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ABSTRACT

Energy requirement is defined as energy expenditure in an energy equilibrium state.

The doubly labeled water (DLW) method is considered the gold standard for measuring
total energy expenditure (TEE). In 2002, the Institute of Medicine (IOM) of the National
Academies established dietary reference intakes (DRIs) for Americans and Canadians, and
the equations for estimated energy requirement (EER) were developed by using pooled data
from studies that had applied the DLW method. Since 2005, these equations have been
used for establishing EER in the DRI for Koreans. These equations based on age group
include the physical activity (PA) coefficient determined by the PA level (PAL; sedentary, low
active, active and very active) as well as body weight and height. The PAL values of Koreans
calculated using the DLW method and PA diaries were determined to fall in the low active
category (1.40~1.59). Therefore, the PA coefficient corresponding to ‘low active’ was applied
to the EER equations. In recent years, with increasing number of people regularly engaging
in various physical activities in Korea, EER is now separately presented for people with
‘active’ and ‘very active’ PALs. In the future, like the United States and Japan, Korea needs to
expand the DLW research for developing EER predictive equations for Koreans. In addition,
standardized guidelines should be prepared to accurately evaluate the PAL using the physical
activity diary and the new PA classification table for Koreans.

Keywords: energy expenditure, dietary reference intakes, Institute of Medicine,
doubly labeled water, physical activity
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98 AAle] ChoFe 758 A EHHE Bstol A1 ZE = LA S o] §oto] SeyH D o
LA Qizbel WRa 4 B JhE Al W e sheh, Tl S e 4RS Al9lsha
R 02 oux] HAL oUix] Ar|2 BHE o] 2olof gk, mebd ouix] HE Ei
o117] THJo] 54| =B Ak ofLix] W R 2ko] A= o] A4 = ofo} Bl

20050l 3H=Q1 FF4 A F 7] (Dietary Reference Intakes for Koreans, KDRI)O| =&
7] o) A7 A= qh Q& 918t o A P, S ol A Wt E Q2 Al A B2 7|5 (World
Health Organization, WHO)°l| 4] ZH el St ®F2] 01 5 At AL (resting energy expenditure, REE)
ol 3tF o A A 54 (7122 AA|E-5 A4, physical activity level, PAL) S &5H= B
o2 Azatelth ], o] w) T4 ChARES AFZ 2 Alo) o] Al M| 22 ol sto] 25k
1, A +22 (S AT BAUL SO 2T AR} FE A ol
AARA71T ol A 3 ZES 71202 24510l 4 857/ HAIEEU7)S o] 831
of 2T IS BE ST TelLt 910) B4 0 2 ARKE FA hAlRE AAH 5 E oA

2347} S o] 17k lo] RAIY 02 A2 Hofghe.

71 %2005 el YA A FH 7| FolA oA E 2 A7 7iE o] =QAE o] 2010
W, 20154, 2020 0] ©] 27]7}A] A -8-E| 31 gt} o]of 2020 3H=Q1 G FA A FH 7|0l A o]
U2 @ 272 ojm gt SHEA Aol Al S 58 st =A & AT EL, of o
2 SH=RlolA 78 A A S ol 21 H @ =S A 517 st s A sokst ApA|of thst
o] Atw] | 312} s}
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olHA|= FLg4a AFH71E (DRYCIA AAI == 4714 7HdR HH D 8, HAAEHAT, S8
AT F AT FollA B 25l sidste ol|A2 —?—%‘%k (estimated energy
requirements, EER).C.2 A A E|H [2,3], T2 JFAL} D] Aol u Ashd =kl
Aol 485 Sk DARATE AL el FUE 0] BRFE FIAE G0
% BFLAGO o2& 2715491 AHBLE el oA FHAT NS 585
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Q19| A%, oA B FATF2 ol A] B FES] oA 2HF o2 17 g}, whetA
AR E 2 F TS AHst7] sl = oA £H] o] 717 A B asteh 1A of
U A 2|2 g7tshe W2 A 20 S-S (direct calorimetry) ¥ ZH B 571
] 9lch. =

Atk AP LdFEAHE 2 E43 tiAFSA A (metabolic chamber) Ui

(indirect calorimetry)©
ol A thdate] Aol A AgsHE E (heat)S AA] S5t oItk HHIAFSE 2
S A B o] thALe} B AbA o] 4H| 9} o] AFslEFA O] AY J5}o] o A AB|FS 7
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labeled water method, DLW)1} S &7tAE B4 5= W (respiratory gas analysis)©] 1=t

o] Z XA 1 (DLw)©] ol A AH| & S 5H= gold standard 2 L& A QUT} [4]. 0] 5 4]
L (DLW)=> FYF AR 4 (ZH)Q]' /\\__/:\_ (BO)= ArR51o] A 235 o] 2 E AL CH,#0)E
AH &, k257t Hﬂég A S A Sto] AFEE o] AFRtERAs B E-E (rate of CO, produc-
tion, rCO,)= 0]85}o] g = ]1;]7\]/\H]F'J= total energy expenditure, TEE) S & Bt up
ot} [4]. L o] SFHAI S ‘?:.’ (DLW) O] 2 E A4 #| Zo] W23k 188 Aba T #ﬁﬁji
H o] B v 8o nj L =31, =7 Aot vh o] 7ttt 2 9] HiH A 0 2 ALS-5}7] o= H AL
o 2 o] go| Br}[5]. EL}E} 1 AR SR A of| L] 2] AH|EFS KA 2 A 517 Bk 47
AT P JEHE (AF A AAE W Ay 5)52 IG5 24 FA1S 0] 851 oy

A| 48| AlAFsaL 9l

JIN' i

0.

2002 W] National Academies®] Institute of Medicine (IOM)< dietary reference intakes
(DRIE A5 L [6], L5t =Rl 7R RIS T 0 2 43 o] FHE A4 (DLW)
Aol A HarE of A |7 AukE HobA of A8 & 4T (EER) AHEA] 2 71163l
o}, 2 uehe Sl A A FH 710l AEA AAIE 2005 F-E 1= IoMoll A AH|QES
[6] ANAAIE @ FHF AHEA] S AHEsligtH.

20204 O|LX|H R FHEF HHO| FR0|+%+

x| FEEe MEL HE
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AtESH= IoM 34 9] Bt & 71et Ao, A ghel SH|go] F 22} 77.1%2} 62.9% 2 L
Rt 23} 9] 52 EWE 2020 oA A E @ 2472 2005 =9l YFAFH7IF0l A
T HA A -85HH IoM oY 2| E @ == 4bE A E T 2 2 8517 2 51Tt of| | A
oo 4ihE A2 oh 2o n, o] FAlof| 85 = /g4 2 A4 Table 13} 2T}

ORI B 2 FH T (BER) = o+ B x A (Al) + PA [y x HF: (kg) + 5 x A1 (m))]
PA=AIAZEEAE (B4, 4S54, 54, ¢ &) Al

=70 -1y =0

Table 1. Constant and coefficient applied to predictive equation for estimated energy requirement

Children and adolescents (3-18 yrs) Adults (>19 yrs)
Male Female Male Female
o Constant 88.5 135.3 662.0 354.0
B Age (coefficient) -61.9 -30.8 -9.53 -6.91
Y Body weight (coefficient) 26.7 10.0 15.91 9.36
3 Height (coefficient) 903.0 934.0 539.6 726.0

Adopted from the Institute of Medicine of the National Academies [6].
LR ERFTL S0 MBE|= HAS

2020 oA E 23 AT FE Ao 485 Heze A9 (A AF)e AAESEA

W A4k gk,
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Shaof}slg]of| A S Aok Y AW AALGEFR] [12] 5 AHSSFlAL, EF
217} @l 1941 o] /g Qloll tisi A= 22 51 (2013-2017)7He] FRIAZFFEAL AR E
T = 19-494] 9] 733t g )1 Sl A A A A 4= (body mass index, BMI) 18.5-24.9 kg/m2°1| 3l
o= thAatAke] A A eFA] 0] Z2)4 (G4 BMI22.6, 914 BMI21.4) 5 AE5to] AAjgto 2
W A7 A 52 E S 23S A9 7| &S A5kt

AUHESEHAE A
iR B 2FH T (EER) AHEdkol dFS R = S M2 AT UG H o o] 9fof
AA 5 TAEA S (PA)7F ATt o= 4THA (HIE 54, &5, &4 9 o
A A4 2-54>5 (physical activity level, PAL)OY| th2 Al 2 AJH 1} A o

of w2} 25| o] A| A= of Ut} (Table 2).

1. O|ZE A% (DLW)HS 0| 83}0] MEE Btxolof UNES+F
AAZE4E (PAL)2 Y Y Ht A5 =& FA AL (resting energy expenditure,
REE)2| Hi=2 utERd grojot. wahd 7P et AAdseE2 olSxEA S (DLW)
o7 ZAe FolA 48T (TEE)S I g3t FAHARE (REE) 22 Ue L
A =
)

=
=
HEAS (DIW)E o] &sto] AAZErFE

(PAL = TEE/REE)°|t}. 3H=Ql& thif o= o]

(PAL)S =73t AT} Table 31+ 2t obE [7]9) A= 2 55HS thd o2 51910, A9l
O] A% (9]« Y BEE of= AR R 55, 19 B [10]= A A &5 5t
£ X9 (B A 71.123.84)2 T 22 ofQlct. 1 A& AnEH T2 2744 13,
et ElU 244 [8] B 2 A 25 5k =2l [10]2 Al9lshaL, i R o] AAE-E4Fol

1.40-1.60 Alo] 9] <& &52]of sl = A,

Table 2. PA coefficient applied to predictive equations for estimated energy requirement

PAL category PAL values PA coefficient

Children and adolescents Adults

Male Female Male Female
Sedentary 1.00-1.39 1.00 1.00 1.00 1.00
Low active 1.40-1.59 113 116 n 112
Active 1.60-1.89 1.26 1.31 1.25 1.27
Very active 1.90-2.50 1.42 1.56 1.48 1.45

Adopted from the Institute of Medicine of the National Academies [6].
PA, physical activity; PAL, physical activity level.

Table 3. Physical activity level of Korean measured by doubly labeled water method

Categories Age (yrs) Male Female Total
Children [7] 9-1 1.58 + 0.20 1.55 = 0.13

Adults [9] 20-49 1.55 + 0.19 1.46 + 016" -
Older adults [10] 65— 1.83 +0.28 1.65+0.19 1.74 = 0.26
Athletes [8] 19-24 - 1.97 + 017 -
Non-athletes [8] 19-24 - 1.60 + 0.15™

Professional soccer players [13] 24-36 2.92 +0.28 =

*p < 0.05, **p < 0.005.
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=5 A &5t A s rES A AE-5L719] B =S =0]7] 9f5ho,
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Hh2 4 5hF 5ot AA -5 -8 (R34 A=) GAIsH 7157t &, tha'd AAret

pa)
o
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e
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-

ok T

32 o
32
o
E=)
o

SRl S tid e 2 AAZ 5 Y7 & ol&sto] AAZs 4TS AR A2 (143015
A (Table 4), 5& 253 [16] Hot (F+F), E2F 2L53HY [20], L7 ey B ARl
o4 [22] 9 #2H &5 5t = [30]2 Al Ql5tal -2 A EHE 2 of| £35H=1.401.59
£ Btk a2y 2580 7 A4 (18], L5t S5 A4 21], LT F AE [27), 5
H7] 5AQ [28]014 =2 AAE54ES BT THH di2k 2010 o] Ul A BAlE
ojet A H =F oAM= AAEFLES AAE-5A S (physical activity coefficient) 4=
S5 A4 (activity factor) 2 7] &S+ 8} QITh

Table 4. Physical activity level of Korean using physical activity diary

Category Author (year) [ref#] Male Female
Preschool children Kim & Kim (2009) [14] Weekday 1.35 1.32
(4-6yrs) Weekend 1.36 1.31
Elementary school Kim et al. (2006) [15] 1.41 1.35
children Lee & Kim (2007) [16] Weekday 1.60 1.54
Weekend 1.52 1.55
Kim & Kim (2012) [17] 1.42 1.47
An et al. (2017) [18] - Soccer players Weekday 1.98 1.89
Weekend 1.62 1.61
Middle & High school  Kim & Na (2003) [19] Middle school 1.48 1.47
children High school 1.51 1.49
Shin et al. (2016) [20] Weekday 1.63 -
Weekend 1.37 -
Kim et al. (2009) [21] Athletic 2.93 2.16
Non-athletic 1.48 1.46
University students Yoon et al. (2002) [22] 1.48 1.46
Choi et al. (2005) [23] - 174
Lee et al. (2006) [24] - 1.46
Kim (2013) [25] 1.55 1.47
Adults Yoon et al. (2002) [22] 20-29 yrs 1.56 1.58
30-49 yrs 1.59 1.7
50-64 yrs 1.57 179
Lee et al. (2006) [26] - Dietitian Weekday - 1.56
Weekend - 1.52
Lee et al. (2007) [27] - Work shift police Day 1.52 -
Night 1.75 -
Holiday 1.31 -
Kim et al. (2011) [28] - Farmers Farmer (busy farming) 2.63 2.19
Lee et al. (2012) [29] - Farmers Farmer (the off-season)  1.37 1.42
Older adults Go et al. (2019) [30] 1.63 1.67
https://doi.org/10.4163/jnh.2021.54.6.573 577
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T AR S A7) E o] §3H e AHE
702 71043Het] 24412 B4 R0l ol AALZAAY 277 47 4 1S Watohel, Al
AL EEFES ol §3to] ZJ7te] AAEE S AU FER ER3Hs 14 oA 2340 U

glo] & 4 ik,

Table 404 B E AR &5 4E2 7|29 1887 AAHESEFEES o] §oto] WAZEL
719 Wi-&-& Fetet Zlojth. ojuf ARg-E Al 8-S 273 Yoon 5 [22]°] SAIF (1999)
O YFEFE 2EFZF (2570252 DEA FF22TF (L2 T =T, 19859) 5
N ARE o] &5t A7t AR E 18TAI R 8 oF FReF Aoltt. s el A Al A Z
& L7E ARG S A g TS B7RE A4S [14-30]2 O

F

o

H8 o] 2 o] §3igith. 18]
U o] ) AL§ 8 A RIS £ 7B ol = B3 0] W7} wake of 9% oo}, B U 8ol 7
o] 7] gk Wk ofUjzt, o bl & (= 7 @) E ol A AIE Ml 5 So] 3t of
9lo} F AT BEO| A% F5o| i REFT 85 W AE= H52 Ao myso]
917 ¥ol, Thepet A2 9 WA 2 Jahof that Bralo] Z715 Qi 2T Leuete)

olo] | Kim 5 [31] =& 9%t AAEFEFEE N EUSl=H, o+
Ainsworth 5 [32-34]°]l 2] 3l A 7i e 1] =2] A A -5 &5 (Compendium of physical activity)
= Bz ehade g o S AAES ol | R AT [35-37]& F7HeE ol A A 4B

o/goll Al i £ f, o] FEA R Bl AAHZEF L7 o] &5to] bEgt o=l
FES AEFA 0 stz ojof| hE AAEFHAE A S RS

%
ot b

40 fo mior ik
roh N offt e offt

Ao 2 g3kgick. vl 2-9] 1oMoll A AR Hoket of Ui 2] B 8 2 o Az Ao 3]
Zrof] ot AIHEE DAL AL (PA) (Table 2) S A -85 Aol 7] of w}-2 o 2]
ARSI 2 Table 52 231, £ 5] 4 Q1 7] o] ol = AJolj 527 o] B/ ol met A=
2718 e3g vshFa ek
Table 5. Formulas of estimated energy requirement according to age group
Categories Age Formulas for total energy expenditure Additional energy (kcal/d)
Infants 0-5mon 89 x body weight (kg) - 100 +115.5
6-11 mon +22
Toddlers 1-2yrs +20
3-5yrs Male: 88.5 - 61.9 x age (yrs) + PA x [26.7 x body weight (kg) + 903 x height (m)] +20
Children 6-8yrs PA = 1.0 (sedentary), 113 (low active), 1.26 (active), 1.42 (very active)
9-11yrs Female: 135.3 - 30.8 x age (yrs) + PA x [10.0 x body weight (kg) + 934 x height (m)] +25
Adolescents 12-14 yrs PA =1.0 (sedentary), 1.16 (low active), 1.31 (active), 1.56 (very active)
15-19 yrs
Adults > 20 yrs Male: 662 — 9.53 x age (yrs) + PA x [15.91 x body weight (kg) + 539.6 x height (m)]
Pregnant women PA = 1.0 (sedentary), 1.11 (low active), 1.25 (active), 1.48 (very active) Early: +O
Female: 354 - 6.91 x age (yrs) + PA x [9.3691 x body weight (kg) + 726 x height (m)] Middle: +340
Late: +450

Lactating women

PA =1.0 (sedentary), 1.12 (low active), 1.27 (active), 1.45 (very active)

+340

Physical activity coefficient for ‘low active’ was applied in the calculation of estimated energy requirement, because physical activity level in most Koreans

belongs to ‘low activity’.
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20194 ZRI AP F2A B A of wp2m [38] H=4Q1 9] of| Y A FFr o} H| T &2 A
X8| F7Fohe ARFe Hol AdR] EAF s 531 ol /fol, A4 Q1 of 4T F 17 o] o] BTk
2 B gk gebs 2020 ASAE A EHe] AHEH oA H 22 A EER)S) Akl
oish BhEd = 2 59 AP S A -&oto] A 2 sHA Eokd, 92 =719 vint
g o] = QI T E| /A2 R ES =ol= s 2T 4= At o]of KDRI ¥ 3] o]l
Mo] =98 73, U1 A8 2 9 AHE TS 100 keal S92 HAISHB], 240 efolA
100 keal S92 A AFst7] 2 5HA Tt

https://e-jnh.org

HHZSEA O 2 X Ee=HY
2015\ o 28 2 24T (BER)S A|AIZ W, 202010l = -2 yet= d2X Y AAE-5T
Al (1, 1, imef] w2 OﬂLin $ {2 Al2stoto] AN 22 Ak ut ok 22 &
TEJ L}EPOHHE A3 5 o] FZHE A [30], A& FE WA ETIA| 9] T
RIF7FS7Fshal QL. whehA] 2020 fF=91 9] °1]L17<l%51$
Xé%h% *J%?JOH ‘2101, AAEE A= AdsH S U= A gste, e 3 e

off st ol 2 B 2 F A FE A A A SHA T (Table 6).

r

Table 6. 2020 EER according to physical activity level (low active, active, and very active)

Category Age Physical activity level
Low active Active Very active
1.40-1.59 1.60-1.89 1.90-2.50
Infants 0-5mon 500 500 500
6-11 mon 600 600 600
Toddlers 1-2yrs 900 900 900
3-5yrs 1,400 1,600 1,800
Male 6-8yrs 1,700 1,900 2,200
9-11yrs 2,000 2,300 2,700
12-14 yrs 2,500 2,900 3,300
15-18 yrs 2,700 3,200 3,700
19-29 yrs 2,600 2,900 3,400
30-49 yrs 2,500 2,800 3,200
50-64 yrs 2,200 2,500 2,900
65-74 yrs 2,000 2,300 2,700
>75yrs 1,900 2,200 2,600
Female 6-8yrs 1,500 1,700 2,100
9-11yrs 1,800 2,000 2,400
12-14 yrs 2,000 2,300 2,800
15-18 yrs 2,000 2,300 2,800
19-29 yrs 2,000 2,300 2,600
30-49 yrs 1,900 2,200 2,500
50-64 yrs 1,700 2,000 2,300
65-74 yrs 1,600 1,800 2,100
>75yrs 1,500 1,700 2,000

EER, estimated energy requirement.
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