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DOCTORAL THESIS

New prediction equations for resting energy expenditure in

older hospitalized patients

ABSTRACT

The importance of individualized nutritional management for older adults has gained recognition
in light of the global increase in older populations. It has been reported that the rate of malnutrition
increases in older populations, with its severity linked to an increased risk of mortality.
Individualized nutritional management is needed to improve the nutritional status of hospitalized
older patients, with the primary objective of determining appropriate energy requirements.
Research on individualized nutritional management that assesses energy requirements in
hospitalized patients has shown benefits in reducing mortality rates and maintaining Activities of
Daily Living (ADL) and Quality of Life (QoL), along with healthcare economic advantages.

Resting energy expenditure (REE) represents 55-75% of total energy expenditure (TEE) and is
the single largest component, making it a crucial indicator for calculating and assessing
appropriate energy requirements. Indirect calorimetry (IC) is the gold standard for measuring
REE; however, its routine implementation in clinical settings is often hindered by cost and
technical issues. Therefore, prediction equations for REE, such as the Harris—Benedict equation,
are frequently used as alternatives in clinical practice. However, reports indicate that REE
decreases with aging, and this decline may not be fully explained by the reduction in fat—free
mass (FFM), underscoring the necessity to validate existing REE prediction equations such as the
Harris—Benedict. Moreover, there is a need to identify factors contributing to age—related decline
in REE and develop REE prediction equations specifically for older adults that can be utilized
across various settings, including clinical and primary care.

To establish indicators for implementing appropriate individualized nutritional management in

hospitalized older patients, three studies on REE were conducted. Study 1 revealed inaccuracies



in existing prediction models, whereas Study 2 focused on the development and validation of new

prediction models. Finally, Study 3 explored the factors influencing REE in older adults.

Study 1: Resting energy expenditure in older inpatients: A comparison of prediction
equations and measurements

[ Background/Objectives ] For effective individualized nutritional management, accurately
determining energy requirements is essential, particularly in older hospitalized patients where the
validity of REE prediction equations are often challenged. This study aims to assess the accuracy
of these equations in a Japanese patient population aged >70 years.

[Methods] In a single—center, cross—sectional study, we included 100 patients aged >70 years.
Using IC, we measured REE and compared these measurements with predictions from five REE
prediction equations: Harris—Benedict, Food and Agriculture Organization of the United
Nations/World Health Organization/United Nations University (FAO/WHO/UNU), Ganpule,
Schofield, and body weight (kg) x 20.

[Results] The mean REE (95% confidence interval) was 968.1 (931.0, 1005.3) kcal/day. The
predicted REE was higher using the FAO/WHO/UNU (1014.3 [987.1, 1041.6] kcal/day, p =
0.164) and Schofield (1066.0 [1045.8, 1086.2] kcal/day, p < 0.001) equations, and lower with the
Harris—Benedict (898.6 [873.1, 924.1] kcal/day, p = 0.011), Ganpule (830.1 [790.3, 869.9]
kcal/day, p < 0.001), and body weight (kg) x 20 (857.7 [821.9, 893.5] kcal/day, p < 0.001)
equations. In the age group analysis, none of the predicted values were within a 10% error for
more than 80% of patients aged 70—89 years and >90 years.

[Conclusions] This study demonstrates that existing REE prediction equations may not provide
accurate estimations for older hospitalized patients, underscoring the necessity to develop and
validate new REE prediction equations specifically for this demographic to ensure effective

individualized nutritional management.



Study 2: New prediction equations for resting energy expenditure in older hospitalized
patients
[Background/Objectives] The accurate prediction of REE is essential in preventing over— or
underfeeding in older hospitalized patients. With few validated REE prediction equations
available for this group, this study aimed to develop new equations and evaluate their validity.
[Background/Objectives] The accurate prediction of REE is essential in preventing over— or
underfeeding in older hospitalized patients. With few validated REE prediction equations
available for this group, this study aims to develop new equations and evaluate their validity.
[Methods] A single—center, cross—sectional study was conducted, including 134 patients aged
>70 years. REE was measured using IC and the Weir formula. For holdout validation, patients
were randomized in a 3:1 ratio. A new equation was developed from the measured REE values in
the development dataset, and its validity was compared with existing equations in the validation
dataset.
[Results] The average patient age was 87.4 = 6.9 years, with 34.3% being male. Two equations
were developed using multivariable regression models:
Equation 1: REE (kcal/day) = 13.582
+ Height (cm) x 3.973
+ Body weight (kg) x 5.332
— Age (years) x 5.474
— (0 if male; 1 if female) x 20.012

+ Calf circumference (cm) x 12.174

Equation 2: REE (kcal/day) = 594.819
+ Height (cm) x 3.760
+ Body weight (kg) x 8.888
— Age (years) x 6.298
— (0 if male; 1 if female) x 16.396



The mean relative bias (95% CI) with measured REE as a reference had a small bias for
Equations 1 (—0.1 [—4.1 to 3.9]%) and 2 (0.2 [-4.4 to 4.1]%); however, the Harris—Benedict
(6.2 [-10.3 to —2.0]%), FAO/WHO/UNU (5.3 [1.3 t0 9.3]%), Ganpule (—13.9 [-18.6 t0 —9.3]%),
and body weight x 20 (—11.6 [-16.1 to —7.1]%) equations had larger biases.

[Conclusions] The newly developed REE prediction equations using height, body weight, age,
sex, and calf circumference have significantly improved prediction accuracy in older hospitalized
patients. Further investigation is required to understand the factors contributing to age—related

decreases in REE for accurate individual-level estimation.

Study 3: Association of resting energy expenditure with phase angle in older hospitalized
patients

[ Background/Objectives] It is possible that the decline in REE with age cannot be fully
explained by a decrease in FFM alone. Phase angle (PhA), an indicator of cellular health status,
may be associated with this age-related decrease in REE. This study aimed to investigate the
relationship between REE and PhA in hospitalized older patients.

[Methods] A single—center, cross—sectional analysis was conducted as part of a prospective
longitudinal study, involving 131 eligible patients aged >70 years. REE was measured using IC
and calculated using the Weir formula, whereas PhA and body composition were assessed using
bioelectrical impedance analysis (BIA). This study investigated the correlations between REE,
PhA, and body composition and compared REE based on previously established PhA cutoff
values.

[Results] Mean patient age was 87.4 (+7.0) years, with 34.4% of participants being male. A
strong correlation was found between REE and PhA (r = 0.562, p < 0.001), which remained
significant after adjusting for age and sex (r = 0.433, p < 0.001). In the multivariate analysis, a
significant independent association was observed between REE, PhA, and skeletal muscle mass
(standardized B [95% CI] 28.072 [2.188-53.956], p = 0.035), with no significant interaction
between PhA and age with REE. The low PhA group exhibited significantly lower REE (890.0
[855.5-924.5] kcal/day vs. 1077.4 [1033.3—1121.5], p < 0.001), even after adjustments for age,

sex, and skeletal muscle mass index.



[ Conclusions] PhA was associated with REE in older adults. Adjusting REE calculation
algorithms based on PhA values and correcting predicted REE in accordance with PhA may
contribute to more accurate determination of energy requirements, offering potential

improvements in nutritional management.

Overall summary

This study aimed to identify indicators for implementing individualized nutritional management
based on energy requirements appropriate for older hospitalized patients at high risk of
malnutrition.

Study 1 assessed the validity of existing REE prediction equations. The results showed that the
five REE prediction equations from the Dietary Reference Intakes for Japan (2020) and the
ESPEN guidelines on clinical nutrition and hydration in geriatrics (Harris—Benedict,
FAO/WHO/UNU, Ganpule, Schofield, and body weight x 20 kcal) lacked sufficient accuracy at
both the population and individual levels. The predicted REE using the Harris—Benedict equation
was approximately 70 kcal lower than the measured REE. This discrepancy between predicted and
measured REE values, particularly in the older age groups, suggests the potential
inappropriateness of these equations in clinical practice and highlights the need for new equations.

In Study 2, new REE prediction equations were developed using holdout validation. Equation 1,
designed for facilities with nutrition professionals, such as medical institutions, includes height,
weight, age, sex, and calf circumference. Equation 2 was created for settings without nutrition
professionals, such as primary care or home care, and used height, weight, age, and sex. The
validation process demonstrated that these new equations improved the prediction accuracy at the
population level compared to existing equations. However, despite being better, the individual—
level prediction accuracy was still not optimal, indicating the need to further explore the factors
contributing to age—related decreases in REE.

Study 3 focused on identifying the factors influencing age—related decline in REE and examined
the association between REE and PhA measured using BIA. This study found that PhA was
independently associated with REE even after adjusting for skeletal muscle mass. The low PhA

group had significantly lower REE (890.0 [855.5-924.5] kcal/day vs. 1077.4 [1033.3-1121.5], p
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< 0.001) compared to the standard PhA group, with no significant interaction between PhA and
age affecting REE.

This study suggests that existing REE prediction equations are not suitable for individualized
nutritional management in older hospitalized patients and that using the newly developed
equations could improve the accuracy of the predicted REE. Furthermore, PhA showed an
independent association with REE, indicating its potential as a corrective factor for calculating
energy requirements. All three studies focused on REE to obtain indicators for individualized
nutritional management in older hospitalized patients, highlighting the inadequacy of existing
REE prediction models and creating and validating new models specifically for this population.
These findings indicate that PhA is independently related to REE. With no validated REE
prediction equations currently available for individualized nutritional management in older
hospitalized patients, the newly developed Equations 1 and 2 hold the potential for calculating
the appropriate energy requirements. Future research should aim to enhance the utility of
Equations 1 and 2 by validating their accuracy in diverse populations and assessing their impact

in clinical implementation studies.
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FRR DZALTES TIE 3SR T E RWAREEN B Y [17], @il D 7 —7 Th 513 L REE
T DBRIBARE O E MR T2 2 & b S TRV (18], M2 fES REE O
WZRET 2RFEH LN 22 LITFFICHETH S,

FREBICIRT DA DOEEMN L REE & ORE

frfif (PhA) 1% S0kHz DAERBRA B —& L 2081 (BIA) % WV CHIE S5 e
TdH Y | HIIECHRE O RREZ /R L19], i\ PhA 13, MIIEO L 0 BUVRRER 7R L CTU5[20],
[l U< BIA TR LD BT ECRABN R E & 13872 0 | PhA [HHARR DK 73 oM D
BICET LR L, RERBOE L, B0, BHRE. ERER ED L ax=T7%
R L DEERZRBH DR STV S [21], il B EEICHV T, PhA I HERSEER I & 2 (4AH
fag Db AR L, RO LFH22]B I OHAE, FHHOKTFRI]EBEELTEY, 72
AR B\ TR IRTE & BB BIR DS & 2 IR OB B il B 7 & % ST 5 8N A o
~— N — IR D ATREME S B H[21], & HIT, PhA 1B 721) Tre < ka7 HR RN EE
BN T—E L CRRIBI R ECE KT B & B L[24], ECOFHI~— I —Th D
LB INTWARS], Lo T, PhA SRR B2 FFomimE 128\ T,
TERNERBE RO T2 OBEBRIEIC R D RN B 5, — ., @iy AU — b &axig e L
7258 ClE, PhA 1% REE O FRIRFTH 2D Z /RSN TIE Y [26], WIKEE ZHToA
Z%tge L UT-AFECld. PhA % REE THIOLEH L L CGHAADELRRI STV 527,
28, TIHDZ LD, mEARTEF TV TS PhA [3IMECHE S REE O TFICREE-
L AR B D

13



BRI XNV —HEBEOTHROKE

REE O FIRUTEREHIME (R, IKE, BRIRIAE) . MR, Fl, RERESZAD
DALAEDRFITE DT STV 5[29-32], ICIEZREEBIED T —/L AKX 2 — R Th
DA, A MREINIREEIC &V £ < OERERE TIE R FHICRIHTEF15], fiffss L
T & LT REE FlllzUAMd ] & 4L, Harris—Benedict DA E T $[33]. HB4+ T b [9]E 45
THIH SN TS, LarL, @il Tk REE TRIFEORENME T 2 flaetkni & 5, Harris—
Benedict D& 1918 £EIZT A U I NEFRRRA 25 BITER S 72 TH Y | 21-70 A3
JSEPH T H H[29], D 7=, Harris—Benedict D2 X % REE FlIfiE 1L, IC (2 &L % 5| REE
LT, 18 L LD IEFRE DO RE AN LGB 13 73%D G TEM 2 THI23 7
BT D Z &N ME SN TV DHD[34], EilieE TlE33% L IEMER PRI TE 202 L3R
HINTVD[35], AARNDBHIEERHE 2RI LIEMRICEWN TS, BEfFO RO T
HIREER AR+ Th D Z L BHE SN TE Y [36], EDfOPEAF O REE THIRIZIB N T,
iR D REE Z EfEICHETERW I EBREHINTVD[BT], S HIT, ERESLT LA
VORI L TRMEDORREN LV KREL LD ARE LRI TVD[38,39], —H T, &
PEHIRBR £ 721X D B Y 7 — 2 a URBRICARBE LT B &2 x4 & L7 BF%E Tl Harris—
Benedict DN RAF2 T 278 LTz & DS S & U [40], Siln# (23T REE FHIZNOF] ]
IZBEF 2 B Licar 2o 2356 Tnely, ESPEN OEkE OREEHICET D
A RITA4NCBNT, 2R X —LERORHIZ REE THIXZ R4 2 HERHIE I /2 [41,
42],

LibEd X 51z, BEfFo REE FRID BANEEE IZHBT 5 TFRIEEZICOWTIEIH LN
o TEB LT, ZOFPHIIHENT STV, AFRIZ T T < R RIZB W CRlig A
ML TRY | 2OEBREITRREO Y A7 BENZ LITE<< AL TWD, L7ehio
T, EEICRB O CTEINEREE IR T D) = L X — LB EORHITE N 54
AW BT L, BRRD SIET £ CRJIAVRDL TG "I RE 72 Sl 1) 1T 0 REE F#lIz04 B
BT HUNERD D, SHIT, MEIZ L5 REE O, REE FRIEO TRNEE O T & B
THRFEZPF LT HZ LT REE PHKEZ®mD b WREMNH 5, £ 2T, AHFE
TIHRAIRBE DO NEHRIRIZ AL L7z 70 5% 2L Lo @&illis ABT B 2 %8212, BEfFD REE Tz

ZUPEZ R L Sl g OF 7272 REE THIKOBRAE « 24 EOMFE, REE & PhA &
DOBSEZ B 5 )N T B 72O OWFFE 2 FhE L7z,

14



BLE AR E BT DBRFEORHR T RNV F —HEROTRIX
& ERMEDO LB (BF5E 1)

2-1 HEY

28 13, ABEMIR DIER[6]. JE L RO HENN[3, 517 & O FH 2 MiRsIF & BE L T\ 5,
ABEBE TR 2 B2 B oA MM 2 M) L7z EFFORT #FZE[7] Tld, ARt (2t
T DB REE OB R A ES L, bR E BTN LT U 27 O, ADL, QOL
BFVAZOWDEEEL TS Z EAMEL, EREFHNA Y v MOV THHELT
W 5[8]s ESPEN DT F Z/X— 7 )—12 L% a2 A TiL, EFFORT #f%ED B 473
FERICRET 2 EEARERIL, @OV —UEEORH Tho o2 " LTk
D[9]. WE =R X —MEEOFHEIZEED  ERMERBEHEIL, B2 BRIRERRO R
BHFIAY > FEb o b3 aEEMERH 5,

REE (X, TEE @ 55-75%% (58 5 H.— THRKOHKEFR TH Y [14], @Y=/ ¥ —2
BROFHLZ OFHEIZ IV T b HEZRFFE TH Y . REE OREEE LTI IC KA =—1
RAZ L HE—=RTHH[15], LHLAENRE, IC 13% < OEREE I HMICHH xS
[15]. Harris-Benedict ®F.72 &> REE THIFMEH 41TV 5[29-32], @l BT D
Harris—Benedict DD FHIKGEIZ OWTIIFAR T 2 WF7EHE 23 & V [35, 40]— £ L7 MR
FHNTNRY, £2ZOMOBEAFD REE THIFES milsE ICB W CEMR THIZRETSH
D ATREMEDN RS STV 5 25[43]. AR NSl 123V CREAE O T IO Tl 2 4 I B4
DFFHIIEE A ETTDIL TR, 22T, AR CIIEROAREE L x4 L L, IC IZ
L VELNTZER REE & PHIFIC &0 B L7 7l REE OHEATTV Y, BEFO REE Tl
KOTRUREEZHET5Z L 2AME L,

2-2 HiE
MRET A v L xRE
JA BHEAM BBREENEHRRIZ AR U 7z & kB3 & 5 B s A i 78 2 520 L
Too XRBFOBPGEREIL (1) 70 Ll B, (2) WRRBOARL, (3) ALK 57X
TOFEDOBIMIFERE L TWDHZ & & L, AT (1) BREREED LI ATIFRERE
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H, Q) BRgsmEE, Q) BfraEfL 15, @) RERRICY—208355, (5) Tih
1T L 0 ABESIRIAS 1 RN & S e PR AREH & Lic, 72, IC, BIA OJIEN
6T CTERD T BE | AR PICEIER B2 FE LEEBE L7283 AT DERSE LT, 51
TOMEERITEED LUIMGEE LD OFHEICL DA v 7+ —Lb Farty MEFTH
bRk Lz 1 EMUNICFE M LT,

ABFFEIE, JA B A R Rl A EIRER - BRI RS PR AR B R DRRE X
B 1 K19-009) , ~ v U R ESBE IO TANE0G & 5 AmElY - B RIFIEIC
B3 2 fEkie gt (206> THEM L7z, AIFZEIT UMIN ERRRBSG S 27 A (UMIN Bk
ID : UMIN000040499) 2GS T2,

FEAENE
REE I IC (=7 mE=% AE-300S (X7 FERS, KB)) ([CXVHlE L, ICIE—K
(12 FffH]) otz 30 /M OMEMLZFF D%, Fill 7 K681 8 RFD T 15 2l
EEATo T, ©T BE =X Offi i L HEREN 22 X DT ERRIER T TV, BRORIRIX
23-25CIZHIE L7z, MIE S -l & (VO & fbik#pEAERE (VCOy) 75 Weir

D [44]% HV T 24 BFfH oo REE Z2HH L7z,

Weir D [44]

REE (kcal/day) = ( 3.94%xV0,+ 1.11 xVCO, ) x 1440

WEEE. BFHERHE

IC 7€ & 7] H IZ Charlson Comorbidity Index (CCI) [45]. Mini Nutritional Assessment-Short
Form (MNA-SF) [46]1Z & 0 Of 7R & SRAERIRAE 2 FHM L 7o, AR E 1T BIA 12XV Inbody
S10 (A v ART 4 = D/ v W) ZHWTHRIE Lz, WHEGRIE TIXEE 22— (12 K
) il U, HER%E 15 oy BHIEML CZ2ER L7ORIECIIE L, WUBCE & A5 B4 (SMD)
DOEMZEIT> 72, FTRERE (CC) IXMMEMI CTHZ 90° 1Tl L5 < HIXE D RS

7 CHIE LT,

16



IRAE OB, HIEEE

IRFE OB M, BIEE NI Global Leadership Initiative on Malnutrition (GLIM) k%
N 2[47], T X TOEEFIZMNASFIZLDIRREOR Y U —=0 T HITV, i0E 3-6 ) A
M OEREZEIC OV TER L 72, BodyMass Index (BMI) . Skeletal Muscle mass Index (SMI)
DOFHBZATV, BB X I LRI RE DR FIZABRE TR X AR5k B B o
(IS E R U7z, RRE O EEE AR Tl K BMI OB v M A 7 EIZEATIE S B &1
17.8 kg/m? CalAfi L[3]. HEEOBEAEAL R IZ1E Asian Working Group for Sarcopenia 2019

(AWGS2019) consensus update[48] THLE STV SMID A~ b A 7 (B :<7.0kg/m? |
T <5.7kg/m?) % 10%LL B FElS 72355 L ER LT,

REE FHIZ
AR5 CTIEREF® REE Tl & L T, Harris-Benedict[29].  Food and Agriculture
Organization of the United Nations/World Health Organization/United Nations University
(FAO/WHO/UNU) [30]. Ganpule[31]. Schofield[32]. {AEE x 20kcal ® 5 2D R% H =,
B D 4 21% A ARN O R FEEIENE 2020 FEAR[49])IC LR S U TR D | (ACH X 20kcal |3 ESPEN
guidelines on clinical nutrition and hydration in geriatrics[41] C/R STV 5, ZNENDORNDFF
%% Table 1 IZ/R 7,

RERHRAT

P TN A XOFHETIX, Miyake HOEITHIZEZSEIC L, Z 2 Tl Harris—Benedict
(2 X 5T REE & 32| REE (2 150 £ 103 keal/day OFEZENIRIE S TRV [50]) . Mt =
0.8, Bonferroni 4l IE#4 7 a.error=0.01 & FHW\ 72354, 60 ALL EOBENMLE L FH I N7z,

BERHIEATIE, RRE 22K, 70-89 5k, 90 kLA L3RRI/ T TITWV, NT AR w72
BETARIT M + EHERZE, 28T A MY v 7 il AR Pl DU 5 P £
T/R L7z, EM REE & Tl REE DT, — Bl E /0 B3 HT 247V Post hoe BiE & L THE
J| REE % 21> hr—/ L't L7z Dunnet D% HILEHRE ZTT -T2, T XTOMITIZIZ R 4.1.0

(R Foundation for Statistical Computing, Vienna, Austria) % fV 72,
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2-3 fER
XRE B

70 5L O mEs ABEEE 100 4 & KRR ZIT o7, I RE DR Table 2 (TR 7,
TRTOBEOFEFHIL 88.1 £ 6.8 5T, 34% N HMETH -7z, FH BMI IE 20.1 + 3.5
kg/m?, P45 SMI (X 4.67 + 1.47 kg/m?> TdH V| GLIM FEHETIE 72% DN B DARRAE, 28%0°
HEEDERETH -T2,

T REE DER L~ VORE

S REE & I B R U7 78I REE OF5F: % Table 3 & Figure 1A 12777,

EIRTIE, i REE O FH4{E  (95% confidence interval) 1% 968.1 (931.0 ~1005.3) kcal/day
Toh o7, FZH REE & T REE @ ki Tld Harris-Benedict, Ganpule, {AH x 20kcal |34
B 2P REE 2ME< (2R FH 898.6 [873.1 ~924.1] keal/day, p=0.011, 830.1[790.3 ~ 869.9]
kcal/day, p < 0.001, 857.7 [821.9 ~ 893.5] kcal/day, p < 0.001), FAO/WHO/UNU & Schofield ©
LT REE 2 @EfE %R L (Z12740 1014.3[987.1 ~ 1041.6] keal/day, p=0.164, 1066.0 [1045.8
~1086.2] kcal/day, p < 0.001) . Schofield TIZAH & IZ Tl REE 23 &> 7=,

70-89 1% D 7 /L— 7 Tl 5EM REE 13 1041.8 (987.5 ~ 1096.1) kcal/day C & ¥ , Harris-Benedict,
Ganpule, {AE x 20kcal TIZF#| REE 2MEVWMEZ R L7z (R4 964.9 [929.7 ~ 1000.1]
kcal/day, p = 0.068, 924.2 [870.5 ~ 977.8] kcal/day, p < 0.001, 929.0 [880.0 ~ 978.1] kcal/day, p =
0.002) , FAO/WHO/UNU & Schofield TIZ Tl REE 23 G 2 7~ L7228 (Z3LE41 1074.5[1034.9
~ 1114.0] kcal/day, p = 0.761, 1105.5 [1077.5 ~ 1133.6] kcal/day, p = 0.174) . Harris—Benedict,
FAO/WHO/UNU, Schofield TITHEREITBD N7,

90 % LA LD 7 /v — 7 CILEM REE 13 891.4 (850.3 ~932.6) kcal/day C & ¥ | Harris-Benedict,
Ganpule, fAH x 20kcal IZ[FIERICIRVMEZ R L (Z4L2740 829.6 [804.3 ~ 854.9] keal/day, p =
0.071, 732.3 [687.1 ~ 777.5] kcal/day, p < 0.001, 783.5 [739.7 ~ 827.2] kcal/day, p < 0.001) ,
FAO/WHO/UNU & Schofield TixT#l REE 2@EfEZ /R L (Z4E40 951.8 [923.1 ~ 980.4]
kcal/day, p = 0.081., 1024.8 [1000.3 ~ 1049.3] kcal/day, p < 0.001) . Harris-Benedict 3 J O}
FAO/WHO/UNU, TIIAEREITRD otz
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FH REE OfEA L~ )VOREE
2 REE & kg U7= Pl REE OFRELZRFT L& 2 A, X TOR T T REE & EH
REE DOMXFEZEN £ 10%LNICILE > T2 BF OFEIG DY 80%LL BT/ 5 Z L3 noTe
(Figure 1 B), FEXIRRZZDS = 10%LANICILE - 72 B OEIG X, 2K TlX, Harris-Benedict
T 51%. FAO/WHO/UNU T 59%. Ganpule T 30%. Schofield T 38%. {&E x20kcal T 35%
Toh 72,7089 ik D 7 /L— 7 TlL, Harris-Benedict T 53%., FAO/WHO/UNU T 65%. Ganpule
T 37%. Schofield T 45%, {KHE x20kcal T35%TH V., 90 Ll LD 7 /L—7"Tl, Harris—
Benedict T 49%., FAO/WHO/UNU T 53%. Ganpule T 22%. Schofield T 31%., A x20kcal
T35% ThoT,

2-4 BE

AMFFETIL, 70-101 5D HARNEAE 100 4 2 %R REE MIED T —)L A Z o Z— T
% ICIZE Y R REE 2] Lc, TOfR, BiF? REE THIAUI5EH REE (2% L T

IRIQICER TERUVEREZA L TERY . ZOREIT KU EOBBFETILVERTLZ L%
B ST L,

AWFFEIZ I\ T Harris-Benedict (2 & 5 Pl REE (X, S| REE %) L T 69.5 keal/day T
[V . FAO/WHO/UNU Tl 46.2 keal /day, Schofield TiZ 97.9 keal/day F[A1Y | Ganpule Tl
138.0 kcal/day, fAE x 20kcal CiE 110.4 kcal/day R[> T\ 7z, ABEB#H 68 44 (74.4+93
i%) @ Siervo ©IZ X % J4THFSE Tl Harris-Benedict (2 & % Tl REE 1232 REE £ v %, 26.7
keal/day D72\ 2 & &S LCI 0 [51]. ABIZE L D e Ao T2, & 512, Neelemaat
51 743 + 9.1 iR D ABTEFHE 194 4 2t RIFEROIET 2 L CTH Y . Harris-Benedict (2 & %
FHJ REE {3528 REE (Z%f LT 141 kecal/day D72 h o722 L ZHiE LTV H[35], & HIZ

Z OHFFETIE FAO/WHO/UNU & Schofield I oW T H R L TRV o L7z REE
TR S HIZER REE 2 THICTE 2o/ Z L 2/R LTV D, 2D OMEITEEDIE
T2 D b ODORMIEDORER LA TH -7, —7F T, Miyake 5% 70 mLL EOREEE 72 %t 5
HICARRDOIRFES 21TV, Ganpule 23 & TR DEN TV Z L 2HE L TWH[50], &
HIZ Z OFFETIT AARN DR FEIELAE TR I TV D EHEARET A BN (B A = 21.5,
e ARE % 20.7) OREBHIMREEL TR Y. FEH REE XV b 32-80 keal/day 2 EE i K FH
EIRDAREMED VR S Te, T OWFFETITRIGE OFMplE 79 mLA T & ARBFTE & 1358 o
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MRS KR E S R D ATREMEN H U | MR BIEFRER TH 5720, HFlinOxt GH ORI
Ji& C T REE TR AW 2 BN E Z b D,

AN LIS IBIT D HEERGEEIZ DWW T, (e miling 2 x5 & L7z REE PHIFOREIC
DWTHRFELIZ Y AT~ T 4 v 7 L E 2 — Tk, MxEEZED £10%ANTdh 5 BAF7e T2
T& 72 HE OEIE 1T Harris-Benedict DT 69% T - 72 & i TR Y [43], AWFZEL Y
HbROETHL EEDNDR, £ T REE PRI 45722 THIA TE2R2WAEEMELRH 5,

IR R RS O B E T REE FHIENG @il STl Y [52], RESER 7 /L— 712
Jis U7z REE T Z AT 2 MENENR H 5,

i TINE & & BIZRMOBVME T LIESRES2RICHET T2 U 227 2H LTV [53].
TER A BT i ABT B DIRRE L T 2 72 DI E B e & 2 K7 37[7]. AT
FERAT K0 BEAFO THIZNCIE IR REE (2t L CH 7 PRI TE RWAREMER & 5720
E i ABEBE BV COREE HL A FE M L BRAT e BRIRIRIR 215 2 7201213, FRIC @l AR
FIZBWTEEFO THIRE AW e o3 X —LEEORHIIAEY Th 5 ATREM R’ & 5

ARFFENNTNL DIOIRFERH 5, NN I N E I N S TRy g W= N T &5\
ThY ., MG Lo BEITRIRAA, T AOFRMER 5720, fERO—MBRACITIRAR D 2,

. ARAFFETIE CCT TIIRF SN TV RNV SRR AT s = 1 L F — (U
FIEFLTWDREEMENR S, SHIEBICE D REE ~ORBZH LN T HMNERSH D,
=1, AWFZE TR OMET 21T - 7272, BMI 2 REE THIEOREIZ G 2 2 BIC S
WTTRRFTCE T ey,

ARFFETIE, 70-101 3& D ElpEE 23T IC THIE L723EH] REE & 5 S OBEFO T
& AW T I REE OB 21T o 7o, EOFREER, BEt L7 T X ToFHIFEIZ L 5 7l REE
I%. FEH REE (ZxF L TR E RBRENZBO b, BIK TOMHADNNEETH D vfiethryvrme S
iz, SHIZZOREET 90 sl EOBE THKRT 5 Z LRSS, &l O REE % Eff
WZTRIT 572D L REE TRIXABRRE T2 LENH D,
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Table 1

Characteristics of equations for the prediction of resting energy expenditure (REE)

Equations

Harris—Benedict[29]

FAO/WHO/UNU[30]

Ganpule[31]

Schofield[32]

Actual Body weight x 20[41]

Male
Female
Male
Female
Male
Female
Male

Female

66.4730 + 13.7516 x weight (kg) + 5.0033 x height (cm) — 6.7550 x age

655.0955 + 9.5634 x weight (kg) + 1.8496 x height (cm) — 4.6756 x age

(36.8 x weight (kg) + 4719.5 x (height (cm) / 100) — 4481) / 4.186

(38.5 x weight (kg) + 2665.2 x (height (cm) / 100) — 1264) / 4.186

(0.0481 x weight (kg) + 0.0234 x height (cm) — 0.0138 x age — 0.4235) x 1000 / 4.186
(0.0481 x weight (kg) + 0.0234 x height (cm) — 0.0138 x age — 0.9708) x 1000 / 4.186
(0.049 x weight (kg) + 2.459) x 1000/ 4.186

(0.038 x weight (kg) + 2.755) x 1000 / 4.186

body weight (kg) x 20
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Table 2

Clinical characteristics of the studied patients.

Overall Aged 70-89 Aged >90
Characteristics
(n=100) (n=>51) (n=49)
Age, years 88.1+6.8 82.9+5.1 93.5+3.0
Sex, male n (%) 34 (34%) 23 (45%) 11 (22%)
Height, cm 146.0 +10.7 150.0+11.6 142.0+79
Weight, kg 429+9.1 46.5+8.9 392+7.8
BMI, kg/m? 20.1£3.5 20.8£3.6 19.4+33
SMI, kg/m? 4.67+1.47 4.99+1.42 434+ 146
CC, cm 273+3.9 284 +4.1 26.2+3.3
MNA-SF, score 7 [6-10] 8 [6-10] 7 [6-9]
CCI, score 2 [1-3] 2 [1-3] 2 [1-2]
GLIM criteria
Malnutrition, 7 (%) 76 (76%) 37 (73%) 39 (80%)
Moderate malnutrition, 7 (%) 21 (28%) 11 (30%) 10 (26%)
Severe malnutrition, 7 (%) 55 (72%) 26 (70%) 29 (74%)

Data are expressed as numbers of participants (%), means + standard deviation, or medians [interquartile range].

Abbreviations: BMI Body mass index, SMI Skeletal muscle index, CC Calf circumference,

MNA-SF Mini

Nutritional Assessment Short Form, CCI Charlson comorbidity index, GLIM Global Leadership Initiative on

Malnutrition.
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Table 3

Evaluation of resting energy expenditure (REE) predictive prediction equations

Overall (n = 100) Aged 70-89 (n=51) Aged > 90 (n=49)
REE predictive prediction equation

Mean (95% CI) Mean (95% CI) Mean (95% CI)
Measured REE, kcal/day 968.1 (931.0, 1005.3) 1041.8 (987.5, 1096.1) 891.4 (850.3, 932.6)
Harris—Benedict, kcal/day 898.6 (873.1, 924.1)* 964.9 (929.7, 1000.1) 829.6 (804.3, 854.9)
FAO/WHO/UNU, kcal/day 1014.3 (987.1, 1041.6) 1074.5 (1034.9, 1114.0) 951.8 (923.1, 980.4)
Ganpule, kcal/day 830.1 (790.3, 869.9)*** 924.2 (870.5, 977.8)** 732.3 (687.1, 777.5)***
Schofield, kcal/day 1066.0 (1045.8, 1086.2)*** 1105.5 (1077.5, 1133.6) 1024.8 (1000.3, 1049.3)***
Actual Body weight x 20, kcal/day 857.7 (821.9, 893.5)*** 929.0 (880.0, 978.1)** 783.5(739.7, 827.2)***

**% p <0.001, ** p <0.01, * p <0.05, Dunnett tests were performed for with reference to the measured REE. Abbreviations: CI confidence interval
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A B

Overall (n = 100)

Overall (n = 100)

Harris-Benedict — Harris-Benedict
FAO/WHO/UNU A —— FAO/WHO/UNU
Ganpule 4 —— Ganpule

Schofield 4 — Schofield
Body Weight = 20 - —— Body Weight < 20

Aged 70-89 (n = 51)
Harris-Benedict 4 —— Harris-Benedict
FAO/WHO/UNU A —_— FAO/WHO/UNU

Ganpule —— Ganpule

Schofield ———— Schofield
Body Weight x 20 —— Body Weightx 20

Aged 70-89 (n = 51)

Aged = 90 (n = 49) Aged = 90 (n = 49)

Harris-Benedict 1 — Harris-Benedict
FAO/WHO/UNU A — FAO/WHO/UNU
Ganpule 4 —&— Ganpule
Schofield - —— Schofield
Body Weightx 20 1 —— Body Weightx 20
-20 -10 0 10 20 0 20 40 60
Bias (%)

Percentage of REE estimates predictions within = 10% of measured REE

Figure 1
Accuracy of resting energy expenditure (REE) prediction equations by age group. (A) Percent bias of resting energy expenditure (REE) prediction equations
compared to the measured REE. The mean relative bias (%) was calculated as follows: ((AREEPredicted)/REEMeasured) x 100. Error bars represent the 95%

confidence interval; (B) Percentage of REE predictions with a mean relative bias (%) within 10% of the measured REE for each prediction equation
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BIE HEFABEEE TR DR XN T —HEEDO FRINDOBEHE
EZAMORIE (BT 2)

3-1 H®Y

MA@l E A B O XV [1], FIHEREBEHOHEEMNEE > TV D[2], Ml
FH IR OBE N E < [3, 4], EEBOEIEE IS U TIE U 27 BN 5[5],
EFFORT #FZE[7] Cid, EBNLRBE B OFIMEZHE L TRV, O FEE R ERN L@ /2=
FAX—REROREHNTH D Z ENRE SN TWD[9], HIERHE KT 058 TIE, i
TR LX —HEN overfeeding & underfeeding D THEIZ Y 27 DKL BEL THBY[12].
U = B R B IS B W T B RRICEIR T $ L ¥ —& L LT U A 71T U-shape DR
HIEDFERD STV A[13], B2 3L F—REEOR A, EHNLGRE I LV BT
72 B IRER )R 2 B 2 T2 IR AR T 5,

REE %, TEE @ 55-75%% {5 % i RO EESE TH Y [14], @@= x 1 —pEak
FO= RN F—FRROFHIZIB W TR b EERIFIE TH 5, IC i3, REE OREHED
—IVRARZ L E—=RTHY, fHx OBEOREEBIMERGEY) 72 = F L F— LB DR
ENTANED[15], REE (3MEIENE T 2 2 LA ST Y | Pontzer HIX7 A 7 A
F =BT B T RAF—RBMOLEITHONT, TR —EE EIIRIEN KR OB
FOANRERANT L= THEINL, 60 mLARETRA T2 2 L 28iE L TW5H[16], LarL7
N5, INEEIZ &% REE ORICE ST 2RFEH NS NTE LT, ZaBonicT
L EMRETH L,

REE O FRIAIZHREHAE (FE. KE, BRIBVIAE) . ML Fin, KERESILD
DOIAE DB IES X MER STV 5H[29-32], Harris-Benedict ®=(2 K 5 REE THMEIE
ClZ X AN REE & il LT 18 ik B O IEEERE ORI RHICHIA LI25E 13%DEIAE T
ERE7 TR FRETH D 2 L BHE STV D A[34], FlivE Tid 33% L2 IEfEZ: T3 C
TN ERHE STV AI35], %8 1 TiE, BEF® REE THIEO TR E L 22-59% T
BV 90 kLA EOF G L — 7 TIL TG E B FEICAK T L Cuie, 207 D E i Tld REE
TR D FHREE LSBT D AIREMER H D, S DIl & =R F—H O L E B ET
% &, minEOMHAICRE U728 LW REE THIRAMETH S, £ 2 TAMFZETIX, &l
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DABERE Z %G L L7=# LW REE PHIKZBIR L, ZOPHEE R & O 4107 %2
THZEEHE LT,

32 Fik
WRT VA v LRE

JA ZHEAE IR BRI AT U 72 Slin B3 & k52 Bl s AR WA 78 2 5 L
Too AGBFEOBRRIEMET (1) 7052 B (2) WEMRBIO ABL, (3) ABFZEICEIT DT
TOREDOBIMIFEZE L TWHZ & & L, BRAMEREIT (1) mFEFEED L <IN LI ERE
H, (2) RIBREEH, Q) BH2EML TS, @) WREBRICV—IB3H5, (5 Tk
A2 L0 ARSI A 1 B EARG & B S PRAREE L L, £/ ICKB XU BIA IZ
K DWMENTT TEX 2o BE . ABETICAME R ZFAE LSRR L7 B3 S i#T 2> HBR
Nl TNTOREHRRITEES LIRFEENOOEmMILDA T+ —LbFart
YR EETHhHLIBBLZE 1V EBUINICEm LT,

AWFZEIE, JA BMEAME IR ERESETRER - BRRITC S MM A 2 B 2 07K
ZUF OBERE S T22-011), ~ Y U FESB IO TAZMR L35 EMEE - ERRFE
(2B D fBdE st (SHE > THEM L7z, ABFZEIEL UMIN BRI GR > A 7 2 (UMIN 7R
ID : UMIN000040499) 12888k S 41T\ D, ARBFZETIE, Xt5#E D7 — & % development dataset
& validation dataset {Z57#| L, development dataset |27 L\> REE THIZNOBAFIZHEH L
validation dataset |ZBEfFD REE TIZC & el L. BA%E L7 REE THRIKORE 2 MGEd 5 7=
DI L7z,

HHEFT RV —HERE

REE OHIEL IC (=7 mE=% AE-300S (X7 FEFRF, KB)) (K0 HE L, Hl
TERMNC Y & ARHET 2T K DIREAITV, e 2325 CIZE B L 7o, FBE I B (12 W)
Mg L, 30 o3 DR, PRI T RS 8 RFDRIT 15 0 MllE Lic, 7— FAMH L—EH
FETIA L, JE SR E (VO,) & “{bRFEAR (VCO) 75 Weir DX[44]
Z T 24 B[ O REE 25 H L7z,
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Weir D R[44]

REE (kcal/day) = ( 3.94xV0,+ 1.11 xVCO, ) x 1440

T REE 1%, #r7-12B8% L7= 7= (Equation 1, Equation2) &, ERIRCTHEH I TV D
BEAF DTz & L T Harris—Benedict[29], FAO/WHO/UNUJ[30]. Ganpule[31], f/KE x 20kcal[41]
ZHWTHMH L7 (Table 4)

WEEE. BFHERHE

IC HIE & A H 12 CCI[45]. MNA-SF[46]IT LV DFFH R & SRR AE 2 714l L 72, ASHELRCH
1T Inbody S10 (f U ART o« ¥ /30 H ) 2 AV T BIA IZ K DHIE & FERE P& (CC)
OFMi % AT > 72, BIA IZ X DHE CILBEZ B (12 BFR) #f & U, PERS% 15 0 RIImE
AT LIIRECHIE L, B E (kg) ~HE (m) 212X SMI OB ZIT 72,
CC IHMEAME THIA 90° 12/l L5 < BIXE D H KW THIE Lz,

SERHENT
INT AN w7 Il BT EE £ R RAETR L, S XT A N w7 I
Il %] CRL, 73U —EHITE DR TR LI, AFETIET —4 %

FRZAERLH O validation dataset & FRFE O validation dataset (257 L CE T /AMRFEZ 1T 9
Hold—out validation % 3&fiti L, 8% % ME{E%(Z 3:1 T development dataset (n=100) & validation
dataset (n=34) ([Z3E|I L7, 7 —F &> NMUOEROZERE MFTT 5 72912 Student's t-test,
Mann-Whitney U-test, Fisher’s exact test z 3 L 7=,

Hi7-72 REE FHIZNOBE % T, development dataset % VN CRLAATe 2% & L CTEEE DT
PR THEAIN T D HE, RE, Fln, HERNCINZ T, R CESICHIE TE 550 &
OREFEIETH D CC bz Tz, HEER—RILIEET V& W TEMN REE & Zi1b D%
HIZ DWW T standardized B Z JHWCTRIEMZFHEI L, £ D%REEE—RILHIEET L& Hn
THE, (KE, F#n, PRI, CC ] L7z Equation 1 & &K, (K&, Fln, HEHE AW
Equation 2 # {Epk L 7=,

Fr7-IZAERK L7z REE PRI 24 % OFRGEETIL, validation dataset % F\ T3] REE %
57 L L Equation 1, Equation 2, Harris—Benedict, FAO/WHO/UNU, Ganpule, A E x 20kcal
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MORF LI TH REE & DOHHRZAT - 7o, M LUV ORGEE Z2 3l 97 % 72 0 (2 AR
=% B U7, 92 REE & T REE O A O Mg Tl — ol /0 oot 2 4 L. post
hoc B/E CIZ M REE % = > h 72—/ L & L7z Dunnet B % Ehi L7, AL~V OREED
ST Tl&. Accurate estimation & L C il REE 235 REE O £10%LAN T - 7= BE OEIS
ZRH U7z, SR aRRA S (RMSE) 1 TE 7 v O T HIREEE 2 5FAl 9~ 5 72 DI HE L limits
of agreement ZHEE 9 5 72 IZFE M REE & Tl REE D7, F¥JfE % Bland—Altman plot % {:f
FH L CHefz L7=, R4.2.3 (R Foundation for Statistical Computing, Vienna, Austria) % {# ffj L 7=,

ARFFEICH T DY 7 A XL, Event—per—Variable (EPV) D JFHI[54, SSIIZHE - CRIHE
L7z, EPV OFHITHE, & TR FIZOWTHRK 10 ZA0OBFEZLEL L, ZHI2LY
overfitting Z f&F1 L CE T /L O fRFET 5, REE OBJEK -2 Rit L. 5 2O THIKA
FHET M EDTSE . EPV OJFHITIE—RAYC n =50 DY Tt 4 ARUEELE 2
bNb, AWFETIEn=100 THRIET VEERLTEY . ZIUT—RILBIEET L &5
TRIDOMERY T NH A X2 TV, EPV OFHANCES rAAR R RET LT
H D,

3-3 R
X ERE B

ARFFETIX 70 5 PL LD ABERRFE 134 a5t 5 & Ui, RIKDT — 4% & » M development
dataset (n=100) & validation dataset (n=34) (T 3:1 OEIE TENERIZ/EIL 7z, Table 52
BEBLOT =2ty MNHOHRERMEZ R, FHEEIL 874 £ 6.9 7T, 34.3%08 K%
Tholz, VR, Fln, KK JOMRMAL, £l REE, %R, OHFEZREIT development
dataset & validation dataset DT — % &~ M TEX 20 ~72 (p>0.05),

% L\ REE THIROBF
FEHl REE # AWK L T OHERE—MRILMIEET VICK D FHl REE T HE
(Standardized B=0.654,P<0.001) . {&H (Standardized 3=0.706,P<0.001), CC (Standardized
B =0.620, P <0.001) &3RVEEN D -7, Flin (Standardized B = —0.480, P <0.001) . M5!l
(Standardized 8 =—0.454,P<0.001) 32| REE & AE 2 A O R L, %l REE 135
PEDOHNEMEL Y S HEEIZFED -7 (1082.4[1014.2 ~ 1150.6] keal/day vs 905.5 [867.3 ~ 943.7]
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kcal/day, P <0.001), D%, ZEE-B{LHEETT LA AW TEN REE # HRUZE S L,
BE., KE, MR, CC Z{# ] L7= Equation 1 & CC 28 H & HIIHIE S/ Al REME & B 58
L C CC %[\ 7= Equation 2 Z{E L7~ (Table 6), Equation 1 & Equation 2 ® R2|ZZ %
FU0.649 & 0.622 TH Y | JRILIEHEILAE (AIC) 1T 1244.611 & 1250244 TH Y | ET L4
RELTOYTIEE VI CC 2 L7 Equation 1 D7 23MEN TV =,

BB L7 L Fo®m by
Equation 1 : REE (kcal/day) =  313.582
+ & (em) x3.973
+ {KHE (kg) x5.332
— v (y) x5.474
— (B0, et 1) x20.012
+ THREPAEE (em) x 12.174

Equation 2 : REE (kcal/day) =  594.819
+ & (em) x3.760
+ {KE (kg) x8.888
— i (y) x6.298
— (B0, et 1) x 16396

F LW PRI & BEFO T RO T HIKE E o ik
TR OREEE OFEH T validation dataset Z FHV N TITV, S2HI REE O F-HE (95% confidence
interval) (% 998.3 (940.3 ~ 1056.2) kcal/day Cd» > 7=, Equation1 & Equation2 % {# f L CHH
U727l REE (ZFEHMEICKR L CTHERZITR < (1 E4 984.5 [941.1 ~ 1028.0] keal, P =
0.999. 984.3[937.8~1030.7], P=0.998). Harris—Benedict & FAO/WHO/UNU % {i F§ L CHiH
L7-F# REE & 3l REE & E 2725137807 (ZEH 923.8 [880.9 ~ 966.8] keal/day, P
=0.219. 1039.4 [990.4 ~ 1088.4], P=0.775), —JC. Ganpule, {KH x 20kcal Z i/ L CTH
U727 REE (3520 REE IZxf L CHEICIKETH 72 (Z11Z4 858.4 [789.8 ~ 927.0]
kcal/day, P=0.002, 876.5[818.0 ~935.0] kcal/day, P=0.009) (Table 7. Figure2), “EHJFHxf7d
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721X, Equation 1 73-0.1%, Equation 2 23-02%TC®H V., WINb %KM THDH Z EnbHE
UL COIEMEMED R S L7z, — 5T, Harris-Benedict, FAO/WHO/UNU, Ganpule, A<
x 20kcal | FEEM L~V TREREEL R L (ENEN-62%. 53%. —13.9%, —11.6%,).
RMSE (% Equation2 & ¥ & Equation 1| D5 230 F 02 BAF Th - 72 (L ALE 4L 124 keal/day,
131 kcal/day) , Bland-Altman plot (Figure 3) |2 A##5Tid, Equation 1 & Equation 2 73
¥J7% (95% confidence interval) (2 0 25 A TV (ZE40 13.7[-28.5~55.9] . 14.0[-30.5
~58.5]),

fEA L ~L O FRIFEEE T, Tl REE 235 REE @ + 10%LAN Th - 72 & DEIGITEH
VT Equation 1 & Equation2 235 & @V 2~ L (ZHE T 65%. 65%) | Harris-Benedict,
FAO/WHO/UNU, Ganpule, f&H x20kcal iZ. fHA L~V TH THKEEIME 72 (E0E
A 50%., 53%. 35%. 35%).

3-4 BE

AWFZETIE, 70-102 i D @i ABEEHE D7 — 2 & v M W T REE ZHEET 2720 DH
7222 DO TFHAEZBAFE L, ZUMEOWGELIT 72, TOME., FK. KE, Fln, MR
CC Zffi ] L7- Equation 1 & & &, (KT, Fiin, MM L7z Equation2 25 IC (2 & 0 HIE
ST REEIZK L CTENZTRINZAT 2 2 & RENT,

CC % A\ 7= Equation 1 Tl CC Zf# [ L 72\ Equation 2 & s L C Accurate estimation &
RMSE OO T N RBGENTE D DAL, RN DRI T — &2 X— 2|2 F-S < HFE[18] T
X, EREICHIE S -ldigs ER S REE & OBEICOWT, REOALE AW TER LIEET
JLCIE REE @ explained variance D#) 50%% it C X 7223, BRAGIIRE O A% W TIERL L
T2 BT VT 64%FE TR /1A M L L7c 2 L3 ST 0 . REE IS B # )
ZAeARIATe Z & T PRGN A B3 2 AIREMENE X AL D, CCIEERIK THEA Lo < [56].
B EZ LS RT DR TH D57, @D 7T 7 VNV AL axR e LIEETIE,. 7
I TN S m< 2N S DD CC Z W7 AR = O TR BRIV A E & %0
TR Z2H LT\ e Z & 2 L TR 0 [58] AHFJE TIL CC i H L7= Z & T REE O
TEAGE N B U= [REMENR 8 5, F 72, Equation2 (2B W T HEEFO PRI L 0 2 W =
LTWe, CCIRLAERN AL EDPHFRBICER S 27RO E AT, M DR
ZEDEIT XV IEFEICHIE TEZRUWATREM:A S V) [56]. Equation 2 [ZV#IEE DB T CC 23
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IEFEIZHIE TERWIEE. REHEMEA W22V THER 2 BFT 5 Z L3 TE 5,
B, ZEEET B THROHEIEITAE TR0 o7, 65 Ml LoEEIZRIT 5
REE T Z B L72WFZE Tk, MR ET VICB W THER TIIERTIE R o722 &
2B PRI HIEFRA ST Z[59], LA L, ARWFSETlE development dataset (2350 THE
I REE IZB LM THEENRD b, T VOHEMITAE TR1-2T2b DD, EESHT
T TPRIRUCHE R L2250 5 HFR & CC 12N THRIE OFBERLZEEARRD b
7efe®, PERIAY REE & THIZEEMICREL 52 2R -7, S 5T, M5lIX REE O
RERFTHLZENMbNTEY | KE, K, Flin, MHlEEH L TER L2713
REE @ explained variance @ 71%% i3 2% 2 & 5 [18], AWFIE TIZAEEM /2l & LT
PR 2 RIS E DTz,
AW T, £ LV OTREE 2 it L7z & 2 A, EHI REE & Tl REE Ok Tl
Ganpule, {KE x20kcal TOHAE/27ZENF8 HiL7=723, Harris-Benedict & FAO/WHO/UNU
TIIABERETRD N oTe, LU, EHMXIFEZIE Equation 1 & Equation 2
TRIBICEEEL TR Y . BARAGEEE (0T 2 RO E 25T L7 RIC W THEE
70D REE T OELFARFRZED 1-15%FLE Th o722 L 22 H[60]. ABFSETHFE L7z
Equation 1 & Equation 2 (34 L~ /L TENTZ TRIKGE 263 2 "lREMED /R S vz,
AAFFECIE Equation 1 & Equation 2 OfE A L~-L O FRIEEIL 65% ThH D +43 £ I1EE &
0, R m A 23T HREFD REE THIXORME ZMG LIcv AT ~T 4 v 7 L E=
—TIE[43]. BEFO FRRUZ K DA L-L D TG EIE 30-88% Ch o7z L LT 5,
—Ji TRl O ABERE TIEBEFO TR LA A L O FPHEEL 5-40% & #E S
THRY[35]. T 1 IZBW T HAFE I 38-59% & RIRRIIR S . B WISt o mimf| i#E <
VLE DOKEEED 24.5-37.8% & [ARRIZARWEEDN] 5 73272 5 TUV 4 [61], Equation 1 & Equation
2IE S E S EREATOIE L BT 5 & PRIKEEE 2 @ & AT & 200y, s A 10
ST D RBUZ BN THIBEF O L D & RIBITKHEEED M LT\ 25 rTREMED 8 5, overfeeding
& underfeeding 1%, FESEAFE [12]CHUBAEE: mEnbE RS B [13]TIIET Y 227 0 EA- L B
HLTWDZ END, AMFFE TR L7- Equation 1 & Equation 2 [XFFIRAVICE T 22 Bk 4 £F
DEEZBID, —J7TREE & AIAEE LORIENAREZ AL L L TR 21T
5 & BRARIIAREOME X OHEEME S ER OB & & HIHD L, G A8IINT 2 Z L 2R &
TRV ([18], MERZ LS REE ORAER & U T & & IXBERRVER AR S LT
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DAREMED D D, Z DER & 72 HFEEEN o iuE, & HICEKR CIEMIZT 2L — B &
DOHEHNTE D AREMEDNR B D,

AW DOBEEIRRA L BMI 2ME< SMI OKF[62] L7z HARANZ R L LT
H Y, ¥ BMI 1 25-26 kg/m? D 65 kLl O EliiE £ CUER S V7= S THFZE[59] & 13t
REOERPREL R D, FlommE 2z k5 L Lz REE PRIRICET 2 AT ~T 1 v
7 LB 2 —TIIMERGE DR RAIE L D 6 REW[63], MFZERIOXISE DG %
J& L7354 . Equation 1 & Equation 2 O Tl 2 4 VE IR AAHRL DI ©H DUV FOKSERA ©
bLRAT 5 R&TH D,

ABFFEZITN L ODDIRA 8 D, ABFTEIL, mllis ABEEH % %51 hold-out validation
(&Y ICIZ &L DM REE % 6 &1Z REE PRI ZAER L, 24P 2 MGE L 72 9] T DAL
Thbh, 77—y ML 70-102 MOMEKVERERZ I TS, BIgE LT
CC AT 2L CPHREZRmDHZENTE, CC ZHNRNWTRIR LRI D Z &
TABE AL, TT7A~ VT O XD Ietfkx RSB W CHIA AR A =D 5 2 &N TE
oo —H T, WL OPORABELTND, F—IT, AFRITEIOAERE ZIZRE L
BRI TH 0 | RO —BACITITHIRE LTV A T2, SRIIZ MR EITH 2
CAMZERERZ S DITHRGE - JER T2 Z N TE LA & 5, 3 12, ARUFIETITEA
DIREESS REE IR LIETHEL HICBER TE TR, BAE, ERK 2 LI
H 22 OEGEZ XN X —RENITUET 2 2 LR ENTNDID, THRARRNAEET
=R F— MR T2 2 ERME SN TV DH[64], EOMORIE & BT HHEESL
RABOHEIRAEZ2 & & REE & OB#AFET 57D I LR DIMENLETH D, HIT,
JFIESCIE D & 9 72 = x v —RENZ B 57 Dl B EZ OfRHERZR & ARUFE TIRHNE
STV ZRWIBEN 72K 7725 REE EBIE L TW 5 Z & 2 HRTE TR0,

70-102 iR D @l AP EE DT — 2 v &2 AW TH LU REE PRIEAZ B L, 224D
MAEAE T2, ZOTHRIT, CC E2E®HL L TTHREN M EL, CC BE L2V THI
KbBATE Lz, ABOMFEL LT, L0 KRB ZEERIC SN T IS 0 LW TFRIAD
fEHEME & i rTREME Z GE T 2 M H D, S HIT, M98 1| THaRLZ X D ICEEmE Tl
REE THIEOKEENEALT D v RetEn dH 0 . AWFZETHEAN L O FRNEE X5 Tl
RinoTolo®, Eil#E O REE [ZHEZ B LT HRERIZOWTHRF L, S HIZTRIROREE
O LMEND D,
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Table 4

Characteristics of the prediction equations for resting energy expenditure (REE)

Equations

Harris—Benedict[29]

FAO/WHO/UNU[30]

Ganpule[31]

Actual Body weight x 20[41]

Male
Female
Male
Female
Male

Female

66.4730 + 13.7516 x weight (kg) + 5.0033 x height (cm) — 6.7550 x age

655.0955 + 9.5634 x weight (kg) + 1.8496 x height (cm) — 4.6756 x age

(36.8 x weight (kg) + 4719.5 x (height (cm) / 100) — 4481) / 4.186

(38.5 x weight (kg) + 2665.2 x (height (cm) / 100) — 1264) / 4.186

(0.0481 x weight (kg) + 0.0234 x height (cm) — 0.0138 x age — 0.4235) x 1000 / 4.186
(0.0481 x weight (kg) + 0.0234 x height (cm) — 0.0138 x age — 0.9708) x 1000 / 4.186

body weight (kg) x 20
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Table 5

Clinical characteristics of the older hospitalized patients in the Development and Validation datasets

Overall Development Validation
P—value
(n=134) (n=100) (n=34)
Age, years 87.4+6.9 87.7+6.9 86.5+7.2 0.410
Male, n (%) 46 (34.3) 34 (34.0) 12 (35.3) 1.000
Height, cm 146.3+11.0 1458 £ 11.1 147.7+10.9 0.379
Body weight, kg 435+9.8 43.4+10.2 43.8 +8.7 0.817
Body mass index, kg/m? 203+£3.6 203 +£3.7 20.1£3.2 0.713
Calf circumference, cm 27.5+3.8 27.5+4 27.7+3.1 0.807
Skeletal Muscle mass Index, kg/m? 4,76 £ 1.41 4,73 +1.44 4.86 +1.35 0.640
Body Fat Mass, kg 13.9+59 13.9+6.1 13.9+5.2 0.964
REE, kcal/day 973.9 + 188.0 965.6 £ 193.1 998.3+172.4 0.384
MNA-SF, points 8 [6, 10] 8 [6, 10] 916, 11] 0.450
CCI, points 2[1,3] 2[1,3] 2[1,3] 0.127

Data are expressed as numbers of participants (%), means + standard deviation, or medians [interquartile range]. Abbreviations: REE resting
energy exposure, MNA-SF Mini Nutritional Assessment Short Form, CCI Charlson comorbidity index, P-value for student's t-test or Fisher's

exact test or Mann—Whitney U test (Development vs. Validation).
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Table 6

Regression coefficients between resting energy exposure (REE) and the variables selected using the generalized linear model based

on the Development dataset and the newly derived equation

Variables Coefficients 95%CI t P-value R? AIC
Prediction Equation 1

(Intercept) 313.582 (-469.520, 1096.684) 0.785 0.435 0.649 1244.611

Height 3.973 (0.425, 7.521) 2.194 0.031

Body weight 5.332 (1.426, 9.238) 2.675 0.009

Age -5.474 (-9.663, -1.285) -2.562 0.012

Sex (female = 1) -20.012 (-86.985, 46.961) -0.586 0.560

Calf circumference 12.174 (3.434,20.914) 2.730 0.008

Equation 1, kcal/day =

313.582 + Height (cm) x 3.973 + Body weight (kg) x 5.332 - (0 if male; 1 if female) x 20.012 + Calf circumference (cm) x 12.174

Prediction Equation 2
(Intercept) 594.819 (-187.101, 1376.739) 1.491
Height 3.760 (0.097, 7.423) 2.012
Body weight 8.888 (5.832, 11.944) 5.701
Age -6.298 (-10.583, -2.013) -2.881
Sex (female = 1) -16.396 (-85.557, 52.765) -0.465

Equation 2 , kcal/day =

594.819 + Height (cm) x 3.760 + Body weight (kg) x 8.888 - (0 if male; 1 if female) x 16.396

0.139 0.622
0.047

<0.001

0.005

0.643

1250.244

Statistical testing performed using generalized linear model analysis. Abbreviation. AIC Akaike's Information Criterion
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Table 7

Validity of the resting energy expenditure equations in the Validation dataset

REE Prediction Equations Mesured or predicted REE, kcal/day Mean relative bias RMSE Ac'curéte
estimation
Measured REE, kcal/day 998.3 (940.3, 1056.2) ref ref ref
Equation 1, kcal/day 984.5 (941.1, 1028.0) —0.1(4.1,3.9) 124 65
Equation 2, kcal/day 984.3 (937.8, 1030.7) —0.2(-4.4,4.1) 131 65
Harris—benedict, kcal/day 923.8 (880.9, 966.8) -6.2 (-10.3,-2.0) 152 50
FAO/WHO/UNU, kcal/day 1039.4 (990.4, 1088.4) 5.3(1.3,9.3) 126 53
Ganpule, kcal/day 858.4 (789.8, 927.0)** —-13.9 (-18.6,-9.3) 203 35
Body weight X 20, kcal/day 876.5 (818.0, 935.0)** -11.6 (-16.1,-7.1) 188 35

n = 34. Data are expressed as Means (95%CI). *** p < 0.001, ** p < 0.01, * p <0.05. Dunnett tests performed with reference to the measured
REE. The mean relative bias (%) is calculated as follows: ((AREEPredicted)/REEMeasured) x 100. Root mean square error (RMSE). Accurate

estimations (%) within 10% of the measured REE for each prediction equation.
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Mean relative bias (%)

Equation 1 1
Equation 2 A
Harris-Benedict - ®
FAO/WHO/UNU - ®
Ganpule - ®
Body Weightx20 ®

Bias (%)

Percentage accurate predictions (%)

Equation 1
Equation 2
Harris-Benedict
FAO/WHO/UNU
Ganpule

Body Weightx20

20 40 60

Percent of REE estimates within £ 10%

Figure 2

Accuracy of resting energy expenditure (REE) prediction equations in the Validation dataset. (A)
Percent bias of resting energy expenditure (REE) prediction equations compared to the measured REE.
The mean relative bias (%) was calculated as follows: ((AREEPredicted)/REEMeasured) x 100. Error
bars represent the 95% confidence interval; (B) Percentage of REE predictions with a mean relative

bias (%) within 10% of the measured REE for each prediction equation.
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Figure 3

Bland-Altman plot for the difference between the resting energy expenditure (REE) measured using
indirect calorimetry (IC). (REE) and that predicted using (A) the new Equation 1, (B) the new Equation
2, (C) the Harris—Benedict equation, (D) the FAO/WHO/UNU equation, (E) the Ganpule equation,

and (F) the Body weight x 20 equation in the validation dataset of 34 older inpatients.
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FA4E EEABRE LB A RHEI RV —EERE L ATFHEA OBE
(BF5E 3)

4-1 HEY

I miEE AN L TRV (1], Mg TIHEREZEOHENEGWFRRE SN T
WW5[3, 4], EFFORT WFJE[7] Tl ERNERFBERZIT O Z & TREREZHD SEIFEIVR
S, WERT XN F—LEEORE N ZORRE 725 LIZEK TH - 72 TR His
EN TV D[9], HEIEARHE TIL, overfeeding & underfeeding 0> W J7 35 5 72 B AR i & B L
TEO[12], FERIC HUBAE: @b RS B TIEm kL X —HBEU& L 361 U 2 712 U-shape
DOBIEMEDP R EITWD[13]), L7eR o T, mlEFICB W TEBHERBEIIC L 25 E
PR — ML > TRARERIRIFZS D021, M= X —LEEOE AR
RTHD[T,9].

REE %, TEE O KO EHR TH 0 [14], #b)7e = 1L F— LR OH HLT 1L ¥
—HRBOFMI BN TR O EEREE THDH, L LA 5, REE [JINEIZ X 0BT
%o RITDOHIFETIE, =1 F —HEBITFRIBEFEEOBIMC LY ~EFANS L7 - THY
L. 60 mELARE TR T 5 Z E BB SN/ o72[16), —F T MERIZEE S = R0 ¥ — 1%
EORD L, BRIBVAEZ: & OO ZEATZ T T2 ICH TE 2 W ATREMEDR & 0 [17].
R R CIEHIC & 2w 9 REE O TICEG TR F 2602 T 5 2 ERFFEFICEE
TH D,

PhA (3 50 kHz @ BIA Z lWTHIE SN LIEETH V. MO REZ = LI19], &
V) PhA 13, fIFRRSREMERNL TN D Z & 2R LTV 5[20], PhA DK T i, BT RO _EH[22].
R, B OIRT &BE LTl v 23], BRIRBIGICI UV CRIBIRGE & B BRO & 2 1Kk
M EO B B E A RS DA A~ — T — L R DR 5 [21], S HIZ, PhA I
R 7R, EREREE, R BV CIRIBNI R E B R ) B & EBEREE L[24], SEC O T
=N —"ThD I & HLWEZN TRV [25], PhA IZZHRR R R 2 FFomina sV,
TERERZE BLO T2 O OEERFRIEIZ 2 D v[RetE 2y %, WF%E 1 Tid, BifF® REE Tl
O TR L Xl ABTEE TlE 4 TidZe <, 90 LA B 7 b — 7 TIL TG EE DS L VAKX
TT2ZEEMBNIT LIz, W92 TidmEm ABeEE M REE FHIEAER L, £ L~
NTIEA R TR R B o T2 py . A L~V TR Tide < BtiE & 3hlic
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~OBERAPFET D ARBENRBZ b, @il T AU — haxtg & L7eiF%ETld. PhA
X REE O TPHIRTTHDHZ L3R EITIY[26], BKEEZFTeM AN A x5 & LIt
TlX. PhA % REE THIOZEH L U THAALF SR S TRV [27, 28], N2 HED
REE DMK TIZ PhA 23 ET D ATREMEDR & D, LU S| milind 123517 5 REE & PhA @
BT & I S TVRV, REFFE T, Ml ABTRE 2 %482 IC 12X Y REE ZHI7E
L. REE & PhA OBH#Z I L7z,

4-2 Fik
WRT VA v LRE

JA R AE JEBEBENEHRBUC AR U 72 i B % ek G212 W i a5 R F 72 2 S0 L
oo RIBRBEOBRIFLUEL (1) 70 LA B, Q) WEHEBOARL, (3) AFRIZEIT 2T
TOREDOBIMIFEZE L TWH Z & &L, BAMEREIT (1) BFEFEED L <IN LI ERE
B, Q) BIBREFE, Q) B2 EEL TS, @) MRBRCY—r2ndbs, (5) &
TREEIC X 0 ABEHI S 18 A &l Sz PRARREH & Lz, 72, IC, BIA OHlE
WFET TERPoTBE . AP SR & JE LIERE L7 B BT & BRo Lz,

AIELOREE L FMIL 70 22 THR YV [1]. 65-69 kD7 LA VARENE L KW\
L[65]% BB L. AL TIE 70 mkLL L@ 1B A% Y C T & T o 7,

FTRTCOPETHEED LIIRFEELSOEmMICL DA v T+ —L Fartr b &HET
Mo LE 1 HEBLINICE L7,

ARFZEE. TA BREAE RBEET EALEIRR - BRI S MBS L B2 0&GE
2 OBEE S T22-011) . ~ T U XFEEB IO TAZ MR LT L EmBE - BRI
(2B D M BREESRT) (e THEME L7z, ANFIEIE UMIN ERRFBRR GRS 27 2 (UMIN 5%
ID : UMIN000040499) (28 Gk STV D,

HHEFT RV —HERE

REE OHIET IC (=7 mE=% AE-300S (I FERY, KBk)) (X HE L, #l

TERNZ I & ARHEN A2 L HBIEZATV, % 2325 CICE B Lo, AT M (12 FFHE)

M L. 30 0y D2FE. FRll 716 8 REDRIT 15 43 HlIE L7z, 1C HIES L, MIEDIE

Mt 2 R 9 2 T2 I IIINEALIZ 22 0 | BEIR 2088 § NI ER 295 L D IZfiR LTz,
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TRV X — VR B E R O BN & BN 2 MR T D720 JIERFTICEE T B LT
TERIRIEZHMEFE L Tz, MU 72 LT EDHE T — R bRA L, JIE S iz
FIHEFE (VO & “FbRFEFEARE (VCO2) 2D Weir DR[44]% HV T 24 [ REE %
B L7,

Weir D [44]

REE (kcal/day) = ( 3.94x V0, + 1.11 xVCO, ) x 1440

BIERE ., HAEREE. SREBOHEIRREOFE
IC #I7E & R HIZ CCI[45], MNA-SF[46]iC L 0 DR FERA & RAIRBATHI L7, S 51T

1B PEZR BRI 2 R E L 2R B OFEIRIE Z 37 L 7=, Prados-Torres A 512 & o TR S iz i
[66]& B L. 1@MEPHZEMEIZR A, MRS, e, RS, M, SREE. 5 O,
BRI, R, 9 oL AE, EEIRMEDZE, A, AR, FRIREE, B, B
TREE, BRI, B, ANLRIERAE, B HERES EOFBEFE Lz, 20k, 181
REROEIIIE U T3 2D 7 N —125500 7= (0-1 8, 2-3 8, 4 HLL L), ARFERRIE T BIA
IZ&L Y Inbody S10 (A AT o4« Vv 3 HL) ZHWTHIE L7z, BIAIZ X DHETIX
BFAZ—e (12 Fef]) MRl L. PhA, SMI. BRAGGIRE., (KIENGE (BFM) 4 3FAl L7z,
CC IMEME THIZ 90° 12 L5 < DIXE DK S KWED CHIE Lz, T CICHlE ST
WD HAARANDTZDD PhA 71~ A T7fE (B 4.05°, otk 3.55°) [67]& A L., EB&ZK
PhA 7' )L —7 L IE® PhA 7 /L—7 D 2 BRITAY T THEE L 7=,

IRREODMT, BTG

SRR D2 W, BEREE RIS GLIM JEHEZ VW72 [47], T X TOMBEIC MNA-SFIZL D
BRBEOR T V—= T %AT, W 3-6 22 A OKREZEICHOWTER L7z, BMI Bk
OVE S EOFREE & LT BIA THEH L7z SMI Z AW CRl L7z, A FHBEuE F 72 13 b%
INBEDIR FIZABLERT, ABifd A OB & Y k6 T OEREIC X 22 EiEHRICE S =57
fili U7z, RS O BEAEE TN Clix, (KBMIIEH v bA 7 E LT 17.8kg/m? % FAV TR
L[3]. EE OB B IZIE AWGS2019 consensus update[48] THLE &AL CUN 5 SMI D 7
v AT (B <7.0kg/m? | ME 0 <5.7kgm?) % 10%LL L FRI-> 72854 L E&R L,
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WEEHET

RTANY 7 IER A BT EE + BFEERAETR L, /3T A R w7 I 285
(T E [ AEEPEE] TR L, AT 3 —EEIIE S TR LTS, PhA D7 L—T O
7% 34 % 72, Student's t-test, Mann—Whitney U-test, Fisher’s exact test % FEffi L 7=,
Pearson's product-moment correlation % Ji\>C REE & PhA. {&#H 5% > BEEME 2 3841 L . PERI,
D TR U7 AR A B U7z, ARBALREL () 13, 0.00-0.29 DI5H MEGITX 5,
0.30-0.49 Ti& MEV ), 0.50-0.69 1% THFEEE ), 0.70-0.89 TiE MV ), 0.90-1.0 T 3EHE
(TR &Rl L7 [68], 2 EALMIE A KRR LIRRARE DR A A5 2 2 T2 D Ic AT
OMELI69]. REE & HEOAH L L TEA R fRILBIZET VAR LT, —fRILEET v

TIE, Pl S HERTRER L L TETMCE D, ZHEIGEMEAZZE L (ISELBHRE O Tk
t REE & ORMABREDE -T2 SMI Zit A L L TET /MZE DTz, S HITREE |
X9 % PhA LHFEMOZENER bigEt LTz, ©7 VOREREZFMT 5720, FEAMHE, FH
6%, Sr#EIA . variance inflation factor (VIF) & X 2 ZEIHRMEDFHE 21T, T XTOE
T /VCVIF 5 % FIEl> TW e, REE & PhA OBEIZ OV TRl 2 729 B0y
b ZEE—MRICBIEET VAR L7mi2E7 2 v M, REE OHEE LR Lz, T
D43HTIZ R 4.2.3 (R Foundation for Statistical Computing, Vienna, Austria) % i/ L 7=,

AT T D 71 X%, EPV OJRAIS4, S51HE - CRHE L7z, EPV 13— i%1y
10 BT EEZ BN TERY , AR THH L7 —RILBRIEET L D/NT A —Z PR KT
5OThollzd, FAKTH 504DV T NH A ARUETH Tz,

4-3 KR
X ERE B

AT TIE, 70 LA EOABRBE 131 £ &5t 5 & Lz, FHAFEIL 874+ 7.0 TH Y |
34%N BIETdH 72, PhA OFHJE35+1.0° ThH V. REE I3 974.4 £ 185.0 keal/day Td> -
7= (Table 8), PhA 7 /L —7 Z & OfifHT CiL, {& PhA 7L —71XIER PhA 7 /L— 71T~
THE, EREOHEN S < H &K, (KHE, (A5, BMI, CC. SMI, BFM, BRIENI{ATE, REE,
MNA-SF 2ME - 72 (p <0.001), —F T, CCI &R ABPAFIRREIL VLV — T THEZEIT
OO TE (FNER p=0.687, p=0.730),
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REE & PhA, {45%H5k D BEE

REE & PhA, KA DOFHRS Tix PhA IX REE & AREICHEEI L Tz (=0.562, p<0.001),
[FIERIC, fFs. &, (K., BMI, CC., SMI, BFM, BRAGHGIAEIL REE & A EICHBIL T
V7= (Table 9) , PRI & 4E i THH#E L72#% & . PhA X REE & A EIZIEOMB Z R L (=0.433,
p<0.001). ZDMOEH L [FEA£IZ REE & B# L CTu\= (p<0.001),

—RAUHRIEE T /L& IV 72 REE & PhA OBJ# T, HA®EET /L Ch 5 Model 1 T REE
& PhA ICAHEZBHENFED LI (B: 102.067, 95% CI: 76.119 ~ 128.015, p<0.001) , & 5|24
fin, PERI. SMI CH%E L7 Model2 T A E2BENFRD b7 (8:28.072,95% CI: 2.188 ~
53.956, p = 0.035), —JC REE 2% % PhA &L4EMOLZHIEMITAE TlEino7z (p=
0.660) (Table 10, Figure4), BEfF0 PhA O v A 7l % FHV TR L 724X PhA 7 /v—7
TIXIER PhA 7 /v—7" & il LT REE 254 B 12K < [890.0 (855.5 ~ 924.5) keal/day vs 1077.4
(1033.3 ~ 1121.5) kcal/day, p<0.001], #F#i. PERI. SMI THIEE L THLHE 7= (p=0.008)

(Table 11),

4-4 B5

AWFFEIZ LD 70-102 7% D FElis AP 123 T BIA CllIE L7 PhA 78 REE & A& E
DOHBEIR STz, BEAFD PhA 77 > b A 7% VT 7 /v —7 5313 247> REE OFE)fED
FEERE LI Z A, K PhA Zb—T7 TIXIEH PhA ZL—7 X0 ) REE 28 1874
keal/day 72> 72 Z L S L NI o 72, 1RV PhA [TRFBIREEDIL TR0V /L a =7 1=
KONz R~T Z NS SN TOD0[21]. AHFZEILE R ABEEE 2% LT REE & PhA
DRI DV TRF L2910 CTORFZETH 5,

AHFFECIX, PhA IX REE & A EICFHBI L Tz, BEE[27]. 7 72— W BA[70], HE
W F 7o IR ER[28] 4 x5 & LI EATIIZE Tld. REE & PhA OBIEIIFH VB 5 TP
FE T o 72, AWFFETIX REE (2519 % PhA OFEBH L DL o> KR B E A & 7145 0> B i %
AL, EREE T L CH REE EBH LTV =2 L, Sl AR CIL REE (2x19
% PhA D5ZENRE 12> TW L AR & 5,

KRB EBRT — 2ty R ORONTRIIOHRE TIE, =3 F—REHNZT 1 7 R
TR THAF Iy 718 L, B CHTE L T 60 MUAK TR L — N
KTFT2ZEBHLNIR>TND[16], & BIZ, FERTHE L ThmEliE O/ F—
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REHIFFES & L CTHEICERNZ EAVREN17]. [BR54T CTidk REE (2x59 5 BRI
REOME X OHEEEITME & & BT LTW[18], £D7=®, PhA MK L7z B3E CTIk
SMI TFi# L CT% REE 2MET LTH Y, IEsIZFE S REE O TIZ PhA 235 L TV 5 #]
REMEN® 5,

REE (IFRAGHIAE D L 5 22 AR & B L, BIA CHRIE L7-BRIEIAE %2 v % & REE
O explained variance @D 64%% 1 T& | I HITHN, Lofide, JTFIg. Bls7e & OlfgsE &2 x
% & REE O explained variance @ 80%LL L& THITE 5 & OHENH H[18], S HIZ, liEds
o & ilas N ORIAR A X NS IZ AL © REE OIK FIZE 595 AlREtER R STV A [17],
L7=h3> T, MEsICAE D REE O FICIEBRIENHATEIZ I A TR 3B 5- L T\ 5 o]
REPENN D D . PhA 1L N6 DR F 2T L RN H D, —T7 T, AWFJETIL REE (Zx)
% PhA SR B e R EAERIER D e hro 72728, MEIZHE S REE O FIZidisgs =
MBI O 72 EICER LIEFIER S IR ETH D,

Overfeeding & underfeeding DV HIET Y A7 Z @D HT-9D[12, 13], TR /LF—HE
BERHT 5551213 REE 2 EMRICHET 2 2 LB TH D, BMBERT. 77—
JREBF[T0], HEAEE IR EF28]ICHB VT PhA % THRIE S ZIA A 72 REE THIEAS
BARE STV D Z E0vD, PhA MIEREZ: REE THIICENLOFIREMER S D, Lv L, AW
TIX REE & PhA BRIt o> B (RHIEM & brie U CRE7Z > TRV b ClidZe <, & LAK
HRL CC D& 97 LY EHEN P OTEINCHIE TE 2EBDO L NE W HEBEZ R L TR Y | IF
JRWVEBFEIIENT 52 L& HEY L L7z REE THIRUC PhA ZAHZGAT S EMEIZZ L, —F
T PhA |ZBEHAETIHIHIEL72% S REE LA EICEE L THY, PhA DOEIZHESWT T
REE OFHET LTV AAEEET S Z &X° PhA OfEIZHESWT Tl REE Z4ET 5 Z &
Lo T, KV IEMRZRNF—LEEOHEICTEN TE 2 W1 H 5,

AMFFETIL, & D 73.3%75° GLIM FEHEIZ XV RRFE 2R L TER Y, PhA MRV Z &K
SR ITEAE 72 BED B 2 WREMEDS B 2 BV D, PhA ITERRE A F R i RiR)R & B L
TEY., PhA DMEREBEOBEZFET S Z LITIEHATE 5 AHEMS R SN TV 5H([71], BE
f#D REE TR BH TR E N B L35, 72]. RO HEE D Tl REE O
AAZEICBEBS L TV D HAHE SN TWVD Z &M D, RS O O m O Eili AR
FIZBWT PhA & HEINCRIET 2 2 LT, EREOFHECHE b e = R L F — LB R DK
HIZHFET 5 TRt & 5,
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AWFZENNTN S DI DIRADFAET Do H—ITABIIEIE 70-102 5 D 5 lin A 8 & x5
& LB T 0 | FERO—BABITITIRA R D 0 | ABFTERE R A MFET 572D DO KB
ML s B JE S LB T dH 5, 8 I, AR CTILBE OB BREDS H3 BB S Tunen
AR D Do IS, AWFFETIE REE (ZB4 2 HE M R 278 L7223, REE |3 TEE O
FREFRITME ', TEE TIHEBH T R L X — BB FFRIEREL L R T L2 LEN S
%o WP HERERR DEVT LV PhA ORIEMIZRFAAZEDE U TV D WREMED & 5 (73],
I, ABFFETHIE LT W REE ~OE(ER 2 BIER T 2 BRAM 5 Z & A TE 7220,

ABFFETIE, 70-102 i D Elp ABe B H ICHES 21TV PhA |3 REE & B L TV 7z, PhA
DAEIZI U T REE OFHRGIEEZZET L2V . PHIREE ICHIEZMA 0 35 Z L ITEMR
T RAR—RBEROR M E ST 2 TR D B,
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Table 8
Clinical characteristics of the Low PhA and Normal PhA groups
Low PhA Normal PhA
Variables (Szelr;]ll) group group P-value
(n="72) (n=59)

Sex (male,%) 45 (34.4) 22 (30.6) 23 (39.0) 0.358 2
Age (years) 87.4+7.0 89.5+6.7 84.9 + 6.6 <0.001 °
Age >90 years, n (%) 54 (41.2) 40 (55.6) 14 (23.7) <0.001?
Height (cm) 1462+ 109  143.4+10.1 1497+ 11.1  <0.001°
Body weight (kg) 433+9.7 389+72 48.7+9.8  <0.001"
BMI (kg/m?) 20.2 3.6 19+3.3 21.7+3.5 <0.001°
CC (cm) 27.5+38 25.4+3 30.1+3.1  <0.001°
SMI (kg/m?) 475+ 1.42 4.10+1.13 554+134  <0.001°
BFM (kg) 13.8+5.9 11.8+4.7 163+ 6.4 <0.001 °
FFM (kg) 29.5+72 27.1+5.7 324+79  <0.001°
PhA (deg) 3.5+ 1.0 2.8+0.6 44406  <0.001°
REE (kcal/day) 974.4+185.0 890.0+149.0 1077.4+173.0 <0.001°
CCI (points) 2[1,3] 2[1,3] 2[1,3] 0.687°¢
MNA-SF (points) 8 [6, 10] 715, 8] 10 [8, 11] <0.001°
GLIM criteria

Without malnutrition, n (%) 35(26.7) 5(6.9) 30 (50.8) <0.001 *

Moderate malnutrition, (%) 27 (20.6) 11 (15.3) 16 (27.1)

Severe malnutrition, n (%) 69 (52.7) 56 (77.8) 13 (22.0)
Multimorbidity (Number of chronic conditions)

0-1,n (%) 24 (18.3) 14 (19.4) 10 (16.9) 0.730*

2-3,n (%) 71 (54.2) 38 (52.8) 33 (55.9)

>4, n (%) 36 (27.5) 20 (27.8) 16 (27.1)

Data are expressed as the number of participants (%), mean + standard deviation or median [interquartile
range]. Each characteristic was compared between patients in the Low PhA group and those in the Normal

PhA group. * Fisher's exact test; ” t-test; © Mann—Whitney U test. Abbreviations: PhA phase angle, BMI body
mass index, AC arm circumference, TSF triceps skinfold thickness, CC calf circumference, SMI skeletal
muscle mass index, BFM body fat mass, FFM fat-free mass, REE resting energy expenditure, MNA-SF Mini-
Nutritional Assessment Short Form, CCI Charlson Comorbidity Index, GLIM Global Leadership Initiative on

Malnutrition.
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Table 9

Correlation coefficients between REE with age and body composition

Correlation Partial correlation
r r

Age (years) —0.494%*

PhA (deg) 0.562%% 0.433%**
Height (cm) 0.644%** 0.384 %%
Body weight (kg) 0.711%** 0.590%**
BMI (kg/m?) 0.323%* 0.406%**
CC (cm) 0.635%** 0.583 %%
SMI (kg/m?) 0.705%%* 0.597%%x
BFM (kg) (0.389%%* 0.406%**
FFM (kg) 0.639%** 0.446%**

Data are expressed as Pearson correlations. ***p <0.001. Partial correlations were adjusted for
age (year, continuous) and sex. Abbreviations: BMI body mass index, AC arm circumference,
TSF triceps skinfold thickness, CC calf circumference, SMI skeletal muscle mass index, BFM

body fat mass, FFM fat-free mass, REE resting energy expenditure, PhA phase angle.
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Table 10

Association between REE and PhA with the univariable and multivariable generalized linear models

Model 1 Model 2 Model 3
Variables
B (95% CI) B (95% CI) B (95% CI)
(Intercept) 0.000 (-26.319, 26.319) 29.789 (—8.362, 67.940) 31.250 (=7.574, 70.074)
PhA 102.067 (76.119, 128.015)*** 28.072 (2.188, 53.956)* 28.210 (2.236, 54.184)*
Age —6.292 (—9.528, —3.056)*** —6.274 (—9.522, —3.026)***
SMI 62.061 (42.510, 81.612)*** 62.659 (42.865, 82.453)***

Sex (female)

—45.376 (—94.339, 3.587)

—45.186 (—94.313, 3.941)

Interaction
0.622 (—2.146, 3.390)
PhA and Age
AIC 1694.909 1633.016 1634.813
BIC 1703.534 1650.267 1654.939

**%¥p < 0.001; **p < 0.01; *p < 0.05. Abbreviations: REE resting energy expenditure, PhA phase angle, SMI skeletal muscle mass index, AIC

Akaike’s Information Criterion, BIC Bayesian Information Criterion.
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Figure 4

Associations between resting energy expenditure (REE) and phase angle (PhA). REE and PhA
Associations: (A) a plot of a single regression model, (B) a partial residual plot with a multivariable
model, (C) estimates of REE using a multivariable model, and (D) age-specific REE estimates for 70—

89 and >90 years within a multivariable model.
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Table 11

Comparison of REE differences between the PhA groups using univariable and multivariable models

PhA

Crude Multivariable

Low group (n = 72) Normal group (n = 59)

REE (kcal/day) 890.0 (855.5, 924.5) 1077.4 (1033.3, 1121.5) <0.001 0.008

Data are expressed as the mean (95% confidence interval). Multivariable models were adjusted for age (year, continuous), sex, and SMI

(continuous). Abbreviations: REE resting energy expenditure, SMI skeletal muscle mass index
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AMFFETIE, ARRE Y X7 OmWElm AFCEF 2B W b 2 = /L F —NBEE(ITHED
ERUERARE I A FEi T 5 720 OFIE A B H NI T 2 72018 70-102 5% D il APt %
X REE, KA ORE, SHEFHE 2T 72,

% 2 ¥ TIL. Harris-Benedict 72 & OFEFF D REE THIRO TR S YEDORGEZITV, il
ABEEFE TIEBAFD REE FHIFUIWT NS FRMGE N Z L < BEKR TOMEANILEL) Ty ey
REMEDSRIE ST, Z 2 CH 3 B CIEH72 72 REE THIFKOBRIE 21T\, 24 MEORAEZAT
o725 4 FECITIENCAE S REE OfX FX° REE THIZO TS EE O BSER 1 & LC BIA %
FHLTHEIB SN D PhA Z[FE L, B ES ML TCREEICHEL TWS Z L2 6
MMz LTz,

W) 72 8D )L F—EEUIERIRE R OBER 7 TH Y | b REZE B ClIEd =
X —ULEEO R NESE Thd 5, EFFORT AFFE[7] Tid. ABTERE T3 2 BN LAEE
PO A MRS U MBI BT BAF R RERERIR OFERLO IR L. Z OfE BRI I 8 72
TRV —LEEOR MNP EEREE A2 R LW AR Z /2 LTV 5[9],

Harris—Benedict DU 1918 2T A U I NERERA 25 BUTHERR S 72 TH D | 21-70
ik A3 S EEPE T8 5 [29], TARAF —HEEIL, 74 7 AT —VIZBNTE L, FEIZ 60 m%
PBE T D E DL L= R VX —HEENHDT 5 Z LRI TND[16], EDT8E
B 2B W TR D REE PRIKZ M3 2 F20 i@t & 5 gl S T & 7,

ABFZETIEL, M| REE (Z%F L CREfF® REE THIRUZ X 5 7l REE O T2 4 M2 FRRiE
L. Harris-Benedict, FAO/WHO/UNU, Ganpule, Schofield, {K# x 20kcal O\ 410 REE ¥
R T4 72 PIRRE L 130R S 72 o 72, SEATHFZE T Harris—Benedict (2 & % Tl REE |35
HIREE £V &7 2 L2 HE LTV [3551]. ARG BE LIS, FHICEmE
TIEBEAD REE THIUC X 2 R/ FHIZINEETH 5,

ZDT, AW TIIH7-72 REE THINE LCHE, (K&, Filn, MRl CC ZEH L7z
Equation 1 & &R, (K&, F#n, PERIZMH L7z Equation 2 #ERL L, Z4PEOMRFEEZTT -
72& A, BEfFD REE IR & bR TRIBICTREER M E L TS HEEZH LN LT,

CC LR THEA L3 < [56] BRs 4 K < KB 2 flifE 28 T 5[57], CC = H
W RS R O PRI BRIEEAE L REOTHRE LA L TWeZ EnmiEshTn
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%[58]e AWFZETIE CC 2 LT PRI ZAERT 2 Z & T REE O#EEREN M L L &
L, SHITCC DRENEEL < REHMEAE L 2VARILANITIZ CC ZEH L2
Equation 2 HAE L, ZOXAEMH L725HE THEEFD REE TN E e CTP g I
{72HZ bZmRLI,

EHZ, PhA A REE LB L TWAH Z &R L, K PhA 7 /L— 7 TIZIER PhA 7 /L —
7' X0 & ¥ REE 23 187.4 keal/day K\ Z & 28 5202 L7=, PhA OffIZ)E U T REE Ot

BHEZEL LY, THIREE ICHEZMZA7ZV 52 LT, ERTFLF—MEEE
BHTE D AREEE R LT,

PhA [Thk % 2o, ERSIRRE. BRIRADIRDUZ I CTERIBIIIAREE o A% i 2 & BB L
24]. ECO TR~ —H—Th D Z L bW SN TEV[25]. PhA B p /L F—iHf i LK
BREOWE 2R THE S LA TE UL, FRRIICMEBI LR E BRI CHRE T
iEEE & 722 5 ATREMED B D,

BE 72T T MR SE TEEE ORUTA B BEINT 5 Z E N IAEN, EilE ~D

REEHOEBEMIASHETETEEL LEDND, L, WK TIXEmnE 1254 2 5%
BEIZBWTRUMED 53 TROL TR Z T T2 b | & 0 & & 9K X 20keal THX
ELTED T 5 EORBEHRIEMTON TV ABRDGET S, = RAF—HANT R
1% BMI oK E O A B TR S 415 72 [49], ESPEN A KT A Cld, & OSB3
JVF— BTN, KHE X 30keal Z AL L CRMET AR CTHFE L, BiERAKEET=2
YT RMETHD EHRRESN TV D[41], AMILIRE CIIIERERE MR T2 2 L2320k
DNEIZBIT DY A7 2K T T2 2 LRI FREMEA /R SN TR Y [74]. FriZmind

1% 5%LL EDIRERDNRBY A7 U A7 ORI EBRE L TV 5[75], 81053
EFRERIEIE A b L ICHE) R = RV F—LEELIRETDILENRH Y | ABFETIER LT
TRAXOHSWRER IO TEWLEZZ HND,

Z XUFE T Harris—Benedict 72 £ @ REE FHIZIX, T _XCTOHH, FEARAIRDL, VT e
TEDLDHORBEHINTE =, —JF T, REE IZTZNFNDORIANT) U THEAe 5 a[gEMER H
512 i, BRARTTIRDL, BRI 7 REE THISCZ BRSE LR U2 MGEd 5 = & T,

H—n T2 < EEORIL D 727030 HiiEd) 72 REE THIZEIRTE 5 L9 70D, FEE

& B s R TR VT [52]. UM R TRV [76], A8 PASE M i FR AR 171 1F [77]9> REE T-ifll

AP SN TEBY, 4% S HITHA 72 REE THRIEKAER SIS 2 & T, RO 2R

S TOEMPEREINTNWD, AARANOREFERIELE 2020 FR[49ITIB VTS, milmdE
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DIEMCHREICBET 27 —FINENRMETH L Z PRSI TEY , A8 1-3 1L, BARA
DRFEBEEORRICFLET LT -2 ThHLEZLND,

SARITVERR L7z PRIRUC DWW T, Bk x 2t s b DB 5 2 Y HEOREE, BRBS
TOFEFEZ L DERAT U M L~ORBEETLNCT 52 LT ER L TRIKORF
HIRRILZ 6D 2 B3 & 5, F 72 PhA IZ K 2 Tl REE OMIEIEFE ARG L. S b2
TARAF —LEROFHICEBRTE 2 X5 2R ERMOERIC TR 2 LE R H 5,

ABFFE ClI R ABERE O REE (DWW CTHIEE 1T o 72, BAFRERIRERIR 2 R 5729
ZILE Y e = L X — RO RIS TH Y . REE ZZ0OHEE R THETHD, K
IO S, mEE PRI BT D B E B OHEEC N THEEIC K 2 KB EH
DO—ALIZIBNT, ZO—B & 72D RN H 5,
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3

EOE i

AT, il AL OFr 7272 REE FHIZX (Equation 1, Equation2) ZPFE L., £D
TR E I FO PRI L 0 bEho 7o, MAHAIX REE ICBIG- L TE Y. REE O THIKEE
EEO LI FEEMEN D D,

Equation 1 : REE (kcal/day) =  313.582
+ & (em) x3.973
+ {KHE (kg) x5.332
— v (y) x5.474
— (B0, et 1) x20.012
+ THREPAEE (em) x 12.174

Equation 2 : REE (kcal/day) =  594.819
+ & (em) x3.760
+ {KE (kg) x8.888
— i (y) x6.298
— (B0, et 1) x 16396
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