated BMR = PAL.
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Appendix 5 – 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
The daily rate of total energy expenditure (TEE) for individuals or groups can be 267. 
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 PAL x BMR, each of which represents a physiologically 
generalisable and predictable term. The introduction of the concept by FAO/
WHO/UNU in 1985 (WHO, 1985) 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 TEE 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 expressed (Carpenter et al., 1995; 
Goran, 2005) 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.

Firstly, it has been implied (Goran, 2005) that this factorial approach is not 268. 
sufficiently evidence based. This presumably refers to the approach as introduced 
by FAO/WHO/UNU (WHO, 1985) 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 physical activity ratio (PAR) values (activity cost/BMR). As discussed 
below (paragraphs 278-282), there are limitations with PAL values determined in 
this way but direct assessment of PAL from measured TEE and BMR is evidence 
based.

Secondly, it is argued that body weight predicts more of the variance in TEE 269. 
than BMR 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 BMR” (Goran, 2005). Body weight 
could explain more of the variance in TEE than BMR when a) variability of physical 
activity is relatively small, and b) any influence of weight on physical activity is 
very marked. In fact, within the data sets examined here, there is little evidence 



109

that these conditions apply. For the adult data set (Appendix 8), 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. For adults in the 
DLW data sets published in the US DRI report (IoM, 2005), in a multiple regression 
with weight and BMR, the BMR coefficient (regression coefficient 0.71, p value = 
<0.0001) was more influential than weight (regression coefficient: 0.05, p = 0.18), 
which may indicate that BMR explained a larger proportion of the variance of 
TEE than weight. For children (Carpenter et al., 1995), although variance in physical 
activity energy expenditure (PAEE) is less marked than in adults, nevertheless within 
the US DRI data set for children, BMR explained slightly more of the variance in 
TEE than weight (regression coefficient = 0.59 for BMR and 0.37 for weight). Thus, it 
is not the case that body weight predicts more variance in TEE than BMR.

Since the difference between TEE and BMR is mainly PAEE, which will account for 270. 
the variance not explained by the BMR, TEE can be assumed to be composed of 
multiples of BMR, especially in adults but also in children. On this basis, regression 
models of TEE with body weight are arguably physiologically limited since they 
fail to account for an important between-individual source of variation in energy 
expenditure, which is physical activity energy expenditure (PAEE). Regression 
residuals indicate the range of between-individual variation in TEE and are highly 
correlated with PAEE and PAL but also include any variation in the BMR component 
of TEE as a function of the anthropometric variables. Within the adult DLW-
determined TEE data set (see Appendix 8), the residuals of a regression of TEE 
on gender, weight, height and age account for much less of the variance in PAEE 
(TEE – BMR) in women (68%) compared with men (91%), when examined by linear 
regression. Given that there are no gender differences in PAL values, the most 
likely explanation of this relates to the gender differences in BMR as a function of 
weight, and the adequacy of partitioning differences in the BMR component of the 
TEE between men and women with a single term in the regression equation. This 
shows that whereas PAEE is a physiologically transparent quantity, the regression 
residuals are not. Furthermore, the absolute magnitude of the residual range is 
less than that of PAEE because residuals comprise only the difference between 
average PAEE predicted in the regression and individual values. Their maximum 
range as a fraction of maximum PAEE is 77%, which is a similar value to the slope 
of their regression on PAEE. This means that the residuals cannot strictly be used 
as an unambiguous measure of variance in PAEE in terms of their magnitude and 
distribution. As a result, the use of residuals in terms of predictors of the likely 
range of variation in PAEE within population groups is limited and they have not 
been used as such in any previous report.

Thirdly, a theoretical argument against the BMR multiple approach has been 271. 
presented (Goran, 2005) that: “the PAL model assumes a linear relationship 
between TEE and BMR 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 BMR or weight invalidates the use of 
the traditionally used ratios (i.e. TEE/BMR or TEE/body mass) for expressing total 
energy expenditure data”.
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The BMR multiple approach as used in this report makes no assumptions about 272. 
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. 
From this, 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. Indeed in the case of gender, which could 
influence TEE as some have suggested through gender differences in PAEE as well 
as through its known influence on BMR, a multiple regression approach to the role 
of gender on TEE would be unable to distinguish between these possibilities. Only 
the factorial approach based on measured BMR, measured TEE and calculated PAL 
allows any gender influences on PAL to be examined in a straightforward way. This 
has been the approach adopted for this report.

Much of the criticisms and confusion over the BMR multiple approach arise from 273. 
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 age and weight. 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. It is therefore 
not surprising that this has been observed by Carpenter et al (1995). In the FAO/
WHO/UNU report (FAO, 2004), 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 five 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 12). There is an obvious and marked increase in PAL after the age of 
three years and then to a lesser extent in older children (Figure 12 Appendix 12) i.e. 
the plot of TEE on BMR 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 OPEN-Beltsville adult 
data set (Moshfegh et al., 2008; Tooze et al., 2007) assembled for this report. As 
shown in Figure 8 (Appendix 8), 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.

The question of variation of PAL with body weight i.e. the influence of body weight 274. 
on the energy cost of specific activities is nevertheless an important issue that 
needs to be examined separately. When the use of PAL was introduced by FAO/
WHO/UNU (WHO, 1985) PAL values were estimated with factorial calculations 
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of time allocated energy costs of individual activities, expressed as PAR values. 
These were used to identify categories of 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 report (FAO, 2004) (on the basis of a 
comprehensive review (Vaz et al., 2005). MET values for various activities are listed 
in the US DRI report (IoM, 2005). 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. Careful calorimetric studies have shown, however, that 
this is not strictly the case: i.e. PAR values increased with weight (Haggarty et al., 
1997). 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 larger 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%.

The effect of body weight on PAR values for specific activities is only of practical 275. 
importance, however, when it is assumed that PAL can be calculated with some 
confidence from a factorial, time-allocated list of the PAR values. As discussed 
below (paragraphs 278-282), such predictions of PAL values are unlikely to be 
accurate and are not recommended in this report.

The final issue of general importance for this report is whether there is an 276. 
influence of gender on PAL. Gender differences in PAL and hence the predicted 
energy requirement was a feature of the 1985 FAO/WHO/UNU energy report 
(WHO, 1985) and the 1991 COMA DRV report (DH, 1991). Gender differences in 
behaviour are said to influence overall TEE, and therefore PAL values, for similar 
lifestyles or activities (Erlichman et al., 2002). 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 women (FAO, 2004; IoM, 2005). 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 activity (Black et al., 1996). In 
the DLW data sets examined in this report, no differences in PAL with gender were 
identified for children or adults.

In summary, therefore, none of the concerns expressed above regarding the use of 277. 
the BMR-multiple approach are likely to be of importance within the framework 
of this SACN 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 8). 
For children, individual PAL values do show some increase with age and weight but 
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these are almost certainly behavioural changes with development that in no way 
detract from the validity of the use of the BMR-multiple approach.

Factorial prediction of PAL
When the concept of PAL was introduced by FAO/WHO/UNU in 1985 (WHO, 278. 
1985) 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 DRVs (DH, 1991), and 
the principle is embodied within the FAO/WHO/UNU report (FAO, 2004) and 
the US DRI report (IoM, 2005). This approach is not adopted in this report for the 
following reasons.

Firstly, there is disagreement about how to use published PAR values for the 279. 
calculation of PAL. The FAO/WHO/UNU (FAO, 2004) used PAR values from a 
list compiled specifically for the report (Vaz et al., 2005). The authors of the US 
DRI report (IoM, 2005) express concern that factorial calculations from published 
PAR values may underestimate daily TEE because of a lack of specific inclusion of 
energy expenditure associated with feeding, the themic effect of feeding (TEF) 
and/or excessive post exercise oxygen consumption (EPOC). In the US DRI report 
(IoM, 2005), 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 24). Thus, the factorial calculations in the US DRI report were made from 
values that were about 26.5% greater than those in the FAO/WHO/UNU report 
(FAO, 2004). Since there is no evidence that this is justifiable in all cases, some PAR 
values may be overestimated by up to 26.5%.

Secondly, even if PAR or 280. ΔPAL values are known with certainty, variation in 
spontaneous physical activity (SPA) (Snitker et al., 2001) (see paragraphs 224-227 
Appendix 3), 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 (NEAT) (Levine, 2007) 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 locomotion” (Snitker et al., 2001). This concept derived from observations of 
greater than expected variation in TEE 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 1.2-1.724, (Zurlo et al., 1992; Snitker 
et al., 2001) (see paragraph 283). In free-living circumstances the potential for such 
behaviour is more marked (Levine, 2007) and calorimeter- measured PAL values 
predict the range of higher free-living PAL values (Snitker et al., 2001). 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/UNU (FAO, 2004) even if they had the seated occupations assumed for this 
category.
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Thirdly, some individuals may have what is to some extent the opposite of the 281. 
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 activities (Haggarty et al., 1997). 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).

The existence of such behavioural phenotypes is increasingly being recognised 282. 
within the context of energy balance regulation (Levine et al., 1999; Zurlo et 
al., 1992), although their frequency within populations is currently unknown. 
Nevertheless, for such phenotypes, TEE is unpredictable within factorial models 
that have been applied to date. In other words, there may be a continuous 
spectrum of behavioural activities ranging from, on the one hand fidgeting while 
being otherwise stationary and choosing to walk up escalators, to on the other 
hand, adopting a resting posture whenever the possibility presents. The extent 
of this is indicated in studies reviewed below showing the degree of variation in 
individual PAL values within specific activity categories.

Observed variation in PAL within specific population groups
Many published studies of PAL values of population subgroups only include mean 283. 
values, but where individual values are reported a much greater range of PAL values 
is often observed than would be anticipated. As already indicated (paragraph 280), 
24 hour restricted activity studies within a calorimeter have repeatedly shown 
wide variation in PAL values: from 1. 15-1.7 in one report of 177 subjects (Ravussin et 
al., 1986) and from 1.20-1.65 in a second report (Snitker et al., 2001), 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 0.7 (Yao 
et al., 2002). Within a group of inactive men and women studied prior to a training 
programme the range of PAL values was 1.5-2.2 (Westerterp et al., 1992). 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 mortality (Manini et al., 2006).

The difficulty of predicting PAL values in terms of reported or measured physical 284. 
activity is exemplified by a study of men with sedentary occupations but varying 
levels of physical activity (Haggarty et al., 1994). 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 explained 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 two to five. Within three of the five 
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categories individual PAL values varied by 0.6 and the difference in PAL between 
the lowest subjects in category five and the highest in category one was only 0.17 
PAL units. The authors of this study emphasised the large differences that can 
occur between highly active individuals with a large exercise capacity compared 
with untrained individuals in the potential energy expended in tasks that 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.

Figure 5 – Relationship between PAL and measured leisure time activity and categorised 
activity levela
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Within a data set of DLW studies in healthy adults assembled for this report, all of 285. 
the studies which reported PAL values (n=63) were examined for descriptions of 
the activities/lifestyles of the subjects. Just over half the studies (n=33) provided 
no information, but for those that did (n=30), the mean PAL values were assigned to 
categories of light, moderate or heavy activity, with those studies with a mixture of 
activities assigned to moderate. The values in Table 22 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 22 Mean PAL values from DLW studies assigned (where possible) to activity groups

Number of studies Activity categorya

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

a Activity categories assigned based on written comments by study authors
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Although an exhaustive review has not been conducted for this report, it is clear 286. 
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 22 are mean study values, the range of individual values will, in fact, be much 
wider. The extent of inter-individual variability in PAL is hard to judge, however, 
because so few studies report individual PAL values within occupational or lifestyle 
categories. Thus, with the exception of groups at the extreme of the range (either 
very restricted or with high levels of physical activity), the relationship between 
PAL and lifestyle, or even self-reported physical activity, appears to be weak. 
Consequently, 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
The FAO/WHO/UNU 1985 report (WHO, 1985) identified the lower limit of PAL, a 287. 
‘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) (Black, 1996).

The lower limit of energy expenditure in subjects who are ambulatory but 288. 
only exhibiting the minimal activities associated with daily living (e.g. grooming, 
showering and dressing), equates to a PAL value between 1.35 and 1.4 (Alfonzo-
Gonzalez et al., 2004; Goran et al., 1994b; Warwick, 2006). In grossly obese 
subjects confined to a whole-body calorimeter following a standardised sedentary 
protocol apart from two 30 minute exercise periods (30 minutes of cycling at 25W 
and 30 minutes of stepping on and off a 20-cm block at a rate 40/minute), mean 
PAL values were 1.35 (1.27-1.42) (Gibney et al., 2003). In the healthy, most elderly, 
the mean PAL value (after trimming for PAL values <1.1) was 1.38 (Rothenberg et al., 
2000).

The US DRI report compiled a list of activities of daily living, which accounts 289. 
for about four hours in total and amounts to a ΔPAL of 0.29 (IoM, 2005). 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. Further, the listed activities may overestimate actual costs since they include 
additions of energy expenditure (≈28%) to allow for corrections in TEF and EPOC.

Overall, a PAL value of 1.38 seems the likely lower limit for free-living individuals. 290. 
This indicates that the upper limit of the sedentary PAL range (1.4) suggested in the 
US DRI report is too low.

The upper limit to human physical activity is that exhibited for limited periods 291. 
of time by elite endurance athletes and soldiers on field exercises, for whom PAL 
values between 3 and 4.7 have been reported (Black et al., 1996; Hoyt & Friedl, 
2006). The maximum PAL value associated with a sustainable lifestyle within the 
general population, however, appears to be about 2.5 (Black et al., 1996; Westerterp 
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& Plasqui, 2004). This value has been supported by subsequent studies in long-
term exercising women (Withers et al., 1998) and physically active men (Black et al., 
1996; Davidson et al., 1997; Haggarty et al., 1994; Westerterp & Plasqui, 2004).

Observed magnitude and variation in PAL
Several large data sets of TEE measures containing individual PAL values have been 292. 
made available for this SACN report. These include the US DRI data set (IoM, 
2005), the Beltsville study (Moshfegh et al., 2008) and the OPEN study (Subar et 
al., 2003; Tooze et al., 2007). Although the OPEN study did not measure BMR, this 
has been estimated using the Henry BMR prediction equations based on weight 
and height (Henry 2005). The distribution statistics for these three large data sets 
are shown below in Table 23. Details of the OPEN and Beltsville cohorts are given 
in Appendix 8.

The US DRI data set (IoM, 2005) of adults aged 18 or more years (n=767, 360 293. 
overweight or obese and 407 normal weight) includes the data in the Black et 
al. (1996) analysis. There is a fall 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 23 are those after trimming to exclude 
the very old (aged >80 years). The median PAL (1.72) is higher than the median PAL 
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 to be 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 23 Distribution of PAL values of large data setsa,b,c

Distribution boundaries
US DRIa

(n=724; age 18-80y)
OPENb

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

(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
a IoM, 2005
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)
c Beltsville data set (Moshfegh et al, 2008)

In the OPEN study (Subar 294. et al., 2003), mean PAL values fall slightly with age (from 
1.70 at 40 years to 1.57 at 70 years), 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.
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In the Beltsville study (Moshfegh 295. et al., 2008), there is little change in 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 adiposity (Byrne et al., 2005; Forsum 
et al., 2006; Leenders et al., 2001) 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 PAL value is slightly lower (1.32) and the 90th centile PAL 
value is slightly higher (1.96), than in the OPEN study (1.40 and 1.92).

The characteristics of PAL values within the combined OPEN-Beltsville cohort are 296. 
shown in Appendix 8.

Observed effect of additional physical activity on PAL
The energy cost of additional amounts of sport or strenuous leisure activity has 297. 
been considered in terms of ΔPAL values. One widely quoted meta-analysis of 
DLW studies (Black et al., 1996) reported that mean PAL values increase from 1.63 
to 1.99 with imposed activity (physical training) on a low activity background.

Adults with normally sedentary occupations who did not exercise or play sport on 298. 
a regular basis increased their PAL value by 0.41 (from 1.59 with a range 1.43-1.68, to 
1.99 with a range 1.66-2.42) with a nine week incremental programme of jogging up 
to one hour/day, five days/week (Bingham et al., 1989). Inactive men and women 
following a 40 week incremental running programme sufficient to enable running 
a half marathon, increased their mean PAL values by 0.44 PAL units above their 
initial range of 1.5-2.2 (Arthur et al., 1987): obese boys achieved a mean increase of 
0.27 with a four week training program of cycling for 45 minutes five times/week 
at 50-60% of VO

2
max (i.e. from 1.77 (±0.15) to 2.04 (±0.15) (Blaak et al., 1992). 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.

Individuals involved in competitive sport or who have habitual high levels of 299. 
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 activity (Davidson et al., 1997). 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) (Withers et al., 1998).

Predicting the effect of additional physical activity on PAL
The US DRI report (IoM, 2005) lists the energy cost of various activities in terms of 300. 
METs and ΔPAL values. Selected examples, including those for walking, are given 
in Table 24, together with actual additional rates of energy expenditure associated 
with the activities calculated for a standard woman (57kg age 30-60 years) and 
man (70kg age 30-60 years) (Henry, 2005). 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 
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not exactly the same (see footnote b of table 24) 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 (FAO, 2004) and others 
(Vaz et al., 2005). The ΔPAL values are the increases in the daily PAL expected 
when the one hour of the activity (mean PAR-1/24) replaces the BMR. The ΔPAL 
values shown in Table 24 are slightly lower than those in the US DRI report (IoM, 
2005) 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 this 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) (Haggarty et al., 1994). By and large the values 
compare well.

Table 24 Influence of activities on PAL

Activity
 

METsa

 
PARb

 
ΔPAL/10 

min
kJ(kcal)/10 min ΔPAL /h kJ(kcal)/h

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 years)=0.0159kcal/min/kg), and reference man (70kg age 30-60 years) 
=0.0166kcal/min/kg: Henry BMR prediction equations (Henry, 2005). 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 (IoM, 2005)).

Overall these changes mean that the PAR value is 17.7% greater than the MET value.
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It is important to recognise that the overall effect of an additional activity at some 301. 
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.

In the US DRI report (IoM, 2005) the factorial calculations of PAL values from MET 302. 
and ΔPAL values for various activities, such as those shown in Table 24 (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 one 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.

This is shown in303.  Table 25, where one hours walking at 4 and 5 mph or jogging 10 
minute miles (ΔPAL values of 0.18, 0.35 and 0.46, PAR values of 5.3, 9.4 or 12.0), 
replace one hours activity in subjects exhibiting PAL values of 1.5, 1.6 or 1.7. Such 
PAL values in subjects sleeping for eight 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 one 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 little 
effect on overall energy expenditure and PAL. Only if the new activity replaced a 
period of complete inactivity (PAR=1) would 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.

Table 25 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 24
b = (PAR-1)/24: assuming the activity replaces a period at the BMR
c Assuming 8 hrs at PAR =1(sleeping)
d Calculated as the1hr activity replacing 1 hr at the mean discretionary rate
e New PAL-initial PAL
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Overall, these theoretical calculations indicate that PAL can be increased by about 304. 
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-analysis 
(Black, 1996; Black et al., 1996) 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 
25 and if ‘active sport’ is equivalent to jogging at ΔPAL per hour of about 0.43, 
then 30 minutes a day for four days a week and 60 minutes a day for five 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 five times per week 
can raise PAL by about 0.3 units and this is generally consistent with the observed 
effects discussed in paragraphs 297-299 above.

PAL values in relation to health outcomes
The US DRI report discusses a ‘Physical Activity Level consistent with a normal Body 305. 
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 units (IoM, 2005). The FAO/
WHO/UNU report identified a desirable PAL value of 1.75 or more (FAO, 2004).

Information on the relationship between PAL and mortality has been published in 306. 
a prospective study of healthy older adults (n=302; aged 70 to 79 years) (Manini 
et al., 2006). 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; P

trend
 = 0.02) compared to 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 two 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.

Utilising PAL values to determine reference energy 
intakes
Notwithstanding the uncertainties of predicting PAL for population groups, 307. 
it remains the case that all previous dietary energy recommendations have 
recognised the need to include a variable physical activity factor in the derivation 
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of energy requirements for school-aged 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 utilising this information to derive energy reference values.

In the past, starting with the FAO/WHO/UNU report (WHO, 1985), a range of PAL 308. 
values has been determined by factorial calculations which equate to occupation 
and lifestyle. This has been 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 (DH, 
1991) 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 was given. The FAO/WHO/UNU report (FAO, 2004) 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 (e.g. PAL =1.8). The implication of both the COMA (DH, 1991) and 
FAO/WHO/UNU (FAO, 2004) reports is that it is possible to utilise 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.

The US DRI report (IoM, 2005) included physical activity factors in the prediction 309. 
equations for TEE for men and women based on weight, height, age and the 
physical activity coefficient (PA)33.

The physical activity (PA) coefficient, which scales the weight and height factors, 310. 
results in the equation containing a form of PAL x BMR, 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 the prediction equations calculate the same 
values for TEE as PAL x estimated BMR). The PA coefficient 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 coefficient 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 

33 PA is the physical activity coefficient, which depends on whether the individual is estimated to be in the 
sedentary (PAL ≥ 1.0-1.4), low-active (PAL ≥ 1.4<1.6), active (PAL ≥ 1.6<1.9) or very active (PAL ≥ 1.9 < 2.5) PAL 
categories.
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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.

The user of the US DRI report (IoM, 2005) is required only to locate an individual 311. 
within a PAL range rather than a precise PAL value, and consequently this makes 
it, to some extent, simpler than FAO/WHO/UNU (FAO, 2004) procedure. Indeed, 
with a lower limit of PAL for free-living individuals of about 1.38 (see paragraph 
290), 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. In 
this SACN report, the difficulty in choosing between adjacent PAL categories has 
been highlighted. 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.

It is clear from the above discussion that the inter-individual variability of PAL 312. 
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 (FAO, 2004; IoM, 2005). Furthermore, little can be 
said about the health implications of specific PAL values apart from the general 
desirability for values to be within the higher rather than lower range of values. 
Nevertheless, the definition of TEE and the energy requirement for a population 
group on the basis of PAL x BMR remains a sound principle and an alternative 
approach to its use is therefore required.

The simplest approach is to decide that TEE for a population group can only be 313. 
predicted on the basis of direct measurements of TEE for reference populations 
from which average PAL values and their distribution can be identified. Thus, 
medians and ranges of PAL values observed in the reference populations can be 
applied to similar population groups in terms of age, BMI and gender, assuming 
only that reference population groups are appropriate. TEE is then predicted 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. Identifying objective 
measures of activity allowing assignment of populations to the less or more active 
sections is an important research task.

Such advice is clearly a major departure from previous approaches for adults 314. 
although it is in principle similar to the method adopted by FAO/WHO/UNU 
(FAO, 2004) in their recommendations for children. However, it is an approach 
which recognises the reality that prediction of rates of TEE for individuals or 
population groups is inherently uncertain.
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Appendix 6 – Doubly labelled water 
(DLW) method 

In 2009, the International Atomic Energy Agency (IAEA) published information on 315. 
the theoretical background, as well as the practical application of state of the art 
methodologies, to monitor total energy expenditure (TEE) using stable isotopes 
(and changes in body composition). IAEA reviewed recent advances in analytical 
techniques developed by an international group of experts which readers are 
referred for more detailed information (IAEA, 2009). The doubly labelled water 
(DLW) method is a minimally invasive stable isotopic technique of measuring 
carbon dioxide (CO

2
) 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 (18O

2
), based on their 

body weight. The isotopically labelled water equilibrates with normal body water 
and a sample is taken typically after about five hours to measure the initial isotope 
enrichment, which also indicates the size of the total body water pool from 
isotope dilution. 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 
18O

2
 is lost. However, 18O

2
 in water exchanges with the oxygen in CO

2
 because of 

the carbonic anhydrase reaction. This means that CO
2 
excretion will also result 

in an additional loss of 18O
2
 as C18O

2
. This means that 18O

2
 leaves the body faster 

than 2H, the difference being proportional to CO
2
 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 CO

2
 is produced from metabolism. TEE can then be estimated from the 

CO
2
 production rate after assigning an energy value to CO

2
 calculated from the 

assumed average respiratory quotient (RQ) value (ratio of CO
2
 produced to the 

O
2
 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.

The accuracy and precision of the DLW method for measuring TEE is influenced by 316. 
isotope fractionation during evaporative water loss and CO

2
 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 
CO

2
 production (Schoeller et al., 1986). 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 18O

2
 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 estimated TEE is the 
energy expended during a time period, including the energy required for tissue 
synthesis, but does not include the energy content of tissue laid down (growth, 
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pregnancy, weight gain) or milk produced during lactation; these are estimated 
from analysis of tissue deposition and milk secretion. 

Methodology critique
Although the DLW method has become established as the method of choice for 317. 
the estimation of free-living TEE, uncertainties exist about its application and, 
consequently, in the interpretation of published DLW studies. As this SACN report 
relies almost entirely on information on TEE determined by the DLW method, 
some of the important issues in relation to the reliability of DLW studies are briefly 
discussed.

The application of the DLW technique has not been standardised, with different 318. 
approaches taken in both laboratory isotopic analysis and in the experimental 
design of the measurement of 18O

2
 and 2H

2
 turnover in body water. The three most 

widely used approaches are the ‘slope-intercept’, ‘2-point’, and ‘modified’ methods 
of calculation. This lack of standardisation means its potential high precision 
(the within-individual coefficient of variation (CV) for the validation of TEE 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 results (Roberts et al., 1995a). 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 study (Moshfegh 
et al., 2008) involved the multipoint slope-intercept approach while the OPEN 
study (Trabulsi et al., 2003) involved the 2-point approach. However, the data set 
assembled for children and adolescents involves reports from many different 
laboratories so that between-investigator errors could represent cause for concern 
in our identification of energy reference values for these population groups.

Estimates of measurement precision vary between investigators.319.  Not all 
investigators document error terms for the dose, background determinations, 
or uncertainties in fractionated evaporative water loss and RQ. A change in 
background 18O

2
 enrichment in water during the study resulting from travel or a 

change in the dietary water source could affect the final CO
2
 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 six 
month interval indicated that the within-subject CV for TEE was 7.8%, most of 
which was estimated by the investigators to be physiological variation (6.4%) due to 
variation in activity (Schoeller & Hnilicka, 1996). 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. 
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Within the OPEN study, repeated isotopic analysis and repeated DLW measurement 320. 
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 variation and 4.2% was due to within-
individual physiological variation (Trabulsi et al., 2003). Others have identified a 
value for analytical variation of 4% (Elia et al., 2000). Within the Beltsville study, 
repeat DLW measurements were conducted in a subset of 32 subjects and an 
overall CV of 12.6% was identified. As the repeat measures were more than one 
year after the initial measurements (unlike the OPEN subset study which compared 
repeat measures after two weeks) it might be expected that variation would be 
larger. Some of the individuals in the Beltsville subset study (Moshfegh et al., 2008) 
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. 

The application of the DLW approach usually involves 7-14 day measurements; 321. 
however it is unknown if this is representative of TEE in the longer term. 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, due to differences in season for example, 
resulting in potentially considerable within-person variability. Concerns have been 
expressed about this issue (Willett, 2003) and about the design of the OPEN 
Study due to the within-person CV of TEE (5.1%). This value appears too low when 
compared with values obtained from a quantitative review of the reproducibility 
of TEE measured by DLW in 25 studies with repeated measurements (Black & 
Cole, 2000). 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 TEE 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 study (Kipnis et al., 2003) 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.

Another potential concern is the influence of growth on measurements due to 322. 
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 2H

2
 and 18O

2
 decay 

rates and lead to an under-estimation of CO
2
 production and TEE. 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 the estimation of TEE, make the 
effect on TEE measures in rapidly growing infants difficult to assess. A consensus 
review (NAHRES-4, 1990) 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”.
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The extent to which increasing body fat can influence the method is also an issue. 323. 
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 fat (Ravussin et al., 1991). Others, 
however, have failed to observe such an effect (Gibney et al., 2003). 

Another potential problem is recruitment bias. Subject selection in any study 324. 
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 (Ruston et al., 
2004), DLW studies were conducted in a small adult population (n=66) indicating 
mean PAL values of 1.74 (range 1.36-2.2) for women and 1.88 (range 1.37-2.50) for 
men. These values are on average higher than those of the two large population 
studies (i.e. OPEN and Beltsville) used in this report to identify adult population 
PAL values. This may be because the NDNS DLW subsample exhibited the healthy 
volunteer effect, or that the men in the NDNS DLW sub-sample were heavier than 
those in the OPEN-Beltsville data set and in the NDNS main study, or it may 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 in which subjects were 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
It is likely that recent DLW studies have benefited from the experience gained 325. 
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 SACN report, however, includes 
a wide range of studies assembled over many years and by many investigators. 
Although technical problems can be minimised with careful investigators, some 
caution must be used in examining this data set. 

More important, however, is the difficulty posed by true, within-individual 326. 
variation in physical activity and consequent TEE. To illustrate this, the repeat DLW 
assessments of TEE conducted more than one year after the first measurement 
in the Beltsville study are given below (see Table 26) (Moshfegh et al., 2008). 
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 due to variation in basal 
metabolic rate (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.
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Table 26 Beltsvillea Doubly Labelled Water (DLW) data set: within and between subject 
variability

within subject CVa % between subject CVb %

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
a  As reported by Moshfegh et al (2008) 
b Calculated directly from the data set
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Appendix 7 – Physical activity and 
energy balance

Background
Physical activity energy expenditure (PAEE) is the most variable component of total 327. 
energy expenditure (TEE) and is amenable to modification. Decreases in PAEE may 
affect an individual’s ability to maintain energy balance and consequently maintain 
a stable body weight. The rising prevalence of obesity has been attributed in part 
to population-level changes in PAEE (WHO, 1998; Royal College of Physicians, 
2004; Foresight, 2007). 

The aim of this Appendix is to consider the energy expended during physical 328. 
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. Data on the current physical 
activity levels of the UK population are also considered.  

Measuring physical activity
Studies investigating physical activity have employed either subjective measures 329. 
based on self-report and questionnaires, objective measures based on measures of 
physiological response (e.g. heart rate) or bodily movement (e.g. accelerometers), or 
TEE measured by the doubly labelled water (DLW) method over longer periods.

Subjective measures of physical activity
Many types of physical activity questionnaires have been used in surveys and 330. 
epidemiological studies. 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 (Sesso, 2007). 

Children are less likely than adults to make an accurate self-reported physical 331. 
activity assessment (Welk et al., 2000) and in children of younger age groups it is 
virtually impossible to obtain valid self-reported physical activity data (Rennie et 
al., 2006).

Even when physical activity questionnaires are logically constructed with 332. 
attention to the different domains of activity, they are still relatively imprecise 
as a measure of PAEE (Wareham et al., 2002). In adults, subjective measures of 
physical activity have proved sufficient to demonstrate associations with many 
disease outcomes, to monitor compliance with physical activity guidelines, and 
have allowed the estimation of dose-response effects. Objective methods are 
more accurate, however, and allow more precise estimations of dose-response 
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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 (Erlichman et al., 2002).  

Objective measures of physical activity
Techniques such as heart rate monitoring (HRM) and accelerometry provide 333. 
minute-by-minute data and give information on the total levels of physical 
activity, as well as its 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. Accelerometers overcome some of the problems 
of measuring children’s physical activity through subjective measures. There 
is uncertainty, however, in defining cut-offs for different intensity levels, which 
causes problems when comparing studies (Freedson et al., 2005; Guinhouya et al., 
2006). 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 (Rennie et al., 2006). PAEE can be estimated in 
groups using HRM and accelerometry (Corder et al., 2007), but the DLW method 
provides a more accurate assessment.

The DLW method measures TEE over several days and in conjunction with 334. 
measures, or estimates, of basal metabolic rate (BMR) or resting metabolic rate 
(RMR) can be used to measure PAEE indirectly. The DLW method is considered the 
most suitable method for measuring TEE 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 (Rennie et al., 2006). The 
DLW method is discussed further in Appendix 6. 

Assessment of physical activity levels in the UK 
population
Data on physical activity levels of the UK population are available from the 335. 
national Health Surveys for England, Scotland, Wales and Northern Ireland (Aresu 
et al., 2009; Corbett et al., 2010; Statistics for Wales/Ystadegau ar gyfer Cymru, 
2010; Northern Ireland Statistics and Research Agency, 2006; NHS IC, 2010), the 
National Diet and Nutrition Survey (NDNS) of adults aged 19-64 years (Ruston et 
al., 2004), the Low Income Diet and Nutrition Survey (LIDNS) (Nelson et al., 2007) 
which included adults and children, and the unpublished NDNS comparison study. 
The Health Surveys use a seven-day recall method to assess physical activity. The 
adults NDNS used a seven-day diary method and DLW data was also collected in 
a small subset of survey participants (see paragraph 113), while LIDNS used a four 
day recall method.
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Both the NDNS and the Health Surveys provided estimates of physical activity 336. 
as the proportion of the survey population who reported achieving the physical 
activity recommendations for England published in 2004 (DH, 2004)34. The surveys 
consistently show that the majority of people do not meet these physical activity 
recommendations. These estimates are based on self-reported physical activity 
questionnaires which are likely to over-report physical activity in the population 
and have limited accuracy in representing habitual levels. 

In children, additional studies assessing physical activity levels via accelerometry 337. 
and the proportions meeting physical activity recommendations have been 
published (Basterfield et al., 2008; Mattocks et al., 2007; Riddoch et al., 2007; van 
Sluijs et al., 2008; Trayers et al., 2006). However, the results are mixed as they are 
dependent on the threshold used to define moderate-to-vigorous activity. 

UK population PAL values 
It is not possible to derive PAL values from the Health Surveys of England, Scotland, 338. 
Wales and Northern Ireland because they do not record the amount of reported 
time spent on all types of activities. In NDNS, PAL values for adults were derived 
in a validation study conducted prior to the main adult survey (Ruston et al., 
2004). Physical activity was assessed in a sample of 66 adults using both seven 
day physical activity questionnaires and DLW assessment of TEE. The mean PAL 
values from the questionnaires were 1.76 and 1.66 for men and women respectively, 
while the PAL values derived from the DLW data were 1.88 and 1.74. However, 
correlation between the two sets of values was weak, with the activity values 
explaining only 14% of the variation in the DLW data, indicating that estimates 
of PAL derived from self-reported physical activity questionnaires resulted in 
considerable misclassification of activity levels (see paragraph 323). Also, the PAL 
values are higher than you would expect for the general population, suggesting 
that this sub-sample is not representative.

Physical activity and body fatness
Physical activity has long been considered an integral component in the treatment 339. 
of those who are obese and in the prevention of weight regain in those who have 
lost weight (Astrup, 2006; Miller et al., 1997; Shaw et al., 2006). 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 (Astrup, 2006; Atlantis et al., 2006; 
Bensimhon et al., 2006; CMOs, 2011; Wing & Hill, 2001).

This section focuses on the role of physical activity in the primary prevention of 340. 
weight gain and obesity.

34 In the UK, adults are recommended to have at least 150 minutes of moderate intensity physical activity a week. 
Previous recommendations were based on a pattern of activity encompassing 30 minutes of moderate activity 
on five or more days of the week (DH, 2004); however, the new recommendations (Chief Medical Officers of 
England, Scotland, Wales and Northern Ireland, 2011) recognise that the 150 minutes can be achieved in a variety 
of ways. For children and young people, a total of at least 60 minutes each day of at least moderate to vigorous 
intensity physical activity is recommended.
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Prospective studies of self-reported physical activity and weight 
gain
Prospective studies relating to physical activity and weight change in both adults 341. 
and children have been systematically reviewed (Fogelholm & Kukkonen-Harjula 
2000; Molnar & Livingstone 2000 and Wareham et al., 2005). 

Adults
The Fogelholm and Kukkonen-Harjula systematic review (2000) included 16 342. 
prospective studies investigating the relationship between self-reported physical 
activity and weight change in adults. It concluded that there was inconsistent 
evidence of a predictive effect of higher levels 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. 

A follow-up systematic review by Wareham343.  et al (2005) included 12 prospective 
studies investigating the relationship between self-reported physical activity and 
weight change. Nine studies reported a negative association between baseline 
physical activity and subsequent weight gain (Bell et al., 2001; Drøyvold et al., 
2004; Hu et al., 2003; Koh-Banerjee et al., 2003; Macdonald et al., 2003; Schmitz et 
al., 2000; Sherwood et al., 2000; Wagner et al., 2001; Wenche et al., 2004) and two 
found no association (Ball et al., 2002; Rainwater et al., 2000). One study reported 
an inverse association suggesting higher baseline levels of BMI predicted physical 
inactivity (Petersen et al., 2004). 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 (Wareham et al., 2005) had 
at least 500 participants, whereas the previous review (Fogelholm & Kukkonen-
Harjula, 2000) included five studies with less than 500 participants and, therefore, 
less power to detect small differences. Improvements in study design could be 
a factor, as could publication bias, in determining why the follow-up systematic 
review reported more consistent results.

Wareham344.  et al (2005) 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 due to issues of confounding, 
measurement error and reverse causality, i.e. obesity may lead to physical inactivity 
(Petersen et al., 2004). 

Studies published after these systematic reviews have observed leisure-time 345. 
physical activity to be inversely associated with BMI (Wilsgaard et al., 2005), waist 
circumference (Waller et al., 2008) and weight gain, particularly in those with a 
larger baseline weight (Gordon-Larsen et al., 2009), suggesting a favourable effect 
of physical activity on weight maintenance. 

Children and adolescents
The Molnar and Livingstone systematic review (2000) identified two prospective 346. 
studies 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 
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follow-up to be associated with decreases in subsequent weight gain (Klesges et 
al., 1995), while the other found no association (Maffeis et al., 1998). 

The Wareham347.  et al systematic review (2005) identified a further 11 studies. All 
studies except one (Tammelin et al., 2004), 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 (Bogaert et al., 
2003; Davison & Birch, 2001; Francis et al., 2003; Kimm et al., 2001; Mamalakis et al., 
2000). The other six studies found an inverse association between higher levels 
of physical activity and weight gain or a positive association between weight gain 
and sedentary activities (Berkey et al., 2000; Berkey et al., 2003; Hancox et al., 
2004; Horn et al., 2001; O’Loughlin et al., 2000; Proctor et al., 2003; Tammelin et 
al., 2004).

Overall, the results were mixed and it was concluded that, as in the adult studies, 348. 
the measures of association tended to be small (Wareham et al., 2005). Another 
review of prospective studies (Must and Tybor, 2005) also concluded that the 
results were mixed and that the associations identified were generally of a small 
magnitude.

Of the studies that have reported subsequent to the Wareham349.  et al review (2005), 
two studies (Kimm et al., 2005; Mundt et al., 2006) have observed physical activity 
to attenuate increases in fat mass development in boys, but not in girls. One 
observed no difference in BMI changes or the percentage of students classified 
as obese between schools with higher and lower frequency of physical education 
(Wardle et al., 2007). Another study observed reported physical activity and 
inactivity to be related to accrual of body fat, particularly among children with at 
least one overweight parent (Must et al., 2007).

Most obese children remain obese as adults (Magarey350.  et al., 2003), 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 (Boreham et al., 
2004; Kvaavik et al., 2003; Parsons et al., 2006; Pietilainen et al., 2008; Tammelin et 
al., 2004; Twisk et al., 2000; Yang et al., 2006; Yang et al., 2007). 

On balance, the available evidence from prospective cohort studies suggests that 351. 
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 
(Must & Tybor, 2005). 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 across 
the normal range in adults (Wells et al., 2007a) and in children (Wells et al., 2002). 
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Prospective studies of objectively measured physical activity and 
weight gain

Adults
The Wareham352.  et al systematic review (2005) identified two studies investigating 
objectively measured physical activity in relation to weight gain. This has been 
updated by the Wilks et al systematic review (2011) of studies including objectively 
measured physical activity, which identified 16 prospective studies, six in adults 
and ten in children. 

In adults, the length of follow up varied between 1.5 and 5.6 years and three of the 353. 
six studies were carried out in the USA. Three adult studies reported no association 
between baseline PAEE and subsequent change in body weight. The other three 
observed favourable associations with increased PAEE inversely correlated with 
weight outcomes; however, due to methodological issues two of the latter studies 
were not truly prospective (Bailey et al., 2007; Weinsier et al., 2002).  

Children and adolescents
The Molnar and Livingstone systematic review (2000) identified five prospective 354. 
studies that investigated the association between objectively measured 
physical activity or PAEE and change in indices of body fatness in children and 
adolescents. 

One study observed children with low levels of physical activity (assessed using 355. 
accelerometry) to gain substantially more subcutaneous fat than more active 
children (Moore et al., 1995). One small study (n=18) observed reduced TEE, and 
particularly PAEE, to be associated with weight gain (Roberts et al., 1988), while 
other, larger studies have found no association (Davies et al., 1991a; Goran et al., 
1998b). 

The Wareham356.  et al (2005) systematic review identified five subsequent studies 
that had investigated the relationship between physical activity and body weight. 
The children included in these studies were mostly younger than 10 years and the 
duration of follow-up ranged from 2 to 8 years. 

One study found increased physical activity, assessed using accelerometry, to be 357. 
associated with smaller gains in BMI and subcutaneous fat (Moore et al., 2003). 
Overall, however, the results from the other studies using DLW methods to assess 
energy expenditure were inconsistent (Figueroa-Colon et al., 2000; Johnson et al., 
2000; Treuth et al., 2003; Wells & Ritz, 2001). 

The Wilks358.  et al., review (2011) identified 10 studies in children. All studies were 
carried out in the USA and the majority of children were aged between 2-12 years 
at baseline. The duration of follow-up ranged between 1 and 8 years. Six studies 
found no association between physical activity and adiposity, three found a 
negative association, and one found a positive association. 
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Overall, the results from prospective studies using objective measures of physical 359. 
activity in children, adolescents and adults were inconsistent and the associations 
identified were generally of small magnitude (Must & Tybor, 2005; Wareham et al., 
2005; Wilks et al., 2011). For example, the degree of variance in BMI attributed to 
physical activity in several studies was less than one percent (Ekelund et al., 2004b; 
Styne, 2005).

The lack of consistent associations between DLW-derived measures of PAEE and 360. 
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 (Dietz, 
1998). 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 to be underestimated, resulting in associations 
being biased towards null (Rennie et al., 2006). 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 (Rennie et al., 2006).

The potential impact of exercise intensity on change in body weight and FM 361. 
remains unclear (Grediagin et al., 1995; Lemura & Maziekas, 2002; Tremblay et al., 
1994; Yoshioka et al., 2001) 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 using physical activity as an intervention to prevent weight 
gain
Interventions aimed at weight reduction or at preventing weight regain are not 362. 
included in this consideration. A systematic review by Hardeman et al (2000) 
identified nine interventions (eleven publications) using physical activity as the 
primary prevention against weight gain. Interventions lasted from 6 weeks to 36 
months. Four interventions took place in the community (Fitzgibbon et al., 1995; 
Forster et al., 1988; Jeffery & French, 1997; Sherwood et al., 1998; Stolley & Fitzgibbon, 
1997) and five were school based (Caballero et al., 1998; Cairella et al., 1998; Davis et 
al., 1993; Donnelly et al., 1996; Gittelsohn et al., 1998; Simonetti D’Arca et al., 1986). 

It was concluded that overall the results suggested mixed effects and, for various 363. 
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 
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and physical activity were described, positive effects were usually obtained, but 
the validity of this was limited as they were measured by self-report. 

This systematic review (Hardeman364.  et al., 2000) was subsequently updated with 
a further seventeen trials (Wareham et al., 2005). 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 (Littrell 
et al., 2003; Simkin-Silverman et al., 2003), one found a weight reduction in the 
intervention group (Muto et al., 2001) and the other observed decreases in both 
groups (Proper et al., 2003). Two trials observed no effect on weight gain (Burke et 
al., 2003; Polley et al., 2002).

A total of eleven trials were identified in children aimed at preventing unhealthy 365. 
weight gain by increasing physical activity or reducing sedentary behaviour 
(Wareham et al., 2005). Nine trials were 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 (Kain et al., 2004; McMurray et 
al., 2002; Sallis et al., 2003), with two of them reporting effects in boys only (Kain 
et al., 2004; Sallis et al., 2003). The other eight trials reported no significant effects 
on body weight or composition at follow-up (Baranowski et al., 2003; Caballero et 
al., 2003; Dennison et al., 2004; Neumark-Sztainer et al., 2003; Pangrazi et al., 2003; 
Robinson et al., 2003; Sahota et al., 2001; Warren et al., 2003).

Wareham366.  et al (2005) concluded that there were still relatively few trials aimed at 
the primary prevention of weight gain using physical activity as an intervention and 
that there remained insufficient evidence on which to base conclusions regarding 
which approaches were effective.

A subsequent review by Wilks367.  et al (2011) identified five intervention trials using 
objective measures of physical activity, one in adults and four in children. The adult 
study investigated the effect of a home based exercise programme on adoposity, 
with compliance measured by accelerometry. However, no change in body weight 
was observed in either the control or intervention group (Cooper et al., 2000). 
Of the studies in children (aged between 4-12 years), two were community based, 
one was nursery based and one was school based. Only one physical activity 
intervention found a siginificant effect on adiposity (Verstraete et al., 2007). 

Additionally, another school-based intervention (where physical activity was 368. 
assessed by questionnaires) observed a slower gain in BMI, especially in non-
overweight adolescents, with increasing physical activity (Simon et al., 2008). 

Sedentary behaviour and weight gain
Sedentary behaviour is a different concept to physical activity with a different 369. 
physiology and different determinants. Many behaviours are largely sedentary, 
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including those where sitting or lying are the predominant activity (e.g. listening to 
the radio or music, watching television, using computers and reading).

It has been suggested that the increased use of information and communication 370. 
technology is a sedentary factor affecting obesity prevalence (Fox & Hillsdon, 
2007; Kautiainen et al., 2005). 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. 

A meta-analysis has been conducted of prospective studies and trials investigating 371. 
the relation between television viewing and video/computer game use and body 
fatness and physical activity in children and adolescents (Marshall et al., 2004). 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 (Nelson et al., 2005).

Several prospective studies conducted since this meta-analysis have also observed 372. 
positive associations between television viewing in children and subsequent weight 
gain (Davison et al., 2006; Hancox et al., 2004; Hancox & Poulton, 2006; Jago et 
al., 2005; Parsons et al., 2008; Reilly et al., 2005; Viner & Cole, 2005). 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 commonly reported for dietary intake and physical activity; thus, television 
viewing could be an important contributing factor to childhood obesity (Hancox 
& Poulton, 2006).

The issue of measurement error in these studies and the need to select measures 373. 
of television viewing that are valid and reliable to examine with greater accuracy 
the influence of television viewing on childhood overweight, has been highlighted 
(Bryant et al., 2007).

Most studies examining the prospective and longitudinal associations between 374. 
sedentary behaviour and BMI have relied on self-reported data. One prospective 
population-based cohort study measured sedentary behaviour by individually 
calibrated HRM in 393 healthy adults (Ekelund et al., 2008). 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. 

A systematic review has been conducted of trials to reduce sedentary behaviour 375. 
among children, either alone or in combination with other health messages 
(Demattia et al., 2007). The interventions ranged from four weeks to four years, 
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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 score (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.

Summary
The assessment of UK population physical activity levels, i.e. the Health Surveys 376. 
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. To enable the accurate determination of habitual physical activity 
and PAEE in the UK population, surveys need to employ objective measures.

Methodological constraints are a severe limitation in defining the role of physical 377. 
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 (Wells et 
al., 2007a) and children (Wells et al., 2002). Error is introduced on both sides of the 
relationship thereby 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.

On balance, the available evidence from prospective cohort studies suggests 378. 
that increased leisure time physical activity may be protective against relative 
weight and fatness gains; however, the findings 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 
through increased physical activity is also inconsistent. 

The issue of whether there is a specific level of physical activity required to 379. 
prevent unhealthy weight gain is complex, and available data is insufficient to 
reach a definitive conclusion (Blair  et al., 2004; Wareham  et al., 2005).
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Appendix 8 – Characteristics of the 
data set of DLW measures of energy 
expenditure for adults: combined 
OPEN/Beltsville DLW data set.

The two data sets of total energy expenditure (TEE) measures used were the OPEN 380. 
study (Subar et al., 2003; Tooze et al., 2007) (individual data obtained from Amy 
Subar, National Cancer Institute USA) and the Beltsville underreporting study 
(Moshfegh et al., 2008) (individual data obtained from Alanna Moshfegh, US 
Department of Agriculture (USDA), Agricultural Research Service). 

The two USA populations studied were similar in terms of anthropometry, ethnicity 381. 
and social class. However, there is no indication in either study of the range of 
lifestyles within the cohorts in terms of physical activity levels. Because of this 
and in the absence of any other cross-sectional population study of TEE, it is not 
possible to determine how representative the distribution of TEE and physical 
activity level (PAL) values is of the US or, most importantly, the UK population. 
However, on the basis of the doubly labelled water (DLW) data examined in the 
production of this report, it is likely that the median PAL value identified here, 1.63, 
represents a light activity population. As identified in Appendix 5, this PAL value is 
lower than either 1.72, the median value of the data base assembled for the US DRI 
report on energy requirements (IoM, 2005), or 1.75 the mean value of published 
studies tabulated in Table 22 (Appendix 5). It is also lower than the median value for 
the NDNS data set i.e. 1.75 for 156 subjects aged 19-75years, with a mean body mass 
index (BMI) of 27.2kg/m2. In Table 22, study populations categorised as exhibiting 
light activity exhibited a mean PAL of 1.67; FAO/WHO/UNU (FAO, 2004) identified 
a PAL range associated with sedentary or light activity lifestyle to be 1.40-1.69. 

The OPEN study (n=451) involved healthy volunteers aged 40–69 years recruited 382. 
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, 
of which 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).

BMR was not measured in the OPEN study, but BMR was estimated using the 383. 
Mifflin predictions based on weight, height and age (Tooze et al., 2007). For reasons 
discussed in Appendix 4, the data presented in this SACN report are calculated 
using the Henry prediction equations based on weight and height (Henry, 2005). 
The validity of these Mifflin BMR prediction equations is indicated by the fact that 
the regression of BMR on BMI within the OPEN cohort is almost identical to that 
for the Beltsville study (in which BMR was measured) for men and quite similar for 
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women. Consequently, BMR values estimated by BMI within these two cohorts 
differed by less than 0.5% in men and by less than 2% in women. Also, as shown 
in Table 27 below, the distribution of PAL values within the OPEN cohort is the 
same. 

The Beltsville study (n=525) involved a study cohort of volunteers aged 30–69 384. 
years residing in the greater Washington, DC metropolitan area. These volunteers 
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.

The subjects were predominately non-Hispanic white and were distributed evenly 385. 
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 
kg/m2). 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.

The characteristics of the distribution of the PAL values for the two data sets are 386. 
shown in Table 27. They were very similar. The combined OPEN and Beltsville 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. This removed one subject with 
a PAL value greater than 2.5 and 38 subjects with PAL values less than 1.27 (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.

Table 27 Physical activity level (PAL) value statistics for individual and combined Beltsvillea and 
OPENb data sets

PAL
n Mean SD Min

10th 
centile

25th 
centile 

Median 
centile

75th 
centile 

90th 
centile Max

Beltsvillea 478 1.63 0.25 1.01 1.32 1.46 1.62 1.78 1.96 2.34

OPENb 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
a Beltsville data set (Moshfegh et al, 2008)
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)

The distribution of PAL by gender and age, and in terms of frequency, is shown 387. 
in Figure 6. The distribution of subjects by BMI and age is shown in Figure 7. The 
regression of TEE on BMR is shown in Figure 8 indicating the very small intercept 
(33.5 kcal/kg (95% CI:-104 & 171; p=0.6), which is discussed further in Appendix 5.
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Figure 6 – Distribution of physical activity level (PAL) by gender and age and frequency 
in the OPEN and Beltsville data sets 

Figure 7 – Distribution of subjects by body mass index (BMI) ( kg/m2) and age of OPEN 
and Beltsville participants.

Figure 8 – Regression of total energy expenditure TEE on basal energy expenditure 
(BEE): combined OPEN and Beltsville data seta

a PAL values from 1.27 to 2.5. TEE (kcal/d) = 33.5206 + 1.6341*X
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The population demographics for the combined data sets are shown in Table 28, 388. 
and the distribution of BMI and its relationship to PAL is shown in Table 29 and 
Table 30.

Table 28 Population demographics for combined Beltsvillea and OPENb data sets

n Mean SD Min Max

Age F 424 51 10 30 70

years M 466 52 10 30 69

 All Groups 890 51 10 30 70

Heightc F 206 1.63 0.06 1.47 1.82

meters M 239 1.77 0.07 1.58 1.94

 All Groups 445 1.70 0.10 1.47 1.94

Weightc F 206 73 17 45 126

kg M 239 88 16 54 138

 All Groups 445 81 18 45 138

BMI F 424 27 6 17 51

kg/m2 M 466 28 4 18 43

 All Groups 890 27 5 17 51

BMR F 424 1393 166 982 1960

kcal/d M 466 1757 217 1279 2522

 All Groups 890 1584 266 982 2522

TEE F 424 2290 386 1442 3731

kcal/d M 466 2923 516 1889 5061

 All Groups 890 2621 557 1442 5061
a Beltsville data set (Moshfegh et al, 2008)
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)
c Beltsville data set contains only BMI, not height or weight
F=female, M=male

Table 29 Distribution of body mass index (BMI) and its relationship to physcial activity level 
(PAL) for the combined Beltsvillea and OPENb data sets

BMI kg/m2 PAL

 N mean sd mean median sd 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
a Beltsville data set (Moshfegh et al, 2008)
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)
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Table 30 Distribution of physcial activity level (PAL) according to body mass index (BMI) 
categories for the combined Beltsvillea and OPENb data sets

Status N Mean Std.Dev. Min 10th Q25 Median Q75 90th Max

Normalc 322 1.65 0.21 1.27 1.40 1.49 1.61 1.78 1.95 2.37

Overweightc 348 1.66 0.20 1.29 1.41 1.50 1.65 1.79 1.92 2.50

Obesec 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
a Beltsville data set (Moshfegh et al, 2008)
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)
c Using the following BMI definitions: Underweight: less than 18.5 kg/m2; normal: 18.5 to less than 
25kg/m2; overweight: 25 to less than 30 kg/m2; obese 30 kg/m2 or more; overweight including 
obese 25 kg/m2 or more; morbidly obese: 40 kg/m2 or more

Within the cohort, there were similar numbers of overweight and obese subjects 389. 
(36% normal, 39% overweight and 25% obese). Mean PAL values for BMI categories 
did not differ significantly (p=0.91) and neither did the distribution in terms of 
quartile boundaries and 10th and 90th centile values. The regression of PAL on BMI 
was also non-significant (p=0.64 for slope: R2 less than 0.1%). Finally, as shown 
below in Figure 9, the regressions of PAL on BMI for the two cohorts were very 
similar even though PAL was calculated from a measured BMR for the Beltsville 
data set compared with an estimated BMR for the OPEN data. Thus, estimating 
BMR for an overweight/obese population did not appear to introduce bias. This 
lack of influence of BMI on PAL was also observed in the NDNS sample.

Figure 9 – Relationship of physical activity level (PAL) values with body mass index 
(BMI) for the combined Beltsvillea and OPENb data sets
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Figure 9. Relationship of physical activity level (PAL) values with body mass index (BMI) for 
the combined Beltsvillea and OPENb  data sets 

 a Beltsville data set (Moshfegh et al, 2008) 
 bOPEN data set (Subar et al., 2003; Tooze et al., 2007) 
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between the younger subjects (aged ≤35 years) with those aged >35 years 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 years is unlikely to represent a significant source of 
bias when the data set is used to represent PAL values for all adults. This is supported by 
the NDNS DLW data set (see paragraph 113) for which between the ages of 19 and 75 
years there was no significant change in PAL with age (R2 = 0.0153;  p = >0.1;  PAL = 
1.85 - 0.0018*age: a fall of <0.1PAL units between 20 and 75 years). 

 

Table 31. Comparison of physical activity level (PAL) values between the youngest group 
(aged≤35 years) with those >35 years for the combined Beltsvillea and OPENb  data sets 
   

Age 
N Mean Std.Dev. Min 10th 

centile 
Q25 Median Q75 90th 

centile 
Max 

≤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 

a Beltsville data set (Moshfegh et al, 2008) 
bOPEN data set (Subar et al., 2003; Tooze et al., 2007) 
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a Beltsville data set (Moshfegh et al, 2008)
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)

PAL fell with age (PAL=1.74-0.0016 x age, R390.  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 31, a comparison 
of PAL values between the younger subjects (aged ≤35 years) with those aged >35 
years 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 years is unlikely to 
represent a significant source of bias when the data set is used to represent PAL 
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values for all adults. This is supported by the NDNS DLW data set (see paragraph 
113) for which there was no significant change in PAL with age, between the ages of 
19 and 75 years (R2 = 0.015, Regression Coefficient for age on PAL: — 0.0018). This 
would be a fall in PAL of around 0.1 units.

Table 31 Comparison of physical activity level (PAL) values between the youngest group (aged≤35 
years) with those >35 years for the combined Beltsvillea and OPENb data sets

Age
N Mean Std. 

Dev.
Min 10th 

centile
Q25 Median Q75 90th 

centile
Max

<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

a Beltsville data set (Moshfegh et al, 2008)
b OPEN data set (Subar et al., 2003; Tooze et al., 2007)
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Appendix 9 – Energy requirements for 
disease

Introduction
There is a continuum in physical function between health and disease, and the 391. 
dividing line between them can be difficult to define. The proportion of older 
individuals in the UK population is increasing (Walker et al., 2001) and the incidence 
of many diseases and disabilities also increases with age (Elia et al., 2000). 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 (Walker et al., 2001). Less severe disabilities may 
produce effects on physical activity that are difficult to distinguish from normal 
activity. The high prevalence of disease in older people makes it difficult to define 
‘normal’, especially in extreme old age. A consideration of physical activity level 
(PAL) values in older adults is given in Appendix 5. 

Determining the energy requirements of patients with acute and chronic diseases 392. 
is more complex than for those in good health. Energy requirements in illness 
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, the treatment 
of the disease, and the nutritional state of the patient (e.g. the presence of prior 
malnutrition). In some circumstances, 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.

The energy requirements of a number of severe acute diseases were thought 393. 
to be increased (Elia, 1995), as were the requirements of individuals with spastic 
disorders, such as spastic cerebral palsy (Eddy et al., 1965). It is now understood 
that this is not usually the case. 

Energy intake
Individuals with disease may be in substantial energy imbalance for days, weeks, 394. 
and sometimes months. This imbalance is often caused by anorexia which is a 
common consequence of traumatic, infective, malignant, or 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 under-nourished 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 if urinary losses occur (e.g. in diabetes), 
then the nutritional value of ingested foods will be less than in an unaffected 
individual.
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The timing of nutritional support is also important. Aggressive overfeeding in the 395. 
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, and will also have a negative 
impact on work performance and quality of life. Finally, nutritional intake in 
disease may differ from that in health because it can be provided artificially using 
an enteral tube or venous catheter (sometimes for life), independent of appetite.

Energy expenditure
Basal metabolic rate (BMR) is more variable in disease than in health. Apart 396. 
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 
estimating BMR (from weight, height and age) were established for use in healthy 
subjects without malnutrition and disease, and without dehydration and oedema, 
all of which can have substantial effects on body weight. The estimation of BMR, 
therefore, is more likely to be in error in disease than in health.

Whether measurements of total energy expenditure (TEE) (or measurements of 397. 
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 diseases associated with abnormal body composition and body proportions 
who preferentially lose or preserve particular tissues or organs (e.g. muscle 
wasting in certain neurological conditions). Different investigators have used over 
20 indices to express energy expenditure, including absolute energy expenditure, 
energy expenditure per kilogram body weight, energy expenditure per kilogram 
fat free mass (FFM), and energy expenditure per m2 (Elia, 1997). In children, energy 
expenditure has also been expressed as a percentage of the BMR values obtained 
in healthy children of the same age, the same surface area, or the same height. 
In infants with growth failure, there may be a decrease in both the whole body 
BMR and the tissue specific BMR, while BMR per kilogram body weight may be 
increased due to preferential preservation of the brain, which has a high metabolic 
rate (Elia, 1997). 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. This affects the 
accuracy of expressing TEE as a ratio to BMR (i.e. PAL) (Elia, 1992). Consequently, PAL 
values based on measured BMR and estimated BMR (based on values established 
for healthy subjects) can vary widely, especially in acute disease which typically 
increases BMR.

As with energy intake, TEE does not necessarily indicate the requirements of the 398. 
under-nourished patient who is in need of repletion, or the requirements of the 
over-nourished patient, who is in need of depletion of excess fat.
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Measurements of TEE have helped establish important concepts about energy 399. 
requirements in disease. Acute and chronic diseases are associated with 
simultaneous changes in BMR, physical activity and TEE. These factors, and the 
methodological limitations associated with their estimation, represent important 
practical and theoretical issues that should be considered when determining 
energy requirements in pathological states. 

Diseases in adults
For many diseases, both TEE and energy requirements are decreased mainly because 400. 
of a reduction in physical activity energy expenditure (PAEE). This reduction in 
PAEE can occur because disease produces lethargy and restricts physical activity 
(e.g. pain due to claudication). It also occurs because treatment, especially in 
hospital, usually 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. 

TEE is normal or decreased in chronic diseases (Elia, 2005). In those with advanced 401. 
disease or with 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 reduction 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 (Casper et al., 1991). However, 
some studies of women with anorexia nervosa show no increase in TEE, after 
adjustment for weight (Marken Lichtenbelt et al., 1997). When no adjustment for 
weight is made, TEE is likely to be lower than in healthy women of the same age.

Acute diseases increase resting energy expenditure (REE) above that predicted for 402. 
healthy individuals of the same age, weight and height by up to 100% (Bessey & 
Wilmore, 1988), although usually by 0-40%. Both the magnitude and duration of 
the increase in energy expenditure are dependent on the severity of disease. The 
effect of ‘injury’ on BMR is also influenced by age. For example, the increase in 
BMR may last a few days following elective surgery in adults and only a few hours 
in infants (Elia, 2000). 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.

In studies where the TEE of bed-bound artificially ventilated patients has been 403. 
measured (e.g. those with head injuries or other critical illness), BMR is frequently 
increased. TEE is usually not elevated however, primarily because of the 
concomitant reduction in physical activity (Elia, 2005). 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 normal (Bessey & 
Wilmore, 1988).
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In summary, in most of the chronic conditions examined BMR adjusted for weight 404. 
is usually normal or slightly increased (about 10% in HIV/AIDS for example), while 
in most acute conditions it is usually increased (0-40% 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
Assessment of the energy requirements of children is more difficult than in adults 405. 
because of the need to consider growth and the most appropriate way to express 
energy expenditure. 

In children, most chronic disease conditions do not produce an increase in TEE 406. 
adjusted for body weight, despite a possible increase in BMR (e.g. cystic fibrosis 
(Magoffin et al., 2008). There are some exceptions, such as subgroups of patients 
with cystic fibrosis (cystic fibrosis genotype) and some children with congenital 
heart disease (Kuip et al., 2003). The general situation is analogous to that observed 
in adults, as is that for acute disease conditions, where TEE is not increased (actually 
decreased) because of the reduction in PAEE.

Summary
The lack of accurate information on TEE in a large number of diseases, does not 407. 
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 (due to 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.

In determining energy requirements in disease there is a need to consider not only 408. 
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 10 – Obesity prevalence in 
the UK

Body Mass Index (BMI) (kg/m409. 2) is often used as a convenient measure of adiposity, 
with recognised limitations.  It has been used since the 1960s to assess obesity in 
adults (Keys et al., 1972) and more recently in children (Cole et al., 2005; Dietz & 
Robinson, 1998).  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 fat mass (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 to be most harmful to health (Wells et al., 2007a).  

In adults, cut-off points for underweight, overweight and obesity are defined as 410. 
BMI values of ≤18.5 kg/m2, ≥25 kg/m2 and ≥30 kg/m2, respectively (NICE, 2006).  
Insufficient energy intakes are uncommon in healthy free-living individuals 
in the UK and do not generally arise from insufficient food supplies, but from 
accompanying physical or psychological conditions.  In the 2009 Health Survey for 
England (HSE) (NHS IC, 2010), 2.3% of adults were classed as underweight.  The Low 
Income Diet and Nutrition Survey (Nelson et al., 2007) also found the prevalence 
of underweight to be low in adults living in low income households (2% of both 
men and women). In contrast, there is a high prevalence of overweight and obesity 
in the UK population resulting from a chronic excess of dietary energy intake over 
energy expenditure.  

In children, BMI measures require cautious interpretation when comparing across 411. 
groups that differ in age or when predicting a specific individual’s total or percent 
body fat (Pietrobelli et al., 1998).  Children of the same age and gender have been 
shown to have a two-fold range of FM for a given BMI value, which is also observed 
in those who are obese (Wells et al., 2007b).  BMI normally changes during growth 
and this requires careful interpretation through the use of appropriate growth 
references or standards for age and sex.  In the UK, the UK 1990 growth references 
(Cole, 1995) were used until 2009 for all children up to 18 years of age.  From May 
2009, for children aged between 0-4 years, revised standards have been adopted 
based on the WHO Child Growth Standards (SACN/RCPCH, 2007; RCPCH, 2011).  
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 obese (NHS IC, 2010).  In UK clinical practice, 
however, children over the 91st centile for the reference population are categorised 
as overweight and those over the 98th as obese (Hall & Elliman, 2003).  Further 
thresholds have been proposed for the purpose of international comparison (Cole 
et al., 2000); 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 
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definitions that are not directly comparable can lead to difficulty in interpreting 
different surveys or studies of childhood obesity. 

Temporal changes in the estimated prevalence of overweight and obesity in England 412. 
are tabulated below for children aged 2-15 years based on the UK 1990 BMI growth 
reference (Cole, 1995) (Table 32), and for adults (NHS IC, 2010) (Table 33).  

In 2009, 31% boys and 28% girls in England were overweight or obese (NHS IC, 413. 
2010).  Obesity (as defined by a BMI over the 95th centile for age) increased from 
11% and 12% in 1995 to 16% and 15% in 2009, in boy and girls respectively.  Despite 
the overall increase since 1995, the proportion of girls aged 2 to 15 years who were 
obese decreased from 18% to 15% between 2005 and 2006 and remained 15% in 
2009.  There was no significant decrease among boys over the same period, with 
17% classed as obese in 2006 and 2008.

For adults in England, the prevalence of obesity has increased from 15% in 1993 to 414. 
23% in 2009 (NHS IC, 2010), with 66% men and 57% women overweight and obese. 
Fewer people are in the normal weight range and the proportion of morbidly 
obese individuals has more than doubled.  Importantly for women of childbearing 
age, for whom overweight and obesity results in increased clinical risk (McDonald 
et al., 2010; Stothard et al., 2009), the prevalence of overweight and obesity is 
substantial and increases with age.  Thus, for the age groups 16 – 24 years, 25 
– 34 years and 35 – 44 years, mean BMI values were 24.3, 25.8 and 27.2 and the 
prevalence of overweight and obesity was 37%, 48% and 62%, respectively.  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 
distribution (Wardle & Boniface, 2008).  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.

The 2009 Scottish Health Survey (Corbett et al., 2010) shows there has also been 415. 
a steady upward trend in the prevalence of overweight and obesity among both 
sexes since 1995 for adults and children. Most adults aged 16 years or over are 
either overweight or obese i.e. 66% of men and 58% of women. Overall obesity 
prevalence was 27% for men and 28% for women, and of these 1.0% and 3.5% 
were morbidly obese respectively, a prevalence which has stabilised since 2003. 
For children aged 2 to 15 years, boys were more likely than girls to be overweight 
or obese (29% versus 27%).

The Health Surveys for Scotland and England involve objective measures of weight 416. 
and height, but the respective Health Surveys for Wales and Northern Ireland use 
self-reported measures and are therefore less accurate.

In the 2009 Welsh Health Survey (Statistics for Wales/Ystadegau ar gyfer Cymru, 417. 
2010), 62% of men were classified as overweight or obese compared with 52% of 
women.  In men, 41% were overweight and 21% obese, while in women 31% were 
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overweight and 21% obese.  In children, 34% were estimated to be overweight or 
obese, including 19% obese.

The 2005/6 Health and Social Wellbeing Survey in Northern Ireland (Northern 418. 
Ireland Statistics and Research Agency, 2006) observed 64% men and 59% 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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Table 32 Overweight and obesity prevalence among children, by year, 1995 to 2009, in the Health Survey for Englanda

All Children 
(aged 2-15 
years)

Percentages

Unweightedb  Weightedb

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Overweightc 13.3 13.4 13.2 14.3 14.1 12.7 15.5 14 15 15.4 14.8 14 14.3 14.3 14.2

Obesec 11.7 12.2 12.8 13.7 15.5 14.5 15.2 17.4 16.9 18.9 18.6 16.3 16.8 16 15.7

Overweight 
including 
obesec 25 25.6 25.9 28 29.7 27.2 30.7 31.4 31.9 34.3 33.4 30.3 31.1 30.3 29.8
a NHS IC, 2010
b All years were weighted to adjust for the probability of selection, and from 2003 non-response weighting was also applied.
c Categories are independent, i.e. overweight does not include those who are obese. Overweight was defined as ≥ 85th < 95th UK BMI percentile; obese was defined as 
≥ 95th UK BMI percentile
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Table 33 Body Mass Index (BMI)a among adultsb, 1993 to 2009 in the Health Survey for Englanda

All adultsb Percentages

Unweightedc Weightedc

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Underweightd 1.6 1.7 1.8 1.7 1.5 1.7 1.7 1.5 1.4 1.7 1.8 1.6 1.6 1.6 1.6 1.8 2.3

Normald 45.5 45.2 43.7 42.2 41.6 40.6 40.4 38.6 37.0 37.7 37.8 36.7 37.9 36.8 37.7 36.8 36.4

Overweightd 38.0 37.4 38.1 38.7 38.5 38.3 38.0 38.8 39.2 38.1 37.9 38.8 37.3 37.6 36.7 36.9 38.3

Obesed 14.9 15.7 16.4 17.5 18.4 19.4 20.0 21.2 22.4 22.5 22.6 22.9 23.2 23.9 24.0 24.5 23.0

Overweight including 
obesed

52.9 53.1 54.5 56.2 56.9 57.7 57.9 60.0 61.6 60.6 60.5 61.8 60.5 61.6 60.8 61.4 61.3

Morbidly obesed 0.8 1.0 0.9 0.9 1.6 1.3 1.4 1.5 1.7 1.8 1.9 1.7 1.8 2.1 1.8 2.0 2.4

a NHS IC, 2010
b Adults aged 16 and over with a valid height and weight measurement
c Data from 2003 onwards have been weighted for non-response.
d Using the following BMI definitions: Underweight: less than 18.5 kg/m2; normal: 18.5 to less than 25kg/m2; overweight: 25 to less than 30 kg/m2; obese 30 kg/m2 or more; 
overweight including obese 25 kg/m2 or more; morbidly obese: 40 kg/m2 or more
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Appendix 11 – A consideration of 
energy intake and physical activity in 
relation to weight gain

Background
Weight gain is dependent on the relationship between energy intake and energy 419. 
expenditure, and it is therefore necessary to consider energy balance and energy 
flux, rather than energy intake and energy expenditure in isolation. This is the focus 
of this appendix.

It is not currently possible to accurately define the frequency, intensity and 420. 
duration of physical activities that reduce 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 
(see Appendix 7). Furthermore, in experimental studies it is difficult to control 
for changes in energy intake which may occur during periods of altered physical 
activity. 

The evidence investigating whether diet composition affects risk of weight gain is 421. 
also weak (Jebb, 2007), but clearly a mismatch between energy intakes and energy 
expenditure is fundamental to weight gain. Methodological constraints have 
hampered the elucidation of 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 (Prentice & Jebb, 2004). 

The average daily weight gain in modern populations is relatively small and even 422. 
in morbidly obese people the lifetime error in daily energy balance regulation is 
surprisingly small (Prentice & Jebb, 2004). Adult weight gain indicated in national 
surveys in the US is up to 8g/d (90th centile) (Hill et al., 2003; Hill, 2009) and up to 
twice this rate for excess weight gain in children (Butte & Ellis, 2003). Estimates of 
the energy cost of excess weight gain (mean growth costs in overweight less mean 
growth costs in normal weight children) are about 550kJ/d (130kcal/d) but this is 
equivalent to only 3-4% of estimated energy intakes (Butte & Ellis, 2003).

Energy balance and energy flux
It is a widely discussed hypothesis that the mechanisms controlling energy balance 423. 
may be more accurate at higher levels of physical activity, with some suggesting 
a threshold of physical activity or energy flux below which these mechanisms 
become imprecise and dysregulated leading to a positive energy imbalance (Blair 
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et al., 2004) and obesity (Mayer & Thomas, 1967). Some evidence that the coupling 
between energy expenditure and energy intake may be less efficient at low levels 
of physical activity (Prentice & Jebb, 2004; Schoeller, 1998) is reviewed here.

Metabolic studies lasting between one and two weeks have covertly manipulated 424. 
the energy density of foods supplied to volunteers fed ad libitum (Prentice, 1998; 
Prentice & Jebb, 2004; Stubbs et al., 1995a; Stubbs et al., 1995b) to investigate the 
impact on energy balance in subjects with different activity levels. For those fed a 
40% fat energy diet, less physically active lean subjects (confined to whole-body 
calorimeters) had a positive energy imbalance of +850 kJ per day compared with a 
negative energy imbalance of -1,800kJ per day observed in those under free-living 
conditions.

Another two day whole-body calorimeter study showed that for lean subjects 425. 
fed ad libitum the imposition of sedentary behaviour resulted in a positive energy 
imbalance especially on a high fat (covertly manipulated) diet whereas planned 
exercise enabled energy balance stability (Murgatroyd et al., 1999). 

A further seven day whole-body calorimeter study showed that lean subjects 426. 
fed ad libitum consumed the same energy intake when sedentary (1.4 x resting 
metabolic rate – RMR) compared with moderately active (1.8 x RMR) exhibiting a 
positive energy imbalance of 15.2 MJ over the seven days of the sedentary regimen 
(Stubbs et al., 2004). 

Some investigators have proposed a threshold of physical activity below which 427. 
appetite control is ineffective (Mayer, 1966). Based on a doubly labelled water 
(DLW) study of previously obese women (Schoeller, 1998), a physical activity level 
(PAL) value of 1.75 has been suggested as the threshold, although the evidence 
supporting this is not strong (Prentice & Jebb, 2004).

While these studies do provide some support for increased physical activity 428. 
enabling better energy balance, the evidence is only short term (one to two weeks), 
and the concept of a threshold of energy flux above which body weight regulation 
is more sensitive has not been demonstrated convincingly.  

Energy flux can be increased through weight gain, which increases basal metabolic 429. 
rate (BMR) independently from any change in physical activity energy expenditure 
(PAEE). Indeed, the increasing cost of exercise with weight gain means that energy 
flux could increase in the obese even when the range and extent of actual activities 
falls. This is suggested by the lack of any obvious relationship between PAL and BMI 
(see Appendix 8). It is not clear whether the apparent improved energy balance 
regulation with increased physical activity, described above for lean adults, occurs 
in the obese (Hill, 2006). It may be, however, that the increasing energy costs of 
PAEE with weight gain represent a barrier to achieving sufficient increases in PAEE 
to improve energy balance regulation.

While physical activity alone seems to be a relatively inefficient means for losing 430. 
weight in overweight individuals, it appears it can be a factor in the successful 
maintenance of weight loss (Astrup, 2006) (see Appendix 7). The efficacy of 
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increased physical activity in maintaining weight loss could be partly due to the 
increased energy flux; the psychological effects of exercise may also be important 
by enhancing well-being and status of control, and hence compliance with a 
restrictive dietary regimen (Prentice & Jebb, 2004). 

Even when increasing PAEE and energy flux does not lead to a loss of body weight 431. 
but a compensatory increase in energy intake, if energy balance is maintained 
this may also result in beneficial nutritional effects through the increased intake 
of other food constituents, such as micronutrients, which reduce the risk of 
nutritional deficiencies and poor nutritional status (Melzer et al., 2005).

Exercise and appetite control
There appears to be a spontaneous reduction in hunger associated with 432. 
participation in exercise programmes (Elder & Roberts, 2007). Short-term (1-2 day) 
and medium-term (7-16 day) physical activity intervention studies show substantial 
initial negative energy balances but energy intake subsequently increases to provide 
partial compensation for about 30% of the energy expended in activity (Blundell 
et al., 2003),  although the extent of compensation varies between individuals (King 
et al., 2007). However, a study investigating the effect of an imposed sedentary 
routine on appetite, energy intake, energy balance and nutrient balance in lean 
men over seven days found no equivalent compensatory reduction in energy 
intake, leading to a significantly positive energy imbalance (Stubbs et al., 2004). 

It seems, therefore, that it might take considerable time for energy intake to fully 433. 
adjust to changes in PAEE. However, there is also evidence that eventual increases 
in food intake do not follow the same pattern in obese as in lean individuals 
(Melzer et al., 2005). 

There is some evidence to suggest that exercise may modulate appetite control 434. 
by improving the sensitivity of the physiological satiety signalling system (Blundell 
et al., 2003; Martins et al., 2008a; Martins et al., 2008b). Compensation for a high-
carbohydrate preload was observed to be more accurate in habitual exercisers 
than non-exercisers (Long et al., 2002), as well as in those who had completed a six 
week moderate-intensity exercise intervention (Martins et al., 2007). Following a 
bout of exercise, subjects were observed to discriminate more accurately between 
the energy content of different beverages (King et al., 1999). 

Summary
While it may not be possible to accurately define the nature of the relationship 435. 
between physical activity, diet and weight gain, evidence reviewed here suggests 
that the matching of energy intake and expenditure may be improved at higher 
expenditure levels. 

Most previous research has focused exclusively on the effects of one type of 436. 
diet or physical activity, or has 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 
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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 how they interact 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 12 – Characteristics of the 
data set of doubly labelled water 
(DLW) measures of energy expenditure 
in children and adolescents

The available doubly labelled water (DLW) data from studies of children aged more 437. 
than one year were examined. A data set of 845 individual values was assembled 
for the US DRI report (IoM, 2005), probably limited to studies published before 
2002. The distribution by age was uneven and included large numbers of infants 
aged under two years, 4-5 and 8-10 year olds, with fewer 2-3 and 10-18 year olds. 

The FAO/WHO/UNU report (FAO, 2004) was based on studies assembled by 438. 
Torun (2005) which were listed in terms of mean study values for children aged 
over one year. This involved many more individual children with a more even age 
spread than that examined in the US DRI report (IoM, 2005).

For this SACN report, a data set of all published DLW studies of children aged over 439. 
one year was compiled (the SACN children’s dataset). This included all those studies 
assembled by Torun (2005) and other studies published up to 2006 (Anderson et 
al., 2004; Arvidsson et al., 2005; Bandini et al., 2002; Bratteby et al., 2005; Craig et 
al., 1996; DeLany et al., 2006; Goran et al., 1993b; Hernandez-Triana et al., 2002; 
Hoos et al., 2003; Lindquist et al., 2000; Lopez-Alarcon et al., 2004; McGloin et al., 
2002; Montgomery et al., 2005; Perks et al., 2000; Roemmich et al., 2000; Rush et 
al., 2003; Sjoberg et al., 2003; Sun et al., 1999; Wong et al., 1999). All studies were 
tabulated according to study mean values for boys and girls for specific age groups 
(see below Table 37). This resulted in 170 data points (study means) representing a 
total of 3502 individual measurements (females=2082, males=1420). They included 
four studies from Central and South America (Brazil, Chile, Guatemala and Mexico) 
but all children were considered well-nourished. The remaining studies were mainly 
from the UK or the USA with single studies from Canada, Denmark, the Netherlands 
and Sweden. Those from the USA involved Caucasian-American, African-American 
and native-American children. UK studies (500 individual measurements) included 
only 15% of the total children studied and these were mainly infants and younger 
children. Only 6% of the total adolescents studied were from the UK.

Physical activity level (PAL) values and basal metabolic rate (BMR) values were not 440. 
included in many of the studies. For all studies which did not report BMR, BMR 
values were estimated using the Henry equations (Henry, 2005) for weight and 
height or just weight if no height data were reported. PAL values were then derived 
from total energy expenditure (TEE) and BMR (see paragraph 79). 

In addition, a data set of individual values obtained from the UK NDNS unpublished 441. 
comparison study was examined. This included 65 subjects between the ages of 
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4 – 18 years. Whilst this sample size was too small to represent a reference data 
set, because it was a uniform sample in terms of the measurement methodology 
and is exclusively UK data it was able to provide useful comparative information 
(see Figure 12 and paragraph 444). 

Number of studies and individuals within the studies and 
general characteristics

442. Mean PAL study values for the SACN children’s data sat are shown in Figure 10. The 
tabulated data can be found in Table 37 at the end of this Appendix. The data set 
includes a reasonable overall age spread in terms of number of studies, although 
there are five or less studies for the age groups 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 
a relative excess of subjects (>600) at 10 years of age. Older adolescents (>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 eight year olds include PAL values from a total of 149 children with 
ages ranging from 5-10.5 years. 

Figure 10 – Mean physical activity level (PAL) study values in the SACN children’s data 
set as a function of age and gender 
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The scatterplot of TEE on BMR is shown in Figure 12. The increase in PAL after the 443. 
age of four years means that the slope of the relationship of TEE with BMR increases 
after this time. This relationship is discussed in more detail in Appendix 5.

Figure 11 – Scatterplot of total energy expenditure (TEE) on basal metabolic rate (BMR) 
(SACN children’s data set) 
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Figure 12 – Physical activity level (PAL) values in the NDNS children's data set as a 
fucntion of age and gender 
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Grouping by age
Overall, PAL appears to increase with age (see Figure 12) from 1.33 to 1.81 between 444. 
the ages of 1 and 18 years. However, there was a clustering of the youngest children 
(aged 1-3 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 adolescents. From an early age (≈5 years) there is a wide range of mean 
study PAL values for boys and girls around the regression and as discussed below 
(see paragraph 448), it is not entirely clear whether the apparent change with age 
for school-age children is real. One possibility was to exclude those studies with 
particularly low mean study values but it was decided that there was insufficient 
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evidence to do this. Therefore, all studies shown in Figure 10 were included in 
the analysis. The NDNS data set, of which individual values are shown in figure 
12 and the median values for 4-9 and 10-18 year olds are shown in Figure 13, also 
displays an increase in PAL between these two age groups (although as shown in 
both Figures, the increase is slightly less than in the main data set). Grouping of all 
study means into three age groups was identified as a valid way of expressing the 
increase in PAL with age, thereby simplifying the calculation of energy reference 
values for children and adolescents. 

Grouping of PAL values within the ages for which BMR is estimated (i.e. 1-3, 3-445. <10 
and 10-18 years) is shown in Figure 13 and Table 34. 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 13 – Grouping of physical activity level (PAL) values by ages 0-3, >3-<10 and 
>10-18 years (SACN children’s data set)
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Figure 12.  Grouping of physical activity level (PAL) values by ages 0–3, >3–<10 and >10–18 
years (SACN children’s data set) 

 
 

Table 34. Grouping of physical activity level (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 
446. 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. No gender differences were observed within the NDNS data set. 

 

Table 35. Influences of gender on physical activity level (PAL) values within the ages 1-3,>3-
<10 and 10-18 years (SACN children’s data set) 

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   

 
 
 
 

  Box & Whisker plot: PAL 
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Table 34 Grouping of physical activity level (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
Factorial ANOVA of PAL by age group and gender shows that gender is not a 446. 
significant influence on PAL but there are significant differences between each of 
the three age groups. No gender differences were observed within the NDNS data 
set, shown in Figure 12.
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Table 35 Influences of gender on physical activity level (PAL) values within the ages 1-3,>3-<10 
and 10-18 years (SACN children’s data set)

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
PAL varies with age within both the 3-447. <10 and 10-18 year 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 year group (p=0.04). The slopes imply increases in PAL of 
0.14 and 0.1 PAL units over the age ranges (3-<10 and 10-18 years respectively), a 
very small change compared with the wide within-group overall range as shown 
above (Table 35). 

It is by no means certain whether the changes with age for school-age children are 448. 
real or reflect selection bias or other between-study factors. Indeed, on the basis 
of the association of PAL values with activity levels as shown in Table 22 (Appendix 
5), many of the mean PAL values for younger school children (PAL<1.5) would 
imply very low activity levels compared with other children at the same age. An 
analysis of the data set by DLW methodology (multipoint, two point or other) 
indicates that the PAL values for those involving the two point method, are almost 
invariably lower (≈ 0.2 PAL units) than the other methodologies and include all the 
very low activity groups. Because these studies represent a considerable fraction 
of studies on children aged from 5-9 years but relatively few involve adolescents, 
their inclusion in the data set does tend to increase the age-related changes in PAL. 
However, as discussed in Appendix 6 (paragraph 318), 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.

Examination of the few studies which report the range of PAL values in randomly 449. 
selected pre-adolescent school children shows that such children do exhibit the 
same wide range of physical activity as the adult population. This is observed in the 

NDNS data set from the age of 7 (see Figure 12). 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: 
tertiles of 1.32-1.63, 1.64-1.80, 1.81-2.18) (Abbott and Davies, 2004). The same group 
reported mean PAL values of a group of 106 school children aged 6.0-9.6 years 
(Ball et al., 2001) which varied over a very wide range of 1.2-2.32, mean = 1.70. The 
combined data from these two studies (n=149) indicated 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 
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Table 36 PAL values for use in calculation of energy requirements of children and adolescents, 
adjusted for growth

Age group  PALa

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
a PAL as indicated in Table 34 adjusted for growth (=PALx1.01)

analysis of variation in PAL values (in relation to adiposity), implied that age was not 
an influence. 

Adjustment of PAL to account for growth costs
450. Actual growth costs calculated by SACN differ only slightly from those reported 

by FAO/WHO/UNU (FAO, 2004). In the US DRI report (IoM, 2005) a simplified 
estimate is reported with single values for the 3-7 and 8-18 year age groups. Within 
the FAO/WHO/UNU report (FAO, 2004) growth costs are also reported as an 
adjustment to average PAL values involving an increase of 1% i.e. an assumption 
that growth costs (deposition) are equivalent to 1% of the energy requirement. 

451. It is the case that if growth costs are calculated as a percentage of the energy 
requirement, the values indicated are an overall average (1-16 years) of 0.98% of 
the energy requirement (range, boys: 0.4% – 1.37%; girls: 0.05% – 1.59% girls). If a 
single average growth value as a percentage of the energy requirement 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% 
of the energy requirement for girls or 0.4% for boys and then overestimated by 
similar amounts as growth slows at the end of adolescence. Relatively, these are 
very small amounts (i.e. 0.01PAL units) given the variation in PAL and overall TEE 
which occurs at all ages.

452. 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 37 SACN data set of all published doubly-labelled water (DLW) studies of children aged 
over one year

Study n Sex
Age 

years
Weight 

kg
Height 

cm BMI
TEE 

MJ/d
BMR 
MJ/d PAL

Abbott et al., 2004 24 F 8 30.1 131.0 17.4 7.90 4.61 1.71

Abbott et al., 2004 23 M 9 30.0 133.0 16.7 8.30 4.92 1.69

Anderson et al., 2004 172 F 10 33.1 141.0 16.6 8.10 5.14 1.58

Arvidsson et al., 2005 16 F 16 56.4 164.0 21.0 9.10 5.70 1.60

Arvidsson et al., 2005 17 M 16 64.1 175.0 21.0 11.30 6.90 1.64

Ball et al., 2001 54 F 8 28.1 127.0 17.2 7.50 4.45 1.69

Ball et al., 2001 52 M 8 27.6 128.0 16.7 7.90 4.70 1.68



163

Study n Sex
Age 

years
Weight 

kg
Height 

cm BMI
TEE 

MJ/d
BMR 
MJ/d PAL

Bandini et al., 1990b 14 F 14 55.7 162.0 21.2 10.00 6.02 1.66

Bandini et al., 1990b 14 M 15 56.4 167.0 20.2 13.00 7.28 1.79

Bandini et al., 2002 123 F 10 30.1 137.0 16.0 7.70 4.90 1.57

Bandini et al., 2002 73 F 11 37.9 146.0 17.8 8.80 5.50 1.60

Bratteby et al., 1997 25 F 15 58.4 167.0 20.9 10.70 5.97 1.79

Bratteby et al., 1997 25 M 15 61.3 174.0 20.2 14.10 7.31 1.93

Bratteby et al., 2005 89 F 15 56.0 165.0 20.4 11.00 5.85 1.88

Bratteby et al., 2005 71 M 15 60.7 175.0 19.7 14.10 7.14 1.97

Butte et al., 2000a 43 F 2 10.9 82.0 16.3 3.50 1.88 1.86

Butte et al., 2000a 33 M 2 11.4 83.0 16.8 3.90 2.01 1.94

Butte et al., 2000a 43 F 2 12.0 88.0 16.6 4.10 2.85 1.44

Butte et al., 2000a 33 M 2 12.5 88.0 16.2 4.10 2.95 1.39

Champagne et al., 1998 31 F 10 39.3 144.0 19.0 9.70 5.34 1.82

Champagne et al., 1998 27 F 10 39.2 146.0 18.0 9.00 4.99 1.80

Champagne et al., 1998 29 M 10 46.4 147.0 21.0 10.60 6.14 1.73

Champagne et al., 1998 31 M 10 42.9 148.0 19.8 10.80 5.93 1.82

Champagne et al., 1998 15 F 10 28.9 8.28 4.52 1.83

Champagne et al., 1998 15 M 10 36.8 10.66 5.26 2.03

Craig et al., 1996 49 F 10 32.6 140.0 16.4 8.40 4.86 1.73

Davies et al., 1991b 16 F 5 18.5 6.18 3.68 1.68

Davies et al., 1991b 12 M 5 18.9 6.88 3.92 1.75

Davies et al., 1991b 15 F 7 26.0 8.17 4.31 1.90

Davies et al., 1991b 10 M 7 24.6 8.15 4.46 1.83

Davies et al., 1991b 15 F 9 29.1 7.57 4.57 1.66

Davies et al., 1991b 14 M 9 29.5 8.95 4.91 1.82

Davies et al., 1991b 10 F 12 49.3 10.53 5.47 1.92

Davies et al., 1991b 8 M 12 39.7 10.48 5.48 1.91

Davies et al., 1991b 11 F 15 58.0 10.12 5.88 1.72

Davies et al., 1991b 12 M 15 60.1 13.47 7.05 1.91

Davies et al., 1991b 11 F 18 62.4 11.09 6.08 1.82

Davies et al., 1991b 12 M 18 71.6 15.05 7.94 1.90

Davies & White 1995 11 M 2 12.7 88.0 16.3 4.50 3.11 1.45

Davies & White, 1995 12 F 2 13.0 89.0 16.4 4.40 3.07 1.43

Davies & White, 1995 16 F 3 14.9 96.0 16.2 4.70 3.51 1.34

Davies & White, 1995 15 M 3 15.0 96.0 16.3 5.10 3.67 1.39

Davies & White, 1995 16 M 4 16.9 104.0 15.6 5.40 3.71 1.46

Davies & White, 1995 11 F 4 17.1 5.30 3.56 1.49

Table 37 (continued) SACN data set of all published doubly-labelled water (DLW) studies of 
children aged over one year
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Study n Sex
Age 

years
Weight 

kg
Height 

cm BMI
TEE 

MJ/d
BMR 
MJ/d PAL

DeLany et al., 2002 65 F 11 37.7 144.0 18.4 8.80 5.63 1.56

DeLany et al., 2002 66 M 11 43.9 146.0 20.1 10.30 6.38 1.61

DeLany et al., 2004 53 F 13 49.1 156.0 23.7 9.20 6.24 1.47

DeLany et al., 2004 61 M 13 55.3 159.0 25.6 11.10 7.17 1.55

DeLany et al., 2006 28 F 11 37.9 145.0 18.0 9.10 5.38 1.69

DeLany et al., 2006 25 F 11 39.4 147.0 18.9 9.70 5.55 1.75

DeLany et al., 2006 31 M 11 45.0 146.0 21.0 10.80 5.83 1.85

DeLany et al., 2006 29 M 11 42.6 143.0 19.5 10.80 6.42 1.68

Ekelund et al., 2001 11 F 9 37.0 139.0 19.2 8.30 5.14 1.61

Ekelund et al., 2001 15 M 9 33.0 140.0 16.8 8.90 5.20 1.71

Ekelund et al., 2002 10 F 17 61.4 166.0 22.3 10.40 6.00 1.73

Ekelund et al., 2002 8 M 18 73.7 180.0 22.7 13.20 7.20 1.83

Ekelund et al., 2004 11 F 10 37.0 139.0 19.2 8.20 5.10 1.61

Ekelund et al., 2004 15 M 10 33.0 140.0 16.8 8.90 5.20 1.71

Ekelund et al., 2004 10 F 17 62.3 166.0 22.6 10.40 6.20 1.68

Ekelund et al., 2004 15 M 18 71.4 179.0 22.3 14.40 8.00 1.80

Fontvieille et al., 1993 15 M 5 21.1 114.0 16.2 5.90 4.34 1.36

Fontvieille et al., 1993 13 F 6 18.9 112.0 15.1 5.60 4.00 1.40

Goran et al., 1993b 14 F 5 21.0 113.0 16.4 5.50 4.54 1.21

Goran et al., 1993b 16 M 5 20.3 112.0 16.2 6.00 4.74 1.27

Goran et al., 1995 34 F 5 20.1 110.0 16.4 5.20 4.20 1.24

Goran et al., 1995 36 M 5 20.1 111.0 16.1 5.80 4.60 1.26

Goran et al., 1998c 11 M 5 21.3 113.0 16.7 6.60 4.90 1.35

Goran et al., 1998c 11 F 6 21.5 114.0 16.5 5.70 4.57 1.25

Goran et al., 1998c 11 M 6 25.2 120.0 17.5 7.50 5.30 1.42

Goran et al., 1998c 11 F 7 24.8 121.0 16.9 7.60 4.80 1.58

Goran et al., 1998c 11 M 9 37.8 138.0 19.8 8.70 5.90 1.47

Hernandez-Triana et 
al., 2002

5 M 5 18.0 110.0 15.0 6.30 3.72 1.69

Hernandez-Triana et 
al., 2002

6 F 6 19.5 6.10 3.76 1.62

Hoffman et al., 2000 14 F 10 30.9 8.08 4.72 1.71

Hoffman et al., 2000 14 M 10 32.0 9.03 4.89 1.85

Hoos et al., 2003 8 F 6 18.6 109.0 15.7 5.70 3.98 1.43

Hoos et al., 2003 3 M 9 21.8 121.0 14.9 7.30 4.34 1.68

Kaskoun et al., 1994 23 F 6 20.7 5.63 3.86 1.46

Kaskoun et al., 1994 22 M 6 19.5 5.84 3.98 1.47

Lindquist et al., 2000 17 M 9 41.2 139.0 20.9 7.90 5.70 1.38

Table 37 (continued) SACN data set of all published doubly-labelled water (DLW) studies of 
children aged over one year
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Study n Sex
Age 

years
Weight 

kg
Height 

cm BMI
TEE 

MJ/d
BMR 
MJ/d PAL

Lindquist et al., 2000 13 F 10 42.9 141.0 20.8 7.90 5.56 1.42

Livingstone et al., 1992 6 M 3 16.4 100.1 5.4 3.98 1.36

Livingstone et al., 1992 2 F 3 15.9 103.0 4.83 3.85 1.26

Livingstone et al., 1992 6 F 5 18.1 110.2 5.38 3.63 1.48

Livingstone et al., 1992 6 M 5 17.9 111.6 6.8 3.87 1.76

Livingstone et al., 1992 6 F 7 23.5 120.4 7.27 4.08 1.78

Livingstone et al., 1992 6 M 7 25.4 125.8 7.98 4.53 1.76

Livingstone et al., 1992 6 F 9 32.2 134.0 7.89 4.78 1.65

Livingstone et al., 1992 6 M 9 30.2 135.2 9.68 4.96 1.95

Livingstone et al., 1992 6 M 12 44.5 152.1 10.98 5.84 1.88

Livingstone et al., 1992 6 F 12 44.8 157.3 10.1 5.33 1.90

Livingstone et al., 1992 6 F 15 57.2 162.2 10.39 5.86 1.77

Livingstone et al., 1992 6 M 15 56.4 173.1 13.03 6.84 1.90

Livingstone et al., 1992 5 F 18 63.9 159.9 10.26 6.10 1.68

Livingstone et al., 1992 5 M 18 78.5 181.3 16.73 8.37 2.00

Livingstone et al., 1992 5 F 8 23.5 120.0 16.3 7.10 4.08 1.74

Livingstone et al., 1992 6 M 8 25.4 126.0 16.0 8.00 4.54 1.76

Livingstone et al., 1992 4 F 9 33.4 134.0 18.6 8.10 4.86 1.67

Livingstone et al., 1992 5 M 9 30.2 135.0 16.6 9.80 4.96 1.98

Livingstone et al., 1992 5 M 13 43.8 152.0 19.0 10.70 5.79 1.85

Livingstone et al., 1992 5 F 13 45.1 158.0 18.1 11.70 5.35 2.19

Livingstone et al., 1992 3 M 15 50.7 11.00 6.33 1.74

Livingstone et al., 1992 3 F 16 55.4 9.60 5.76 1.67

Lopez-Alarcon et al., 
2004

5 F 4 21.3 111.0 17.3 6.00 3.85 1.56

Lopez-Alarcon et al., 
2004

7 M 5 19.7 109.0 16.6 6.20 3.95 1.57

Lopez-Alarcon et al., 
2004

10 M 5 20.0 112.0 15.9 6.10 4.01 1.52

Lopez-Alarcon et al., 
2004

7 F 5 20.7 113.0 16.2 5.70 3.83 1.49

Montgomery et al., 
2005

31 F 6 19.6 112.0 15.4 6.00 3.75 1.60

Montgomery et al., 
2005

32 M 6 20.6 115.0 16.3 6.90 4.09 1.69

Nagy et al., 1997 22 M 7 31.6 129.0 18.4 7.10 5.20 1.37

Nagy et al., 1997 9 F 8 28.8 125.0 18.2 6.70 4.80 1.40

Nagy et al., 1997 25 F 8 32.8 129.0 19.1 6.90 4.90 1.41

Nagy et al., 1997 20 M 8 29.7 130.0 17.4 6.90 5.10 1.35

Table 37 (continued) SACN data set of all published doubly-labelled water (DLW) studies of 
children aged over one year
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Study n Sex
Age 

years
Weight 

kg
Height 

cm BMI
TEE 

MJ/d
BMR 
MJ/d PAL

O’Connor et al., 2001 22 M 7 25.0 123.0 16.4 7.60 4.47 1.70

O’Connor et al., 2001 25 F 8 26.5 124.0 17.1 7.20 4.31 1.67

Perks et al., 2000 27 F 13 49.4 154.0 20.5 9.60 5.70 1.68

Perks et al., 2000 23 M 13 45.1 140.0 18.3 10.10 5.86 1.72

Prentice et al., 1988 8 M 2 11.2 3.89 2.72 1.43

Prentice et al., 1988 8 F 2 11.2 3.89 2.66 1.46

Prentice et al., 1988 6 F 2 13.3 4.51 3.18 1.42

Prentice et al., 1988 6 M 2 13.3 4.51 3.25 1.39

Rennie et al., 2005 21 F 7 22.4 122.0 15.1 6.40 4.02 1.59

Rennie et al., 2005 19 F 7 25.0 123.0 16.7 7.10 4.20 1.69

Rennie et al., 2005 29 M 7 24.5 126.0 15.5 7.80 4.48 1.74

Rennie et al., 2005 31 M 7 26.1 126.0 16.3 8.10 4.58 1.77

Roemmich et al., 1998 12 F 11 36.6 8.07 4.88 1.65

Roemmich et al., 1998 18 M 11 35.3 8.91 5.14 1.73

Roemmich et al., 1998 18 F 14 51.8 9.67 5.59 1.73

Roemmich et al., 1998 11 M 15 54.5 11.28 6.62 1.70

Roemmich et al., 2000 13 F 10 34.7 137.0 18.5 8.90 5.09 1.75

Roemmich et al., 2000 14 M 11 34.8 143.0 17.0 9.10 5.20 1.75

Roemmich et al., 2000 18 F 13 51.2 158.0 20.5 9.40 5.70 1.65

Roemmich et al., 2000 14 M 13 52.0 162.0 19.8 10.70 6.80 1.57

Rush et al., 2003 13 M 10 35.4 140.0 17.5 9.80 5.90 1.66

Rush et al., 2003 13 F 10 35.5 140.0 17.4 8.10 5.05 1.60

Salazar et al., 2000 14 M 4 17.6 6.19 3.80 1.63

Salazar et al., 2000 14 F 5 17.6 5.73 3.60 1.59

Saris et al., 1989 10 F 8 28.2 8.06 4.49 1.79

Saris et al., 1989 9 M 9 30.9 9.00 5.05 1.78

Sjoberg et al., l 2003 17 F 16 56.4 164.0 20.8 10.10 5.85 1.73

Sjoberg et al., 2003 18 M 16 64.1 176.0 20.8 12.70 7.38 1.72

Spadano et al., l 2005 28 F 10 33.7 141.0 16.9 8.20 5.20 1.58

Spadano et al., 2005 28 F 12 45.3 154.0 19.0 9.40 5.92 1.59

Spadano et al., 2005 24 F 15 58.4 165.0 21.6 10.40 5.85 1.78

Sun et al., 1998 30 M 7 30.5 128.0 18.6 7.20 5.29 1.36

Sun et al., 1998 29 F 8 34.5 129.0 20.7 7.20 5.06 1.42

Sun et al., 1998 21 M 8 29.3 130.0 17.3 7.10 5.20 1.37

Sun et al., 1998 18 F 8 41.2 132.0 23.6 8.10 5.35 1.51

Sun et al., 1999 30 F 8 31.6 128.0 18.7 7.00 4.80 1.46

Sun et al., 1999 34 M 8 34.9 133.0 21.8 7.30 5.60 1.30

Table 37 (continued) SACN data set of all published doubly-labelled water (DLW) studies of 
children aged over one year
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Study n Sex
Age 

years
Weight 

kg
Height 

cm BMI
TEE 

MJ/d
BMR 
MJ/d PAL

Sun et al., 1999 30 M 9 34.4 132.0 19.3 7.10 5.60 1.27

Sun et al., 1999 18 F 9 40.5 134.0 19.2 7.70 5.60 1.38

Treuth et al., 1998 12 F 8 28.5 129.0 17.1 6.59 4.50 1.46

Treuth et al., 1998 12 F 9 46.5 134.0 25.9 8.40 5.40 1.56

Treuth et al., 2000b 30 F 9 27.2 130.0 15.9 7.10 4.41 1.61

Treuth et al., 2000b 44 F 9 28.0 130.0 16.5 7.40 4.47 1.66

Treuth et al., 2000b 27 F 9 29.6 131.0 17.2 7.50 4.58 1.64

Trowbridge et al., 1997 18 F 8 40.3 7.40 5.00 1.48

Trowbridge et al., 1997 27 F 8 33.8 7.40 5.10 1.45

Trowbridge et al., 1997 13 M 8 28.5 7.80 5.40 1.44

Trowbridge et al., 1997 17 M 8 30.8 7.70 5.50 1.40

Valencia et al., 1995 10 M 8 26.9 6.60 4.67 1.41

Valencia et al., 1995 10 M 8 27.2 7.49 4.70 1.59

Vasquez et al., 2006 12 F 4 23.1 108.0 20.6 6.20 4.00 1.55

Vasquez et al., 2006 12 M 4 22.3 108.0 19.1 6.80 4.23 1.61

Wong et al., 1994 9 F 13 43.3 155.0 17.8 9.70 5.24 1.85

Wong et al., 1999 41 F 13 57.5 160.0 22.5 10.10 5.57 1.81

Wong et al., 1999 40 F 14 53.2 159.0 20.9 11.80 5.90 2.00

Wren 1997 8 M 5 19.1 5.80 3.94 1.47

Wren 1997 8 F 5 18.5 5.22 3.68 1.42

Table 37 (continued) SACN data set of all published doubly-labelled water (DLW) studies of 
children aged over one year
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Appendix 13 – Comparisons with the 
existing DRVs for energy from the 1991 
COMA report ‘Dietary Reference Values 
for Energy and Nutrients for the United 
Kingdom’.

Overarching differences
The energy reference values detailed in this SACN report derive from a methodology 453. 
which differs from that employed in 1991 by the Committee on Medical Aspects of 
Food Policy (COMA) (Department of Health (DH) 1991) in several ways. In contrast 
to the COMA report (DH, 1991): 

Energy reference values have been calculated from rates of total energy  •
expenditure (TEE) assessed by the doubly labelled water (DLW) method. This 
has been used either directly as a measure of TEE for infants or, in all other 
cases, to identify suitable physical activity level (PAL) values which have been 
employed within a factorial calculation as basal metabolic rate (BMR) x PAL. 

BMR has been estimated using the Henry prediction equations (Henry 2005),  •
resulting in slightly lower BMR values than would have been estimated from the 
Schofield equations (Schofield et al., 1985) used by COMA in 1991. 

The population PAL values identified are higher. •  In this report, a value of 1.63 has 
been used as the population PAL value for adults compared to a PAL value of 1.4 
commonly cited from the COMA report (Table 2.8 DH, 1991).

A prescriptive approach has been adopted, calculating energy reference values  •
on the basis of healthy body weights (i.e. using a desirable body mass index – 

BMI) which gives slightly lower values than those used by COMA. 

Infants aged 1-12 months
COMA defined energy reference values for infants aged 0-12 months on the basis 454. 
of available evidence on TEE and energy intakes. 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. 

SACN followed the approach of the FAO/WHO/UNU (Butte, 2005; FAO, 2004) 455. 
using more recent infant growth data from the UK-WHO Growth Standards (RCPCH, 
2011). Separate values are provided for breast-fed and breast milk substitute-fed 
infants, and values are also given for when the method of feeding is mixed or 
not known. The new energy reference values described in this SACN report are 
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10-14% higher at 0-3 months but are lower by between 7-18% for infants after three 
months of age compared to the COMA values (see Table 38). 

Children and adolescents aged 1-18 years
For children aged 1-10 years, in the absence of sufficient TEE data, COMA based 456. 
its reference values on energy intake data. For older children and adolescents 
(aged 10-18 years), COMA defined energy reference values with a factorial model 
assigning PAL values of 1.56 for boys and 1.48 for girls with small additions made for 
growth costs. The PAL values used were lower for girls compared to boys, with the 
gender differences based on the view that girls exhibited lower levels of physical 
activity than boys. Average weights and heights from studies available at the time 
were used by COMA to calculate BMR using the Schofield equations.

SACN calculated energy reference values for boys and girls aged 1-18 years using a 457. 
factorial model. PAL values were identified for three age groups (1-<3, 3-<10 10-18 
years) from an analysis of DLW measures of TEE and adjusted for growth in terms 
of a 1% increase. As discussed in Appendix 5 (paragraph 276), in the DLW data sets 
examined in this SACN report no differences in PAL with gender were identified for 
children (or adults) and the same PAL values are therefore used for boys and girls. 
Three PAL values are presented in the current report for the three age groups of 
children representing “less active”, “typically active” and “more active” (see paragraph 
461 for further detail under the adults section). The new energy reference values 
were calculated from BMR values estimated using Henry equations based on what 
can be considered best estimates of healthy body weights i.e. mean weights from 
the UK-WHO Growth Standards (RCPCH, 2011) (ages 1 to 4 years) and from the 50th 
centile of the UK 1990 reference for children and adolescents (Freeman et al., 1995) 
for children aged more than four years.

Table 38 shows energy reference values for infants, children and adolescents in 458. 
the current SACN report based on median PAL values for the various age groups 
compared with summary values reported by COMA (in Table 2.6 DH, 1991), with 
the change in this report shown as a percentage. 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, lower values from 3 months 
to 10 years, with higher values for adolescents, especially girls (up to 16% higher) 
due to use of a higher PAL value. 
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Table 38 Energy reference values for infants, children and adolescents in the current report 
compared with values reported by COMAa 

Age Energy reference values (MJ/d)

COMA (1991)a SACN 2011 Change (±%)

Boys Girls Boys Girls Boys Girls

0-3 months 2.3 2.2 2.6b 2.4b 14 10

4-6 months 2.9 2.7 2.7b 2.5b -8 -7

7-9 months 3.4 3.2 2.9b 2.7b -15 -16

10-12 months 3.9 3.6 3.2b 3.0b -16 -18

1-3 years 5.2 4.9 4.1 3.8 -20 -22

4-6 years 7.2 6.5 6.2 5.8 -14 -11

7-10 years 8.2 7.3 7.6 7.2 -8 -2

11-14 years 9.3 7.7 9.8 9.1 6 18

15-18 years 11.5 8.8 12.6 10.2 9 15
a DH, 1991
b Using the comparable values for breast milk substitute fed infants (see Table 5).

Adults
The COMA report listed EAR values for energy for men and women aged 19-29 459. 
years and 30-59 years calculated as BMR x PAL. BMR was calculated from modified 
Schofield equations (Schofield et al., 1985) for a wide range of body weights, and 
EAR values were listed for nine PAL values ranging from 1.4 to 2.2. Summary values 
were then presented for men and women aged 19-49 years and 50-59 years using 
a the PAL value of 1.4 (Table 2.8 DH, 1991).  

COMA derived its PAL values from an analysis of PAR values for specific activities 460. 
because at that time more reliable information on PAL values was unavailable. 
COMA assumed that much of the population had an inactive lifestyle and 
recommended that when activity patterns were unknown, energy reference values 
for the adult population should be based on a PAL value of 1.4. 

This SACN report employs a different approach to identifying PAL values and 461. 
to formulating specific recommendations for population subgroups. Thus, the 
magnitude and distribution of PAL values reflect measured values of TEE and BMR 
in reference populations. For adults in this report, PAL values of 1.49, 1.63 and 1.78 
equate to the 25th, median and 75th centile. These values represent the less active, 
typically active, and the more active, and can only be equated to lifestyles in 
very general categories: i.e. sedentary, low and moderate activity. In practice, 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. The 
likely extra energy required for specific activities can aid such judgements (see 
Table 13).
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The EAR values for adults reported by COMA were calculated from median 462. 
body weights from a 1980 survey of adult heights and weights in Great Britain 
equivalent to BMI values of 24.1 and 24. 9 kg/m2 for men and 23.1 and 24.7 kg/m2 
for women, for ages 19-49 and 50-59 years respectively. Although not discussed as 
such, COMA identified weight-maintaining energy reference values and gave only 
brief consideration to a healthy PAL value (i.e. an additional 0.1 PAL was suggested 
for exercise associated with maintenance of cardiovascular health, increasing PAL 
from 1.4 in a previous non-active group to 1.5).

In contrast, in this SACN report the increasing prevalence of overweight and 463. 
obesity has been recognised and the new energy reference values are prescriptive 
i.e. they are calculated for body weights which are consistent with long-term 
good health. In adults, a healthy body weight range is generally defined as a BMI 
between 18.5-24.9kg/m2, however, for the purposes of calculating the revised EAR 
values, healthy body weights are identified as body weights equivalent to a BMI of 
22.5kg/m2 from current mean heights for men and women (see paragraph 92). This 
approach is similar in principle to that taken in the FAO/WHO/UNU report (FAO, 
2004) which was also prescriptive (or “normative”), recommending that reference 
EAR values should be identified in relation to height and listing values which would 
maintain BMI between 18.5 and 24.9 kg/m2. 

In this report, the influence of age on energy requirements is limited to that 464. 
associated with the fall with age in BMR per kg body weight. The recommendations 
in terms of PAL values, therefore, are the same for 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 activity of any sort will gain benefit in 
terms of lower mortality (Manini et al., 2006). With an increasing lack of mobility, 
energy expenditure and requirements will fall so that PAL values at or below 
the lower quartile (i.e. PAL=1.49) will become more appropriate. For those who 
are immobile, falling food intakes associated with reduced energy requirements 
increase the potential for nutrient deficiencies. As a result nutrient dense food 
becomes particularly important for this population group. 

Despite being calculated using a PAL value about 16% higher than that used by 465. 
COMA (DH, 1991), the revised all-adult energy reference values reported here are 
3% higher for men and 7-9% higher for women (see Table 39). This is explained by 
the use of a 5-7% lower average body weight for the all-age category of adult men 
and women. It should be noted that these revised values are within the range of 
measurement error. 
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Table 39 Comparison of COMAa and new SACN mean adult population EAR values 

Age group 
(years)

Weight 
(kg)

COMA EAR 
(MJ/d)c

SACN EAR 
(MJ/d)d

% change for 
SACN values

All men 69.2b – 10.9 –

19-49 74.0 10.6 – 2.8

50-59 74.0 10.6 – 2.8

All women 58.7b – 8.7 –

19-49 60.0 8.1 – 7.4

50-59 63.0 8.0 – 8.7
a DH, 1991
b Weights calculated for a Body Mass Index of 22.5kg.m2 at mean heights reported in the 2009 
Health Survey for England (NHS IC, 2010). 
c From Table 2.8 COMA (DH, 1991) based on PAL=1.4 and BMR calculated from mean bodyweights 
from National Diet and Nutrition Survey 1986/1987
d New SACN summary values for adults at PAL = 1.63

Table 40 compares the new SACN EAR values with values calculated using the 466. 
approach adopted by COMA at the same healthy weights and PAL of 1.63 used 
by SACN to allow a more like for like comparison of the different methodologies 
used. The differences are the result of the Henry BMR prediction equations (Henry, 
2005) used in the present SACN report (based on height and weight) providing 
slightly lower estimates of BMR than the weight-based Schofield equations (about 
4% for men under 65 years and 3% for women). 
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Table 40 Comparison of the new SACN EAR values with values calculated using the approach 
adopted by COMAa at the same weights and PAL value used by SACN 

Age group 
(years)

Height (cm) Weight (kg) 
BMIb = 

22.5 kg/m2

COMA EAR 
(MJ/d)c

SACN EAR 
(MJ/d)d

% change for 
SACN values

Men

19-24 178 71.5 12.1 11.6 -4.1

25-34 178 71.0 12.0 11.5 -4.2

35-44 176 69.7 11.4 11.0 -3.5

45-54 175 68.8 11.3 10.8 -4.4

55-64 174 68.3 11.3 10.8 -4.4

65-74 173 67.0 9.4 9.8 4.3

75+ 170 65.1 9.2 9.6 4.3

Women

19-24 163 59.9 9.4 9.1 -3.2

25-34 163 59.7 9.4 9.1 -3.2

35-44 163 59.9 9.1 8.8 -3.3

45-54 162 59.0 9.0 8.8 -2.2

55-64 161 58.0 9.0 8.7 -3.3

65-74 159 57.2 8.0 8.0 0

75+ 155 54.3 7.9 7.7 -2.5
a DH, 1991
b Body Mass index (BMI)
c EAR= PAL (1.63) x Basal Metabolic Rate (BMR), with BMR calculated using the modified Schofield 
equations (DH, 1991)
d EAR= PAL (1.63) x BMR, with BMR calculated using the Henry equation (see Appendix 4)

Comparison with COMA report for pregnancy
The COMA report recommended an increment in EAR of 0.8MJ/d above the pre-467. 
pregnant EAR only during the last trimester. In the absence of sufficient evidence 
to revise this recommendation, SACN considered it prudent to retain the EAR for 
pregnancy set by COMA. For pregnant women, unlike other adults, SACN has set 
energy requirements (EAR’s) at actual pre-conceptional body weights, rather than 
at healthy body weights (see paragraph 129).

Comparison with COMA report for lactation 
The COMA report recommended an increment of 1.9-2.4MJ/day (454-574kcal/day 468. 
additional energy for the first six months of lactation and recognised two distinctive 
groups of breastfeeding mothers firstly, women who practised exclusive or almost 
exclusive breastfeeding until the baby was 3-4 months old and then progressively 
introduced complementary foods as part of an active complementary feeding 
process which often lasted 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 
for 6 months or more (Group 2).
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The energy reference value identified in this report for lactation, an increment 469. 
of 1.38MJ/day (330kcal/day) for the first six months, is the same as previously 
recommended in the US DRI report (IoM, 2005), but considerably lower than that 
recommended for the first six months by COMA. The COMA values are higher 
due to the application of an efficiency factor of 0.8, to adjust for the efficiency 
of conversion of maternal energy intake to milk, which is insecure and likely to 
overestimate the true synthetic cost.
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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. 

Average Used here as a general term embracing both median and mean

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 fatness 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 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 metabolisable energy intake and total 
energy expenditure. A neutral energy balance occurs when 
energy intake is equal to energy expenditure. 
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Energy flux Energy flux or turnover is the rate at which energy in all its 
forms flows through the body on a daily basis (chemical, work, 
thermal). For an individual in energy balance the energy flux is 
numerically the same as energy expenditure or energy intake. 
Provided energy intake matches energy expenditure then energy 
balance will be maintained whether the energy flux itself is at a 
higher or lower level.

Estimated Average 
Requirement (EAR)

Estimated Average Requirement of a group of people for energy 
or protein or a vitamin or mineral. About half of a defined 
population will usually need more than the EAR, and half less.

Excess Post exercise 
oxygen consumption 
(EPOC)

Excess oxygen consumption following exercise. Small increase in 
energy expenditure following exercise which persists for some 
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

See Themic Effect of 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. 
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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 of glucose from plasma 
for any given concentration of insulin. 

Kilocalorie (kcal) Units used to measure the energy value of food, 1kcal = 4.18kJ

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. 

Metabolisable 
energy (ME)

The energy contained within food that is available to human 
metabolism as ATP after digestion and absorption. 

Metabolic 
equivalent (MET)

Specific unit of measurement of energy expenditure by the 
body: equivalent to the BMR of an average adult; 1 MET = 3.5 ml 
O2. kg-1. min-1

Net Metabolisable 
energy (NME)

The ATP producing capacity of foods which is available to the 
body excluding unavoidable energy use in nutrient absorption 
and excretion of waste products. 

Non exercise activity 
thermogenesis 
(NEAT)

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

Normative See prescriptive.

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. 

Prescriptive Relating to an ideal standard: e.g. of body weight or physical 
activity. Sometimes used interchangeably with normative. As 
distinct from status quo.
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Reference Nutrient 
Intake (RNI)

The Reference Nutrient Intake for a nutient is the amount of the 
nutrient that is enough, or more than enough, for about 97% of 
people in a group. If the average intake of a group is at the RNI, 
then the risk of deficiency in the group is very small.

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

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.

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.

Linear Regression 
Analysis

Simple linear regression – A statistical method that attempts  •
to explain the relationship between a dependent variable and 
a single independent variable by fitting a linear equation to the 
observed data
Multiple linear regression – The regression of a dependent  •
variable on more than one independent variable.

Mean The sum of the observations divided by the number of 
observations: similar to the median only if the data set is 
normally distributed

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

Median The midpoint or 50th centile of a distribution

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

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.

Residuals A term denoting a quantity remaining after some other quantity 
has been subtracted. In terms of regression modelling the values 
by which the observations differ from the model values are 
called residuals.
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Standard Error of 
Estimates (SEE)

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.
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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	Organization/World	Health	

Organization/United	Nations	University
FFM		 Fat	Free	Mass
FFQ		 Food	Frequency	Questionnaire
FM		 Fat	Mass
GDA		 Guideline	Daily	Amount
GE		 Gross	Energy
GWG	 Gestational	Weight	Gain
HR		 Heart	Rate
HRM		 Heart	Rate	Monitor
HSE		 Health	Survey	for	England
J	 Joule
kJ		 Kilojoule
ME		 Metabolisable	Energy
MET		 Metabolic	Energy	Equivalent
MJ	 Megajoule
NDNS		 National	Diet	and	Nutrition	Survey
NFS		 National	Food	Survey
NME		 Net	Metabolisable	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
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SI		 System	of	Units
SPA		 Spontaneous	Physical	Activity
TEE		 Total	Energy	Expenditure

TEF		 Thermic	Effect	of	Food
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