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,)#25"2"49"-,6#2;;"8)5)#2)20)<6296-2;)2BES2G2;)2S-%)&$T)0$F&23+&5$);25"2;)2R);+52VS3RW2)&);$T)&2;6#
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,"0&6;6%H)2G2+&)#2,L0&$0)#25"2("5$0$F&2(.#2#6/$#,$0)5)#2G2"&2;)2-"$&,"-9-",)0$F&25"2;6#25),6#2"4$#,"&,"#C
"#2$(96-,)&,"2"4)($&)-29"-$F5$0)("&,"2;)20+"#,$F&25"2;)#2&"0"#$5)5"#2&+,-$,$8)#>2]&260,+<-"25"2A@@JC
"49"-,6#2"&2&+,-$0$F&29-68"&$"&,"#25"2,6562";2(+&5629)-,$0$9)-6&2"&2;)276&#+;,)2($4,)25"2"49"-,6#
BES'S3R'U&$8"-#$5)525"2;)#2D)0$6&"#2U&$5)#2VUDUW2#6<-"2"&"-%H)2"&2;)2&+,-$0$F&2:+()&)29)-)
:)0"-2-"06("&5)0$6&"#2#6<-"2;)#2&"0"#$5)5"#2"&"-%L,$0)#2:+()&)#>
]&2";29-"#"&,"2&b("-625"2-0*21+(,/*3+$%&'()*/*3+%4%-.)*/'0('),2#"2"4)($&)&2)#+&,6#2-";)0$6&)56#

06&2;)#2&"0"#$5)5"#2"&"-%L,$0)#2:+()&)#29)-,$"&5625"256#29"-#9"0,$8)#2/6-(+;)5)#2"&2";29-60"#625"2;)#
06&#+;,)#25"2"49"-,6#>2];2)-,H0+;625"2=-)^)#:2R:",,G2#"2-"(6&,)2)2;)29-$("-)206&#+;,)25"2"49"-,6#25"
J_I@2G2"49;$0)2);%+&)#25"2;)#25$/H0$;"#20+"#,$6&"#2)2;)#2*+"2,+862*+"2"&/-"&,)-#"2"#,"2%-+9629$6&"-625"
0$"&,H/$06#>2E29"#)-25"2;6#2%-)&5"#20)(<$6#2*+"2:)&2,"&$562;+%)-2"&2";20)(9625"2;)2&+,-$0$F&25"#5"2";
5"0"&$625"2J_I@C2;)2()G6-29)-,"25"2;6#206&0"9,6#25"/$&$56#2"&2"#)206&#+;,)2#6&2-";"8)&,"#2:6G>2R$&
"(<)-%6C2";20)(9625"2;)2&+,-$0$F&2:)2)8)&T)562-.9$5)("&,"25"#5"2*+"2#"2-"+&$F2";29-$("-2%-+9625"
0$"&,H/$06#>2]&2;)206&#+;,)25"2A@@JC2;6#2"49"-,6#29+#$"-6&2"&2"&,-"5$0:62;6#206&0"9,6#2)&,"-$6-"#2#6<-"
;)2&+,-$0$F&206&,-)#,.&56;6#2)2;)2;+T25"2+&2/")5'620-"0$"&,"25"2$&8"#,$%)0$F&20$"&,H/$0)2<)#)5)2"&2,"0&6Z
;6%H)#2#6/$#,$0)5)#2,);"#206(62;)2,L0&$0)25";2$#F,6962"#,)<;">2];2#$%+$"&,"2)-,H0+;6C25"2̀ 6<"-,2X"$#";;C
96&"25"2-";$"8"2;6#206&#$5"-)<;"#2)8)&0"#2G206(9;"a$5)525";20)(9625"2;)2&+,-$0$F&C2";2)+("&,625";
&b("-625"20$"&,H/$06#2$&,"-&)0$6&);"#25"5$0)56#2)2;)2$&8"#,$%)0$F&2"&2&+,-$0$F&2G2#+#2)9;$0)0$6&"#C2G2;)#
$(9;$0)0$6&"#296;H,$0)#2G2"06&F($0)#25"2;)#2-"06("&5)0$6&"#C2;)#20+);"#2#6&2(6,$8625"2-"8$#$6&"#29"Z
-$F5$0)#25";29-60"#625"2;)#206&#+;,)#25"2"49"-,6#>
h6#29-6%-"#6#25"2;)2,"0&6;6%H)2"(9;")5)2"&2;)2$&8"#,$%)0$F&2#6<-"2&+,-$0$F&C2);2,$"(962*+"2:)&

)+("&,)562;)20"-,"T)25"2;)#2("5$0$6&"#25";2%)#,62,6,);25"2"&"-%H)C2:)&2)(9;$)562;)#25$/"-"&0$)#2"&,-"2;6#
9)H#"#2"&20+)&,62)2;)2$&8"#,$%)0$F&>2h6#29)H#"#2"&25"#)--6;;62#"2:)&2"&06&,-)562#$&2-"0+-#6#29)-)2+,$;$T)-
;)#2&+"8)#2(",656;6%H)#25"<$562)2;6#2);,6#206#,6#25"2;)20)9)0$,)0$F&2,L0&$0)C2;6#2#6/$#,$0)56#2"*+$96#2G
;6#2$#F,696#2($#(6#>2R$&2"(<)-%6C206(62#"2#"p);)2"&2";2)-,H0+;625"2]-$0ZE;)$&2E,"%<6C2#$2#"2*+$"-"&
)569,)-25"0$#$6&"#2)9-69$)5)#2"&2-";)0$F&206&2;)#2&"0"#$5)5"#2"&"-%L,$0)#2:+()&)#2"&2";2(+&56C2"#
/+&5)("&,);2-"069$;)-25),6#2"#,.&5)-2#6<-"2,65)#2;)#29"-#6&)#25"2,65)#2;)#2"5)5"#2G29)H#"#>
76&,$&+)&56206&2";2,"()25"2;)2"&"-%H)C2Y"&a)(H&2N6-b&2"4)($&)2;)2$(96-,)&0$)25"2$&0;+$-2;)2)0,$Z

8$5)52/H#$0)2:)<$,+);2"&2;6#2-"*+$#$,6#2"&"-%L,$06#25"2;)#296<;)0$6&"#25"2;6#29)H#"#2"&25"#)--6;;6>2];
)-,H0+;625"27"0$;$)2E;<);)C2\+;$)&)2c)$&2G2̀ $0)-562U)+G296&"25"2()&$/$"#,62;)2/+&0$F&28$,);25"2;)#2&"0"Z
#$5)5"#2"&"-%L,$0)#2"&2";20-"0$($"&,62G25"#)--6;;62:+()&6#C25"#0-$<$"&562;)2;)<6-2-");$T)5)2"&27:$;"
9)-)2;+0:)-206&,-)2";2-",-)#625";20-"0$($"&,6>2];2"4)("&25"2;)2"&"-%H)2"&2;)2&+,-$0$F&2:+()&)2,"-($&)
06&2+&2"#,+5$625"2d$&)2c"&&"5G25"2;)2#$,+)0$F&25"2;)2"&"-%H)2);$("&,)-$)25+-)&,"2;6#2b;,$(6#2K@2)p6#
*+"2$&0;+G"25),6#25";2"*+$;$<-$625"2;6#2";"("&,6#2&+,-$,$86#296-2-"%$F&C2#$,+)0$F&2"06&F($0)2G2#"46>
]#9"-)(6#2*+"2;)2$&/6-()0$F&29-696-0$6&)5)2"&2";29-"#"&,"2&b("-62)G+5"2)29;)&$/$0)-2("5$5)#

06&26<a",625"2-"5+0$-2;)#25"#$%+);5)5"#2G2)2"#,$(+;)-296;H,$0)#2*+"29"-($,)&2);0)&T)-2;)2#"%+-$5)5
);$("&,)-$)2)2,65)#2;)#29"-#6&)#>
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()&26-2O6()&C2:)#C2:6O"8"-C2+&5"-%6&"
(65$/$0),$6&268"-2,$(">2E;,:6+%:2,:"206&Z
0"9,26/2)2-"/"-"&0"2()&26-2O6()&2O)#206&Z
#$5"-"52)206&8"&$"&,2#,)-,$&%296$&,2 /6-
"4,-)96;),$6&2)&52&6,2$&,"&5"52,62#+%%"#,2)&
$5");2#,)&5)-5C2,:$#206&0"9,2:)#2<""&2-";"%),"5
$&2(6#,2$&#,)&0"#2)#2<"$&%2+&5+;G2-"#,-$0,$8"
O$,:2,:"2-"06%&$,$6&2,:),2<6,:2<65G2#$T"2)&5
9:G#$0);2)0,$8$,G29),,"-&#28)-G2O6-;5O$5"2)&5

+&5"-%625-)(),$020:)&%"#268"-2,$(">
N:"2J_q?2`"96-,26/2,:"2\6$&,2BES'

XPS2E52P602]49"-,276(($,,""26&2]&Z
"-%G2)&52=-6,"$&2̀ "*+$-"("&,#2-"$,"-),"5
#,),"("&,#2,:),2:)52<""&2()5"2$&2,:"29)#,
<G2"49"-,2%-6+9#2,:),2-"06(("&5),$6&#2/6-
&+,-$"&,2-"*+$-"("&,#2#:6+;52<"2)99;$"52,6
%-6+9#2)&52&6,2,62$&5$8$5+);#>2P6O"8"-C2,:"
J_q?2-"96-,2);#62()5"2,O62)55$,$6&);2$(Z
96-,)&,296$&,#12V)W2,:),2"#,$(),"#26/2-"Z
*+$-"("&,#2)-"25"-$8"52/-6(2$&5$8$5+);#
-),:"-2,:)&2%-6+9#u2)&52V<W2,:),2,:"2&+,-$Z
"&,2-"*+$-"("&,#26/206(9)-)<;"2$&5$8$5+Z
);#26/,"&28)-G>
N:"2J_vI2-"96-,2O)#28"-G20;")-2$&2$,#

#,),"("&,2,:),2"#,$(),"#26/2"&"-%G2-"*+$-"Z
("&,#2#:6+;5C2)#2/)-2)#296##$<;"C2<"2<)#"526&
"#,$(),"#26/2"&"-%G2"49"&5$,+-"C2#$&0"2,:"
9-"8)$;$&%2(",:6526/25","-($&),$6&2t2/-6(
6<#"-8"52$&,)^"#26/2/6652"&"-%G2t2O)#2<"Z
06($&%2+&-";$)<;"2)&52),2,:"2#)("2,$("
#"-8"52,62#+996-,2)20$-0+;)-2)-%+("&,2,:),
)00"##2,62/66525","-($&"52"&"-%G2&""5#>2N:"
-),$6&);"2/6-2,:$#206&0;+#$6&2O)#2,:),2<6,:
$&25"8";69$&%2)&525"8";69"5206+&,-$"#2)0Z
,+);2"&"-%G2$&,)^"#2)-"2&6,2&"0"##)-$;G2,:6#"
,:),2"$,:"-2()$&,)$&2)25"#$-)<;"2<65G2O"$%:,
6-29-68$5"2/6-269,$();2;"8";#26/29:G#$0);2)0Z
,$8$,G2)&52:"&0"2:");,:2$&2$,#2<-6)5"#,2#"&#">
N:"2"49"-,#2),2,:"2J_vI206&#+;,),$6&2O"-"
)O)-"26/2,:"2;$($,"525),)26&2"&"-%G2"49"&Z
5$,+-"#C29)-,$0+;)-;G2)(6&%20:$;5-"&>2N:"G
O"-"2);#6206&#0$6+#26/2,:"2/)0,2,:),2&62-";$Z

)<;"2)&52O$5";G2+#)<;"2(",:652O)#2)8)$;)<;"
,62,:"2#0$"&,$/$02)&52)0)5"($0206((+&$,G
,6206;;"0,2#+0:25),)2/-6(2)2-)&%"26/2969+Z
;),$6&2%-6+9#2O6-;5O$5">
X:"&2,:"2\6$&,2BES'XPS'UDU2]4Z

9"-,276&#+;,),$6&26&2]&"-%G2$&2P+()&2D+Z
,-$,$6&2O)#206&8"&"52$&2A@@J2$&2̀ 6("2,:"
#$,+),$6&2-";),"52,62,:"2;)0^26/25),)2,62)--$8"
),2-");$#,$02)&52"8$5"&0"Z<)#"52-"06(("&Z

5),$6&#2:)525-)(),$0);;G20:)&%"5>2E;(6#,
);;2,:"2-"06(("&5),$6&#2,:),2)-"2;$^";G2,6
<"2()5"2$&2,:"2(6#,2-"0"&,2-"96-,2,62<"29+<Z
;$#:"52;),"-2$&2,:"2G")-2A@@A2O$;;2<"2<)#"526&
-";$)<;"2(")#+-"("&,#26/2,6,);2"&"-%G2"4Z
9"&5$,+-"26<,)$&"52/-6(2$&/)&,#C20:$;5-"&C
)56;"#0"&,#C2)5+;,#2)&52,:"2";5"-;GC2)#2O";;2)#
$&2#9"0$);29:G#$6;6%$0);2#,),"#2#+0:2)#29-"%Z
&)&0G2)&52;)0,),$6&>

Measurement of energy
expenditure and its
implication for
estimating energy
requirements
[&2,:"2;)#,2,O625"0)5"#C2()a6-2,"0:&6;6%Z
$0);2)58)&0"#2+#$&%2#,)<;"2V$>">2&6&Z-)5$6Z
)0,$8"W2$#6,69"#2:)8"2:)52)25-)(),$02$(9)0,
6&2,:"2(")#+-"("&,26/2"&"-%G2"49"&5$Z
,+-"#26/2/-""Z;$8$&%2$&5$8$5+);#2$&2-");Z;$/"
#$,+),$6&#>2]#,$(),"#2<)#"526&2,:"#"2(")#Z
+-"("&,#2:)8"2-"9;)0"5C2,62)2;)-%"2"4,"&,C
,:"2"#,$(),"#2+#$&%2<6,:25$-"0,2)&52$&5$Z
-"0,20);6-$(",-G2)&52,:"2)##60$),"525"9"&5Z
"&,2(",:656;6%$"#2#+0:2)#2:")-,2-),"
(6&$,6-$&%C2)0,$8$,G2(6&$,6-$&%C29"56("Z
,"-#2)&52)0,6(","-#>2[,2$#2$(96-,)&,2,62-"$,Z
"-),"2,:),2,:"#"206&8"&,$6&);2(",:65#
06&,$&+"2,62<"2$(96-,)&,2<"0)+#"2,:"2#,)Z
<;"2$#6,69"2,"0:&$*+"2(")#+-"#20+(+;),$8"
,6,);2"&"-%G2"49"&5$,+-"268"-2)29"-$6526/
,$("2)&529-68$5"#2&62)00+-),"2"#,$(),"26/
5)GZ,6Z5)G28)-$),$6&#26-2$&/6-(),$6&2-";),Z

$&%2,62,:"2&),+-"2)&529),,"-&26/25)$;G2)0Z
,$8$,$"#>

Doubly-labelled water technique
E2()a6-2<-")^,:-6+%:2$&26+-2)<$;$,G2,626<Z
,)$&2-";$)<;"2)&52)00+-),"2"#,$(),"#26/2:)<$,+Z
);2"&"-%G2"49"&5$,+-"2O)#2,:"2)99;$0),$6&26/
,:"256+<;GZ;)<";;"52O),"-2V!hXW2,"0:&$*+"
,62:+()&#2+&5"-2/-""Z;$8$&%206&5$,$6&#>

N:$#2(",:652O)#25"8";69"52$&2,:"2")-Z
;G2J_I@#2<G2h$/#6&2)&52307;$&,60^2VJ_MMW
,62"#,$(),"2,:"2"&"-%G26+,9+,26/2#();;2)&$Z
();#>2!+-$&%2,:"2/$-#,2,"&2G")-#26/2$,#2+#"2$&
:+()&#C2,:"2!hX2(",:652O)#2"4,"&#$8";G
8);$5),"52)&52$#2&6O206&#$5"-"52,62<"2,:"
r%6;52#,)&5)-5s2/6-2,:"2(")#+-"("&,26/2,6Z
,);2"&"-%G2"49"&5$,+-"2VN]]W26/2:+()&#
,:-6+%:6+,2,:"2;$/"20G0;"C2/-6(2&"O<6-&2$&Z
/)&,#2,62,:"28"-G2";5"-;G>2E;,:6+%:2(",)<6;Z
$02-),"2)&52,:"2"&"-%G206#,26/25$//"-"&,
)0,$8$,$"#2:)8"2<""&2(")#+-"52)&525)$;G2"&Z
"-%G2"49"&5$,+-"#26/2$&5$8$5+);#206(9+,"5
/-6(2,:$#2$&2<6,:25"8";69"52)&525"8";69$&%
06+&,-G2#",,$&%#C2,:"2(")#+-"("&,26/2:)<$,Z
+);2N]]2<G2+&-"#,-)$&"5C2/-""Z;$8$&%2$&5$8$5Z
+);#2$&2-");Z;$/"2#$,+),$6&#2$&2,:"$-2&6-();
#+--6+&5$&%#2:)#2:)52,62)O)$,2,:"2+#"2)&5
8);$5),$6&26/2,:"2!hX2(",:65>
N:"2!hX2,"0:&$*+"2/6-2(")#+-$&%2N]]

$&86;8"#2"&-$0:$&%2,:"2O),"-2O$,:$&2,:"
<65G2O$,:2,:"2+#"26/2O),"-2;)<";;"52O$,:2)
#,)<;"2$#6,69"26/2:G5-6%"&2V$>">25"+,"-$+(C
APW2)&52)2#,)<;"2$#6,69"26/264G%"&2V$>">2JvSW>
B6;;6O$&%2,:"2)5($&$#,-),$6&26/2#+0:256+Z
<;GZ;)<";;"52O),"-C2,:"2()&&"-2$&2O:$0:
,:"#"2,O62$#6,69"#2)-"25$//"-"&,$);;G2O)#:"5
6+,26/2,:"2<65G268"-2,$("2$#25","-($&"5>
N:"25$//"-"&0"2$&2,:"2-),"26/2"40-",$6&26-
O)#:6+,26/2,:"2$#6,69"#2/-6(2,:"2<65G2$#2)
(")#+-"26/2,:"2)(6+&,26/20)-<6&25$64$5"
V7SAW29-65+0"5268"-2,:),29"-$6526/2,$("
VB$%+-"2JW2/-6(2O:$0:2,:"264G%"&206&Z

E2()a6-2<-")^,:-6+%:2$&26+-2)<$;$,G2,626<,)$&2-";$)<;"
)&52)00+-),"2"#,$(),"#26/2:)<$,+);2"&"-%G2"49"&5$,+-"
O)#2,:"2)99;$0),$6&26/2,:"256+<;GZ;)<";;"52O),"-
,"0:&$*+"2,62:+()&#2+&5"-2/-""Z;$8$&%206&5$,$6&#
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/-6(2,:"2<65G2,:-6+%:2,O629),:O)G#C2$>">
$&27SA2)&52$&2O),"-C2+&;$̂ "2,:"2#$&%;"29),:Z
O)G26/25$#)99")-)&0"26/2,:"2:G5-6%"&2$#6Z
,69"C AP>2N:+#2,:"2#;69"26/2O)#:6+,26/2JvS
/-6(2,:"2<65G2$#2#,""9"-2,:)&2,:),2/6-25"+Z
,"-$+(2V#""2B$%+-"2JW>2N:"25$//"-"&0"#2$&2,:"
O)#:6+,2#;69"#26/2JvS2)&52AP2)-"2)2(")#+-"
6/2,:"29-65+0,$6&26/27SA268"-2,:$#29"-$65
6/2,$(">2N:$#2$&5$-"0,2(")#+-"26/2(",)<6;Z
$02-),"2V$&5$-"0,2<"0)+#"2:$,:"-,62$,2:)#2<""&
,:"206&8"&,$6&2,62(")#+-"264G%"&206&Z
#+(9,$6&2<G2,:"2<65G2,62"#,$(),"2"&"-%G
"49"&5$,+-"26-2:"),29-65+0,$6&W2()G2,:"&
<"206&8"-,"52,62+&$,#26/2:"),29-65+0,$6&
/-6(2"#,$(),"#26/2,:"20:"($0);206(96#$,$6&
6/2/6652<"$&%264$5$T"52#$&0"2,:"20:"($0);
06(96#$,$6&26/2/66525","-($&"#2,:"2"&"-Z
%G2"*+$8);"&,26/2")0:2;$,-"26/27SA29-65+0"5
<G2,:"2<65G2)#2$,2"49"&5#2"&"-%G>
N:"2(",:656;6%G2+#$&%2,:"2!hX2,"0:Z

&$*+"2$&86;8"#2,:"2)5($&$#,-),$6&26/20)-"Z
/+;;G2O"$%:"5256#"#26/2JvS2)&525"+,"-$+(
,62,:"2#+<a"0,2/6;;6O"52<G2,:"206;;"0,$6&26/
+-$&"26-2#);$8)2#)(9;"#268"-2,$("29"-$65#
-)&%$&%2/-6(2#"8"-);25)G#2,62#"8"-);2O""^#

#+(9,$6&2)&52:"&0"2"&"-%G2"49"&5"5268"-
,:"2#)("2,$("29"-$6520)&2<"206(9+,"5>2N:"
06&0"&,-),$6&26/2;)<";;"52:G5-6%"&C2$>">
5"+,"-$+(2VAPWC25"0-")#"#2)#2)2-"#+;,26/2,:"
5$;+,$6&26/2,:"2O),"-2$&2,:"2<65G2/-6(2+&Z
;)<";;"52O),"-206&#+("52"8"-G25)G2V$&2/665
)&525-$&^WC2<G2,:"2)55$,$6&26/2(",)<6;$0
O),"-29-65+0"52)#2)2-"#+;,26/264$5),$6&26/
&+,-$"&,#2)&52<G2,:"2;6##26/2;)<";;"52O),"-
$&2+-$&"C2#O"),2)&526,:"-2"40-",$6&#C2)&5
"8)96-),$8"2;6##2/-6(2,:"2;+&%#>2!"+,"-Z
$+(2$#2:"&0"2;6#,26&;G2$&2,:"2O),"-2,:),
(68"#2,:-6+%:2,:"2<65G>2N:+#C2,:"2#;69"
6/2,:"25"0)G26-2;6##26/2,:"25"+,"-$+(2$&
<65G2O),"-2$#2)2(")#+-"26/2O),"-2(68"("&,
,:-6+%:2,:"2$&5$8$5+);>
N:"29-60"##2$#2#;$%:,;G25$//"-"&,2/6-2,:"

#,)<;"2$#6,69"26/264G%"&2VJvSW>236#,26/2,:"
;)<";;"5264G%"&2$#2;6#,2)#264G%"&2$&2,:"2O)Z
,"-2(6;"0+;"C2<+,2#6("2$#2);#62;6#,2)#264GZ
%"&2$&2,:"27SA2(6;"0+;"2,:),2$#29-65+0"5>
R6("26/2,:"2;)<";;"5264G%"&2$#2#""&2$&20)-Z
<6&$02)0$5C26-2,:"2<$0)-<6&),"2/6-("52<G
,:"25$##6;8$&%26/27SA2$&2<65G2O),"->2N:"
;)<";;"5264G%"&C2JvSC2,:"-"/6-"25$#)99")-#

5"9"&5$&%26&2,:"2-),"2),2O:$0:2,:"2O),"-
(68"#2,:-6+%:2,:"2<65G>2B6-2$&#,)&0"C2$&
,-69$0);20;$(),"#C2;)-%"2)(6+&,#26/2O),"-
)-"206&#+("52)&52"40-","52(6#,;G2)#2#O"),C
)&52:"&0"2,:"2-),"26/2(68"("&,26-2,+-&Z
68"-26/2O),"-2$#2(+0:2:$%:"->2[&2,:"2")-;G
#,+5$"#2$&2,"(9"-),"20;$(),"#C2#)(9;"#2O"-"
06;;"0,"526&2)25)$;G2<)#$#2)&52)&);G#"5>
P6O"8"-C2$,2:)#2#$&0"2<""&2#:6O&2,:),2)
($&$(+(26/2,O6296#,Z56#"2#)(9;"#2t26&"
O$,:$&2:6+-#26/2)5($&$#,-),$6&2)&52,:"
6,:"-2),2,:"2"&526/2#"8"-);25)G#26-2O""^#2t
O6+;52#+//$0">2R$&0"2,:"2(",:6526/2"#,$()Z
,$6&26/2,:"2$#6,69"#2$&2,:"2#)(9;"2+#$&%
()##2#9"0,-6(","-#2$#2,$("Z06&#+($&%2)&5
"49"&#$8"C2,:$#2-"9-"#"&,#2)&2$(96-,)&,2#)8Z
$&%2$&2<6,:206#,#2)&52,$(">2N:"2#9"0$("&#
6-2#)(9;"#2)-"2&6,2-)5$6)0,$8"C2,:"2#,)<;"
$#6,69"#2562&6,25"0)G268"-2,$("2)&52,:"
#)(9;"#2)-"2-")5$;G2,-)&#96-,)<;"2)#2;6&%
)#2,:"G2)-"2O";;2#");"5>2N:"#"29-69"-,$"#
()^"2$,296##$<;"2/6-2#9"0$("&#2,62<"2,-)&#Z
96-,"52,6206+&,-$"#2O:"-"2/)0$;$,$"#2"4$#,2,6
)&);G#"2,:"2#)(9;"#2/6-2$#6,69$02"&-$0:Z
("&,>2!hX2,:+#2:)#2#"8"-);2)58)&,)%"#

Note: The lines demonstrate the disappearance rates of the two isotopes (18O and 2H) from the body water when
estimated from either saliva or urine samples. The rate of disappearance of 18O is much faster since some of the
isotope is also lost through the CO2 excreted from the body. The difference between the two disappearance lines
provides a measure of CO2 production from which the total energy expenditure is estimated.
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(6-"25),)2&""52,62<"2%"&"-),"52$&2)2#G#Z
,"(),$02O)G2/-6(2,:"25"8";69$&%206+&,-$"#
$/2!hX2"#,$(),"#26/2N]]2)-"2,62<"2+#"52)#
,:"2<)#$#2/6-2)--$8$&%2),2"&"-%G2-"*+$-"Z
("&,#26/2)5+;,#2O6-;5O$5">

Implications of DLW
measurements for the recent
expert consultation
N:"2!hX2,"0:&$*+"2$#2)&2$(96-,)&,2,"0:Z
&6;6%$0);2)58)&0"2,:),2$#2&6O206&#$5"-"5
,:"2%6;52#,)&5)-52/6-2,:"2"#,$(),$6&26/2N]]>
[,29-68$5"52,:"2A@@J2]49"-,276&#+;,),$6&
6&2]&"-%G2$&2P+()&2D+,-$,$6&2O$,:2,:"
"&6-(6+#25),)<)#"26/2N]]2(")#+-"("&,#
&""5"52,62)--$8"2),2"8$5"&0"Z<)#"52-"06(Z
("&5),$6&#2/6-2:+()&2"&"-%G2-"*+$-"Z

("&,#C2/-6(2&"O<6-&2$&/)&,#2,62,:"28"-G
";5"-;GC2)&52,62)##"##2,:"2$&0-")#"529:G#$6Z
;6%$0);2&""5#25+-$&%29-"%&)&0G2)&52;)0,)Z
,$6&>2N:$#2-"0"&,206&#+;,),$6&2-"$,"-),"5
8"-G2#,-6&%;G2,:),2"&"-%G2-"*+$-"("&,2"#Z
,$(),"#2&""52,62<"2<)#"526&2(")#+-"("&,#
6/2"&"-%G2"49"&5$,+-"2)&52&6,2$&,)^"#>2[,
-"06&/$-("52,:"28$"O2,:),2"#,$(),"#26/2"&Z
"-%G2-"*+$-"("&,2-"/"-2,62%-6+9#2)&52&6,
,62,:"2$&5$8$5+);251)%612)&52,:),2,:"#"2-"0Z
6(("&5),$6&#2/6-2"&"-%G2-"*+$-"("&,#26/
$&5$8$5+);#2)-"2,:"2(")&26/2,:"2%-6+92O$,:
&62#)/"2()-%$&2)#2O$,:26,:"-2&+,-$"&,#>2E0Z
06-5$&%2,62,:"2A@@J206&#+;,),$6&C2,:"2!hX
(",:652$#2)00+-),"2)&52#:6+;52<"2,:"2(",:Z
6526/20:6$0"2/6-2"#,$(),$&%2N]]u2$,2#:6+;5
<"2+#"52,628);$5),"2,:"2-"#+;,#26<,)$&"52<G
6,:"-2(",:65#>
N:"20+--"&,2;$($,),$6&#2-";),$8"2,62,:"

06#,2)&52)8)$;)<$;$,G26/2JvS2)#2O";;2)#2;)0^
6/2"49"-,$#"2)&52$&/-)#,-+0,+-"2,62+&5"-Z
,)^"2!hX2(")#+-"("&,#C2"#9"0$);;G2$&25"Z
8";69$&%206+&,-$"#C2&""52,62<"2)55-"##"5
+-%"&,;G>236-"2"//6-,2,62:";925"8";69$&%
06+&,-$"#2O$,:2,:"2!hX2,"0:&6;6%G2)&5
6,:"-2)99-69-$),"2,"0:&6;6%$"#2O)#2$5"&,$Z
/$"52)#2)29-$6-$,G>

V#+(()-$T"52$&2N)<;"2JW2<+,2$,2$#2$(96-Z
,)&,2,62-"06%&$T"2,:),2,:"2(",:652);#62:)#
;$($,),$6&#>2N:"2!hX2,"0:&$*+"2$#2"49"&Z
#$8"2)#2$,2-"*+$-"#2,:"2+#"26/2#69:$#,$0),"5
"*+$9("&,2,62"#,$(),"206&0"&,-),$6&26/2,:"
$#6,69">2[&2)55$,$6&C2,:"-"2$#2)2%;6<);2#:6-,Z
)%"26/2JvSC2O:$0:2:)#25-$8"&2$,#29-$0"2<"Z
G6&52,:"2-")0:26/2(6#,2$&8"#,$%),6-#>
N:"2!hX2,"0:&$*+"26/2(")#+-$&%2N]]

9"-($,#2,:"25","-($&),$6&26/2:)<$,+);2/-""Z
;$8$&%2"&"-%G2"49"&5$,+-"2$&,"%-),"5268"-
)29"-$6526/25)G#2V+#+);;G2<",O""&2q2)&52A@W>
N:"2/$-#,25),)2/-6(2:+()&#2O"-"29+<;$#:"5
$&2J_vA2VR0:6";;"-2)&528)&2R)&,"&C2J_vAW>
Y",O""&2J_vA2)&52J__K2#+//$0$"&,25),)26&
N]]2$&2:+()&2#+<a"0,#2O"-"2)00+(+;),"5
,62/6-(2,:"2<)#$#2/6-2$,#2+#"2$&2)--$8$&%2),
"&"-%G2 -"*+$-"("&,#>2E2 5),)<)#"2 6/
J2MJK2!hX2(")#+-"("&,#2/-6(2J2JIM2$&Z
5$8$5+);#2V)%"52A2,62_@2G")-#W2O)#206;;),"5
)&5206(9-":"&#$8";G2)&);G#"52$&2J__I
VY;)0^1(%,0>C2J__MW>2N:"2()$&2)&);G#$#2O)#
()5"2+#$&%2)2#+<#",26/2IqK2#+<a"0,#2/6-
O:6(2<6,:2N]]#2<G2!hX2)&52<)#);2(",)Z
<6;$02-),"2VY3 Ẁ2(")#+-"("&,#2O"-"2)8)$;Z
)<;"C2+&5"-2&6-();2/-""Z;$8$&%206&5$,$6&#C
);,:6+%:2"40;+#$8";G2/-6(2#+<a"0,#2/-6(

)//;+"&,2#60$",$"#2$&2,:"25"8";69"52O6-;5>
N:-""2G")-#2)/,"-2,:$#206(9$;),$6&C2$,2O)#
"#,$(),"52,:),2,:"2&+(<"-26/2#+<a"0,#26&
O:6(2!hX2(")#+-"("&,#26/2N]]2O"-"
)8)$;)<;"2:)52,-$9;"52VR0:6";;"-C2J___W>2N:"
"49"-,206&#+;,),$6&26/2A@@J2<"&"/$,"52/6-
,:"2/$-#,2,$("2/-6(2,:$#2;)-%"25),)<)#"26/
)0,+);2"#,$(),"#26/2N]]2,:-6+%:6+,2,:"2;$/"
06+-#"C2/-6(2$&/)&0G2,62)5+;,:6652)&52,:"
";5"-;GC2+#$&%2,:"2!hX2,"0:&$*+">
N:"2&+(<"-26/2#,+5$"#20)--$"526+,2+#Z

$&%2,:"2!hX2,"0:&$*+"2$&2,:"25"8";69$&%
06+&,-$"#2$#2;$($,"5>2E2-"8$"O2<G276O)-5
VJ__vW29-68$5"52)&2)&);G#$#26/2!hX25),)
/-6(2JA29+<;$#:"529)9"-#>2R$&0"2,:"&2,:"-"
:)8"2<""&2;$($,"529+<;$0),$6&#2/-6(2,:"25"8Z
";69$&%2O6-;5C2#+0:2)#2c+-9)5C2Y6-%:6&)
)&52R:",,G2VJ__qW2)&52Y6-%:6&)C2R:",,G
)&52c+-9)52VA@@@W>2N:"#"2,O62;),,"-2#,+5Z
$"#2)55-"##2,:"2$##+"#2,:),2O"-"2-)$#"52<G
76O)-52VJ__vW2O:"&2:"2;)("&,"52,:"2;)0^
6/2!hX25),)2/-6(2O";;Z&6+-$#:"52$&5$8$5Z
+);#2$&2,:"25"8";69$&%2O6-;5C2;)-%";G2)#2)
-"#+;,26/2,:"2$&,"-"#,26/2$&8"#,$%),6-#2$&2,)^Z
$&%2(")#+-"("&,#2/-6(2,:"2-";),$8";G2966-Z
;G2&6+-$#:"52 ;)<6+-$&%20;)##"#2 $&2 ,:"
5"8";69$&%206+&,-$"#>2[,2$#2"8$5"&,2,:),

)*+,&'(

E58)&,)%"#2)&52;$($,),$6&#26/2,:"256+<;GZ;)<";;"5
O),"-2,"0:&$*+"

Advantages Limitations

Provides an estimate of habitual TEE Does not provide data on day-to-day
in free-living individuals changes in TEE

Provides an estimate of cumulative TEE Does not provide data on the daily
over a period of time pattern of physical activity

Safe (non-radioactive) for studies in pregnancy, Stable isotope expensive and in short
infancy and the elderly supply

Easy to administer to infants and the very elderly Analytical equipment and infrastructure
expensive

Easy collection of samples (saliva or urine) for analysis

Easy sample storage and transport for analysis

Provides a measure of body composition of the subject

Can be used to estimate maternal breast milk output
and milk consumption by breastfed infants

36-"2"//6-,2,62:";925"8";69$&%206+&,-$"#2O$,:2,:"
!hX2,"0:&6;6%G2)&526,:"-2)99-69-$),"2,"0:&6;6%$"#

O)#2$5"&,$/$"52)#2)29-$6-$,G
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N:"2A@@J206&#+;,),$6&2);#62()5"2)
#,-6&%29;")2,:),2O:"&2!hX2(")#+-"("&,#
)-"2,)^"&2,62)##"##2N]]C2$&/6-(),$6&26&2,:"
;$/"#,G;"2)&52,:"29),,"-&26/2)0,$8$,$"#268"-2)
5)G2#:6+;52);#62<"2-"06-5"5>2N:"29),,"-&
)&52;"8";26/29:G#$0);2)0,$8$,$"#2+&5"-,)^"&
<G2$&5$8$5+);#2)-"2$(96-,)&,2%$8"&2,:"2-"Z
5+0,$6&#2$&2;"8";#26/2)0,$8$,G2<6,:2$&2,:"
600+9),$6&);2)&52#60$);2#9:"-"#26/2+-<)&Z
$T"52(65"-&2;$/"#,G;"#>2N:"#"2$&0-")#$&%;G
#"5"&,)-G2;$/"#,G;"#2)-"206&,-$<+,$&%2,62,:"

9-6<;"(26/26<"#$,G2$&25"8";69"52$&5+#,-$Z
);$T"5206+&,-$"#2)&52)-"2&6O2);#62)99")-Z
$&%2$&25"8";69$&%2#60$",$"#C29)-,$0+;)-;G2$&
+-<)&2#",,$&%#>
N:"25),)26<,)$&"52<G2+#$&%2,:"2!hX

(",:652O"-"206&#$5"-"52)28);+)<;"2-"Z
#6+-0"2/6-2,:"2"#,$(),$6&26/2,:"2N]]26/2$&Z
/)&,#>2E;,:6+%:2,:$#25),)<)#"2O)#25"-$8"5
);(6#,2"40;+#$8";G2/-6(2#,+5$"#2$&2,:"25"Z
8";69"52O6-;5C2,:"2)##+(9,$6&2,:),2,:"2-"Z
*+$-"("&,#26/2$&/)&,#2/6-2&6-();2%-6O,:
)&525"8";69("&,2)-"2,:"2#)("2O6-;5O$5"
9-68$5"52,:"2<)#$#2/6-2"&"-%G2-"06(("&Z
5),$6&#2/6-2$&/)&,#>2]8$5"&0"2:)52<""&
"("-%$&%2,:),2,:"2"&"-%G2-"*+$-"("&,#26/
$&/)&,#2)-"2;6O"-2,:)&29-"8$6+#;G2-"06(Z
("&5"5C2)28$"O2,:),2O)#206&#$5"-"52-"86Z
;+,$6&)-G2$&2")-;$"-206&#+;,),$6&#>2P6O"8"-C
"8$5"&0"26/2N]]2$&2$&/)&,#2<)#"526&2!hX
#+996-,#2,:"28$"O2,:),2"&"-%G2-"*+$-"("&,#
6/2$&/)&,#2&""5"52,62<"2;6O"-"5C2)#2,:"2A@@J
06&#+;,),$6&2:)#2&6O256&">

Consideration of the
concept of “adaptation”
when estimating energy
requirements
N:"2J_vJ2"49"-,206&#+;,),$6&206&#$5"-"52$#Z
#+"#2-";),"52,62,:"206&0"9,26/2r)5)9,),$6&s
O:"&2"#,$(),$&%2"&"-%G2-"*+$-"("&,#2,62<"

$(96-,)&,>2N:$#2$#2"8$5"&0"52<G2,:"2&+(<"-
6/29)%"#25"86,"52,62,:$#2,69$02$&2,:"2J_vI
-"96-,C2O:$0:29-68$5"52)2O6-^$&%25"/$&$Z
,$6&26/2)5)9,),$6&2)#12r)29-60"##2<G2O:$0:
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Human energy requirements: where are we now?
Issues emerging from the 2001 Expert Consultation on
Energy in Human Nutrition

Scientific advances are continuously adding to our knowledge of food and nutrition. Technological advances

such as the doubly-labelled water technique now enable us to obtain accurate estimates of habitual energy

expenditure in free-living conditions. The data acquired using this technique have complemented other

information from conventional methods to inform the 2001 Expert Consultation on Energy in Human Nutri-

tion to arrive at evidence-based recommendations. Scientific evidence from studies conducted in different

parts of the world have made it possible for the experts to evaluate the importance of adaptation to varia-

tions in energy intake while considering its relevance to recommendations for requirements of energy. Expert

consultations on nutrient requirements, such as those convened under the mandates of international agen-

cies such as FAO, are confronted with changing scientific concepts based on the application of new tech-

nology or on a better understanding of the physiological mechanisms, which influence the recommendations

made in their reports. This article explores two important developments – one technological and the other

conceptual – that have both contributed to shifts in the approaches made by the recent expert consultation

to review human energy requirements convened at FAO headquarters in Rome.

Besoins énergétiques humains: où en sommes-nous
actuellement?
Questions se dégageant de la Conférence d’experts de
2001 sur l’énergie dans la nutrition humaine

Grâce au progrès scientifique, notre connaissance des processus alimentaires et nutritionnels ne cesse de

s’améliorer. Des progrès technologiques, comme la technique de l’eau à double étiquetage, nous permet-

tent désormais d’obtenir des estimations exactes de la dépense énergétique habituelle d’une personne

menant une vie normale. Les données acquises à l’aide de cette technique complètent d’autres données

obtenues avec des méthodes traditionnelles qui ont permis à la Consultation d’experts de 2001 sur l’énergie

dans la nutrition humaine de formuler des recommandations fondées sur des preuves scientifiques. Celles-

ci, qui résultent d’études menées dans différentes régions du monde, ont permis aux experts d’évaluer

l’importance de l’adaptation de l’organisme aux variations de l’apport énergétique et d’en tenir compte dans

leurs recommandations concernant les besoins énergétiques. Les consultations d’experts sur les besoins

en nutriments, comme celles convoquées dans le cadre d’organisations internationales comme la FAO, sont

confrontées à des concepts scientifiques en perpétuelle évolution, compte tenu de l’application de nouvel-

les technologies ou d’une meilleure compréhension des mécanismes physiologiques, qui influencent les

recommandations formulées dans le rapport. Le présent article étudie deux progrès importants – l’un tech-

nologique, l’autre théorique –, qui ont conduit à une modification de l’approche adoptée par la récente

consultation d’experts tenue au siège de la FAO, à Rome, pour étudier les besoins énergétiques humains.

Necesidades energéticas humanas: ¿cuál es la
situación actual?
Cuestiones discutidas en la Consulta de expertos sobre
energía en la nutrición humana 2001

Los progresos científicos están enriqueciendo constantemente los conocimientos sobre los alimentos y la

nutrición. Actualmente, los avances tecnológicos, tales como la técnica del agua doblemente marcada,

permiten hacer cálculos precisos del gasto energético habitual en condiciones de vida normales. Los datos
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obtenidos utilizando esta técnica han completado otras informaciones obtenidas mediante métodos con-

vencionales, que han permitido a la Consulta de expertos sobre energía en la nutrición humana de 2001

llegar a recomendaciones basadas en las observaciones. Gracias a las pruebas científicas derivadas de

investigaciones realizadas en diferentes partes del mundo, los expertos han podido evaluar la importancia

de la adaptación a las variaciones en la ingesta energética y considerar al tiempo su pertinencia a la hora de

hacer recomendaciones sobre las necesidades energéticas. Las consultas de expertos sobre las necesida-

des nutritivas, como las convocadas con arreglo a los mandatos de los organismos internacionales como la

FAO, se enfrentan a conceptos científicos cambiantes, basados en la aplicación de la nueva tecnología o en

el mejor entendimiento de los mecanismos fisiológicos que influencian las recomendaciones hechas en sus

informes. Este artículo analiza dos novedades importantes, una tecnológica y otra conceptual, que han

contribuido al cambio en los enfoques realizado por la consulta reciente de expertos convocada en la sede

de la FAO, en Roma, a fin de examinar las necesidades energéticas humanas.


