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ABSTRACT

Objectives: Sarcopenia is one of the most representative factors of senescence, and
nutritional status is known to affect sarcopenia. This study was performed to analyze the
relationships between energy and protein intake and sarcopenia.

Methods: The study subjects were 3,236 individuals aged >65 that participated in the
Korea National Health and Nutrition Examination Survey (KNHANES) 2008 ~2011.
General characteristics and anthropometric and 24-hour dietary recall data were analyzed.
Sarcopenia was diagnosed using a formula based on appendicular skeletal muscle mass
(ASM) and body weight. Logistic regression was performed to determine relationships
between sarcopenia risk and energy and protein intakes.

Results: For energy intake, the odds ratio (OR) of sarcopenia in women was significantly
higher those with the lowest intake [OR =1.680, 95% confidence interval (CI)=1.213-
2.326] than those with the highest intake (P for trend = 0.001). Regarding protein intake per
kg of body weight, the odds ratio of sarcopenia was significantly higher for those that
consumed < 0.8 g/kg of protein daily than those that consumed > 1.2 g/kg for men (OR =
2459, 95% CI=1.481-4.085) and women (OR =2.178, 95% CI =1.423-3.334).

Conclusions: This study shows a link between sarcopenia and energy and protein intake
levels and suggests that energy and protein consumption be promoted among older adults to
prevent sarcopenia.
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BAEAH o= 39l JUdAA3 715 (Dietary Reference Intakes for Koreans, KDRIs)< 5 'd vt} 71743}
o] Az} Ao W oUx|B e+ (Estimated Energy Requirement, EER) 7} whil ] A2 2-S A|A8kar §)
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Dual—energy X—ray absorptiometry (Hologic, Canada) & ©]&38}o] =43l A}x] =&
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(appendicular skeletal muscle mass, ASM)=2 A5 0% e ko2 310 [ASM/weight (kg) X 100]2] AXxkAS
o] g3l Ah7)F ghe I AFAG LA 2008 ~ 2011F AR 1Y, aXNEF, HEF, AIAAN, dNE,
A, ZEd, FutEl g IS, A48, 2] 985, okET] I AR, B, AP el (S, 2 ol
W AR 734, #), 71eh, B W CY 1HY, 2PRS FHEARE Al9gt 19 ~ 394 17dst A<l 7] Ak (A 1,950,
o2} 2,322%) ¢ [ASM/weight (kg) X 100]9] AlAtgke] @2t 1 vvks 7|2 0.2 8to] @} 30.30%, o4
23.83%% A gro =2 A3 [15].

‘( Exclude those with age ]

W E, 7

< 65 years (n = 31,383)

Exclude those with no data height, weight (n = 251),
food intake survey (n = 674), chewing problem (n = 58),
perceived stress level (n = 125), EQ-5D (n = 19),
diagnosis disease (n = 4)

'

Exclude those with no data DXA (n = 1,926)
» | Exclude less than 500 kcal intake
or more than 5,000 kcal intake (n = 77)

Fig. 1. Breakdown of the study subjuects
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TAE R, RS BASG B8 SRS WG ol 5ol i AR $HS 1RO sl wh £F TE o1,
WE, B, 2F OIIFE RRAUL FTAS FES ATREL 7IF 4202 TR P, T, Fob, b=
BRG], AEFE BA, WA, AP, ©F, FSEOT BFIANU. 147 BEEAR] I3 2AK £F of
P, EA o, FEE AABEF AAE, A7) BA, A7 710 52 AR £ ol A dang 4 onE g
F o Ul R RHAGL B ol P FA Bl MEA0E ERIANUOM, FEE AABE AQ&S AW,
QA S0 BRIAALE Y] BAE TS BRI, BUIP, A TefFP, BHA %S, W3 BUA 2
So% BRAGT. AFLEEA W L AABE, )T, ARolS F=, JYzAY AA G AP0 )
AR FRE 2] T 7R A3 BEslel AASIoM, APRELA BB F 5, §F 5 1443
B ol 4717194 0% 2Aks eIk

[e)
AA AS ZARE FUAFFERA A ol FHRIAES o] &ate] AAISIIT. AlA A5 AT AIA A1 A1
Seca 225 (Seca, Germany)Z ©]&35t] 43519511, A5 GL—6000—20 (G—tech, Korea) & A3l Al5319
o AR FE ARG T AR 5L o]F oA XA &4 (Dual—energy X—ray absorptiometry, DXA)
2 S w7 A el s AL s kS el o] 8-Skt

2R AF AR 244071 3PP AR E EEsiglon, kATl i oA A E e wAE Bk 218 2020
W KDRIsellA] AIAsE EERY} A5 & @A AHH S 7]e 02 aFolth. olUA] 453 EER tiv] 355l w437
Qg FREIGoH, vA e 2= o gl AFES 0.8 g/kg B9 0.8 g/kg 014 1.0 g/kg 79k, 1.0 g/kg o)A
1.2 g/kg VIR, 1.2 g/kg oVdo = sl 23T ddds A8kl [16].

3) $NEY

D2 ool uhe A oPAe) DY 54, A AZ 9 Pk AHY BAS 9 BHRL AANIRYS
o183 412 NS TEe] BER o] oulx] MHFE 42910 mbE 274% mael AF 3 and 1A%
TNl e BaF WANE BAS] 99 BREE 2A2GIARYS o g5to] LAY B Dok A5
AR A9 BT W BRLAR GehRL, WEY Ast

g2 Yehltl. mx]= 95% A7 (confidence
interval, CI) ¢} 3 AA8He 1 W] 74 AEAE BAs8k] Pfor trendE AXSHITH 2 E 248 [BM SPSS
Statistics 26.0 (IBS Corporation, Armonk, NY, USA)S o]-&3&to] A5l on | §945=2 0.05% 28t
oﬂl;].
A .

Mo
H

1. 223 T2 YyRtel £

ZAMPIARS] 2T ool whE UREE 522 Table 13} 2t A} UdR= F 3,236 2.2 A2t 2,014,
LT 1,22270)00h, AA oidAte] ek AF2 71.841019, At T1.64], AT T 71.9419]
o o fof whel 7HAS 5 (P < 0.001), &5 o5 (P = 0.001), 4 9% (£ < 0.001), T AAgs A
& (P<0.00D) A eIt 2ol & Bt

2. 2ULF B2 IY2 HAT

ZAFW AR ks AT B4 A= Table 294 2k WA tidxle] Hf o= A3 32 1,645.4 keal 232
A om THASTY A9 1,577.6 kealZ 1,689.2 keal?l AAFRLE 294 07 vkl (£< 0.001), EER U
H] oUA] AFHFES B8 Ay} 274570 90.4%%E 96.2%%) AR fo) 7 0 7 WUt (P< 0.001). B3}
= AFFNE ATl 287.7 g0 & 311.0 gl AR {24 0= Wkt (< 0.001). B3k, vzl o] 4
HAFs AT G D AFHFoR B4 Ay kAT 0.8 g/kg® 0.9 g/kg?l AR oA 0 ® v 43
E BATHP<0.001)
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Table 1. General characteristics of the subjects according to sarcopenia

Non-sarcopenia Sarcopenia

Variables Total (= 2014) 1229 P-value"
Age (y) 71.8 £ 0.1 71.6 0.2 71.9 +0.2 0.152
Gender 0.768
Men 43.7 43.5 44.0
Women 56.3 56.5 56.0
Weight (kg) 59.1 0.2 56.5 + 0.3 62.8 +0.3 < 0.001
Height (cm) 167.2 £ 0.2 167.56 +0.2 156.7 +0.3 0.049
BMI (kg/m?) 23.9 0.1 22.8 =0.1 25,53 = 0.1 < 0.001
Education Level (%) 0.002
= College 6.0 5.2 7.2
High school 11.6 10.7 13.2
Middle school 12.1 11.4 13.2
< Elementary school 70.3 72.7 66.4
Household income (%) < 0.001
High 9.6 8.6 11.4
Middle-high 12.7 11.5 14.6
Middle-low 24.2 23.5 25.5
Low 53.5 56.4 48.6
Marital status (%) 0.071
Unclassified 0.5 0.6 0.4
Divorced 1.5 1.0 22
Separated by death 28.9 28.8 28.9
Separated 0.8 0.7 0.9
Living with spouse 68.4 68.8 67.6
Alcohol status (%) 0.001
Yes 5.2 6.3 3.5
No 94.7 93.7 96.5
Smoking status (%) < 0.001
Yes 13.9 16.2 10.1
No 86.1 83.8 89.9
Moderate intensity exercise (%) < 0.001
Yes 13.4 156.5 10.0
No 86.5 52.6 34.0
Chewing problem (%) 0.120
Unclaossified 0.1 0.1 0.1
Very good 14.3 13.1 16.0
Good 20.9 20.2 22.1
Fair 14.2 14.3 14.1
Poor 31.1 31.8 30.0
Very poor 19.3 20.3 17.8
Post-menopausal period (yr) 149 + 3.6 13.3 +4.3 172 =60 0.592

Mean + SE or %. All results are weighted estimates for the Korean population derived from the KNHANES. The complex sample
method in SPSS was used to account for multistage sampling and unequally weightings.
1) By t-test using general linear model
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Table 2. Energy and nutrient intakes according o sarcopenic status
Variables Total No(:—szor;:’ %?j? @ ?r?rc::o]pggg Pvalue”
Energy (kcal) 1.645.4 = 17.5 1,689.2 + 229 1,677.6 = 21.5 < 0.001
% of EER? 939 = 09 962 = 1.1 904 = 1.1 < 0.001
Carbohydrate (g/d) 3019 = 3.3 311.0 £ 42 287.7 = 3.7 < 0.001
Protein (g/d) 53.5 = 0.7 543 = 09 522 = 09 0.105
Protein (g/kg) 09 = 00 09 + 00 08 = 00 < 0.001
Fat (g/d) 220+ 04 21.6 =+ 04 224 = 06 0.282
CHO/PRO/FAT® (% of energy) 75.4/13.0/11.6 75.9/12.9/11.2 74.6/13.1/12.3
Calcium (mg) 4263 = 11.3 421.8 = 10.6 4329 = 234 0.666
Phosphorous (mg) 978.6 = 11.2 9953 = 14.1 9528 = 15.7 0.033
Iron (MQ) 13.6 = 04 139 = 0.5 131 = 05 0.188
Vitamin A (?g RE) 6304 = 21.3 6617 = 293 582.0 = 238 0.024
Carotene (?9) 3.425.1 =£119.8 3,624.9 = 167.8 3,116.5 =130.5 0.011
Retinol (7Q) 480 = 4.2 449 = 44 526 = 79 0.391
Thiamin (Mg) 1.0+ 00 1.0+ 00 09 = 00 0.230
Riboflavin (mg) 08 = 00 08 + 00 08 = 00 0.158
Niacin (mg) 126 = 0.2 127 = 02 124 = 02 0.280
Vitamin C (mg) 84.4 + 1.8 86.4 + 22 81.1 = 27 0.126

Mean = SE. All results are weighted estimates for the Korean population derived from the KNHANES. The complex sample method
in SPSS was used fo account for multistage sampling and unequally weightings.

1) By tfest using general linear model

2) Estimated Energy Requirement

3) Carbohydrate/Protein/Fat

3. EER OiH| O|HA] MFLEC TIE 2 ATt HEy
ZAFNEAES] EER tin] olU#] 3Gl e 2tAa5e] B 34 A= Table 33 2th. 1A dld=ie] 74
-4, A9, A%, 5, dAl T o, SFE S o, SEE AAEE AdE 9 A VIR 5o W 1A
3199S wl, EER tH] olU#] A 5F0] 52 FRU W 9] 24T WA= 1.57941(95% CI = 1.217-2.050,
of wpe} FEste] A St A, A, A1, WS o, dA S o, ¢=

Pfor trend < 0.001) 2 VFERGT 53 AW i

& AF o, TR AATEE AHE W 9 7|3 5] WsE SIS u], FAke] A9 EER dlH] olUA] A5
o] & HTF B 19 FHAT WA= 1.4329) (95% CI = 0.962—-2.133, Pfor trend = 0.064) 2 23+ 2}
o]Z HolA| ¢kgkor} ofxke] wahn]E 1.680M1 (95% CI = 1.213—-2.326, P for trend = 0.001) & 5238t xfo] =
Hol= Zl o= eyttt

ox
ol
38
o

27 Tke] BaEA B4 A3k= Table 494 2ot A chadate] 3¢ A
, A FA oA, AFE AA o, oA AFHE, e AAEE A 9w 7kt 5o A
T2 HASNS ), ez AF o] 1.2 g/kg o1 AAFT TR 0.8 g/kg vIvE AF 8 o] SAS wAME 2.35
H} (95% CI = 1.684—3.302, Pfor trend < 0.001) % Webstth. gk AMdol whel -2-afo] 418k A} A=, A%,
W, @A FA o, d3E AF o, olUA AFE, SR AAEE A4S 9 HA 7R o] WrE B!
S o), gk whd AFHEo] 1.2 g/kg o AAFS 7R 0.8 g/kg MR AF T 1o T3 AE WM 2.4590) (95%
CI = 1.481-4.085, P for trend < 0.001) % YRS, ojzke] wapnlE= 2.17841(95% CI = 1.423-3.334, P
for trend < 0.001) % YERsTE.

g, A%, A, 1

oo
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Table 3. Associations between sarcopenia” and energy intakes

% EERY
Models Q1 Q2 Q3 Q4 P for frend
ORY 95% CI" OR 95% Cl OR 95% Cl
Total
crude 1.676 (1.213 - 2.048) 1.478 (1.114 - 1.908) 1.271 (0.980 - 1.648) 1 < 0.001
model 12 1.552 (1.195-2.015) 1.480 (1.149 - 1.906) 1.255 (0.971 —1.624) 1 0.001
model 2% 1.576 (1.215 - 2.045) 1.478 (1.143 - 1.910) 1.246 (0.963 - 1.612) 1 < 0.001
model 3% 1.579 (1.217 — 2.050) 1.475 (1.141 - 1.906) 1.253 (0.966 — 1.625) 1 < 0.001
Men
crude 1.473 (0.998 —2.175) 1.491 (1.043 - 2.132) 1.434 (0.964 — 2.090) 1 0.051
model 17 1.419 (0.953 -2.113) 1.412 (0.989 —2.015) 1.336 (0.913 - 1.955) 1 0.078
model 2% 1.430 (0.960 —2.130) 1.402 (0.978 —2.010) 1.302 (0.886 - 1.913) 1 0.067
model 3% 1.432 (0.962 —2.133) 1.401 (0.979 — 2.006) 1.293 (0.879 —1.901) 1 0.064
Women
crude 1.596 (1.157 - 2.202) 1.426 (1.011 -2.013) 1.112 (0.790 - 1.565) 1 0.002
model 12 1.609 (1.167 —2.218) 1.415 (1.003 - 1.997) 1.119 (0.793 - 1.580) 1 0.002
model 2% 1.695 (1.228 — 2.339) 1.412 (1.002 - 1.988) 1.136 (0.807 - 1.597) 1 0.002
model 39 1.680 (1.213 —2.326) 1.419 (1.005 - 2.002) 1.1562 (0.816 -1.627) 1 0.001

1) Sarcopenia was diagnosed using percentage appendicular skeletal muscle mass (ASM%) : cut-off points were ASM% < 30.30%
for men and ASM% < 23.83% for women.

2) Adjusted for gender (for analyses of all study subjects), age, height, and education level.

3) Adjusted for smoking and alcohol statuses.

4) Adjusted for moderate-intensity exercise and post-menopausal status.

5) Estimated Energy Requirement

6) Odds Ratio

7) Confidence Interval

Table 4. Association between sarcopenia’ and protein intake per kg of body weight

< 0.8 g/k 0.8 ~ < 1.0 g/k 1.0 ~ < 1.2 gk
Models 9kg = gkg = kg >1.2 P for frend
ORY 95% CI®) OR 95% Cl OR 95% Cl
Total
crude 2.018 (1.573 — 2.589) 1.422 (1.064 - 1.899) 1.402 (1.024 - 1.918) 1 < 0.001
model 12 2,143 (1.661 —2.765) 1.463 (1.094 — 1.958) 1.424 (1.038 - 1.952) 1 < 0.001
model 2% 2.304 (1.642 — 3.235) 1.553 (1.122 - 2.150) 1.466 (1.047 — 2.053) 1 < 0.001
model 3% 2.358 (1.684 - 3.302) 1.563 (1.130-2.161) 1.454 (1.038 — 2.039) 1 < 0.001
Men
crude 2.020 (1.434 — 2.846) 1.508 (1.024 - 2.221) 1.478 (1.000 —2.185) 1 < 0.001
model 17 2.496 (1.513-4.118) 1.667 (1.050 - 2.647) 1.578 (1.011 - 2.462) 1 < 0.001
model 2% 2.459 (1.474 -4.102) 1.712 (1.070-2.739) 1.608 (1.025 - 2.525) 1 0.001
model 3% 2.459 (1.481 - 4.085) 1.716 (1.074 -2.741) 1.579 (1.008 —2.474) 1 < 0.001
Women
crude 1.977 (1,416 -2.816) 1.342 (0.877 - 2.052) 1.316 (0.832 -2.083) 1 < 0.001
model 12 2.016 (1.315-3.092) 1.357 (0.876 -2.103) 1.387 (0.876 —2.196) 1 < 0.001
model 2% 2.087 (1.362 - 3.198) 1.402 (0.902 -2.179) 1.375 (0.870-2.173) 1 0.001
model 3% 2,178 (1.423 - 3.334) 1.413 (0.911 -2.192) 1.410 (0.891 —2.232) 1 < 0.001

1) Sarcopenia was diagnosed using percentage appendicular skeletal muscle mass (ASM%) : cut-off points were ASM% < 30.30%
for men and ASM% < 23.83% for women.

2) Adjusted for gender (for analyses of all study subjects), age, height, and education level.

3) Adjusted for smoking and alcohol statuses.

4) Adjusted for moderate-intensity exercise and post-menopausal status.

5) Odds Ratio

6) Confidence Interval
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92 A& EERS 65 ~ 744 ¥4do] 2,000 keal, o%HO] 1,600 kcalolglem, 754 o] 34 1,900 keal, 9143
1,500 kcalo& A= o] glont[22], ¥ ATrelA= 7 2& B ol mXA] X3t A Hof mRloA X*‘E'WOE
o] AF ko] AL Aoz yehdth w3 2020 FUAGGUZAL AR 715 654 o4k 1919] ouA] AF e
1,527.8 (% 28.4) kcal, EER®| th3t A3 #82 86.1%% ZAE oW, olUA] AdH o] 75% v]vto|dr] g %ﬁ_
HIE A, 2lRZER1C] Aol B Hd o5 vl 282 17.4%= Ru¥QItt[23]. 0|3t A7 Hoks u] ¢
gL} 654 1R1Q119] oy A] AH o] F-=58t Ao ® ERY, 23kAT o HERE ofu e} 1ele] AREA ] 1A HAE
Sleto] RS tPdo® AF=e] ofluA] AFHE 213 A5 A AR B ‘5o] aejEojof & Zlow AzbEnt
A7l EER the] oUA] AHATES 429 % vHre] 2T S w4 49 EER tiv] 7HE =2 A
FAE B TJFET 7P W 5ol AT ax7E fole w2 Ao R vk o o] Aol whef st
o] Bots W ool AWt o5t AatE Bl on] WY Aol = AAPEF U AADE ol g 25212 7H
Aow AT 1Ad0] ok = lol Bard ul Qlo] fARsE Axket & 5 QleH[12, 24, 25]. JRlelE # AT
AdollA o FHE wkek 412 1% o dellA H7 = 713ks ) arefste] EAlEklvhE Hloltt. a1 o4 9] A HA

ﬁ
mlo to
01

O QI A NERA 7 QoNb B3, AR A Fhe DR 7k, HHAOEE 9F W o
A 22T JBE B F Qe 20w AeAU [26], AR O 2LFO FEIE FH} ALk F, B AT
AatelA] 17 ool RAR oA A1H7} 7 7Kk HAe] HHHel Q0% 2aFt o] 98-S gl
BISAEhaL 2 4 SIeF. St 1o 1) 4 oo PRSI UL Bl G A A oGl A
4 AR 57 e TR BaaFel B A 0= vepkov (24], 917 oY ANE B 9F FER
AF 9 SIS B A S B 45 #50] sk TRe SUAEe) ) e Ao
2 hebieh [27). olEld RS TS0l WS 0 YO oM A Asm SHE AAHATL TR A8

1_‘

WEIL, AR AL 2AAFY A19S ¥ 5 U ANt B 5

2 AT 2RaZH AT G BN HHBL B A5 v
N ) $10] 8 AST UElsEom, ST YOl 1 Aol o1% FAA ke, S S
NS 913 T HAT e iR AT AF T 0.8 g v BN HHE P 2aF JBE Bl

X

o

R

o

https://kjcn.or.kr/ 293



B ATolAE 1.2 ~ 2.0 ghe 529 Bl AHE g
gagol AL AF F 252 vl go] aspl B A2 W 4 5
Iobakat 9lon, o)t ARaIIA} She TAME welo 2 ugke w 28] o)shHhe-g olAlahs SulolA] whuld 4

= H
k. BT, FA e QAo WL iz ) W HAE T e

m&rr%ﬁ
. O

TP %

Uﬁ}'m_l—g:
-

3 %

(L‘{TH

.ﬂzﬁla

(oo St

Xllg

0

&

ik

b
oo
o
filo

s

-0,

jus]
=
30,
=
o
oft
2
-l o
N
)

lo e

er

2,
2o N oo X

f 1o o
ol o o
o5
[es|
=
=
s
s
AN
oy
N
&
T
=+ O
F
of\
=
1o
e
T
> OX
M
2
=2
_>.:
o
2
L oX
o
nj
Ho
-
PO
e
R
=
at
[ied
b4t
[
=
a2
i—";
ofy

X
R

8 P B P N v DA
whil 413, o el o uX] A1F Tl et 26 2 AARES] ANFEE selsh FARTH
e g 43S Folalobehis Wy, AEl 3w A48 o) why ol
o e 7Lt e 9 [32] olel tht A%22) A7/ AL o2 Y2
2 SaElo) ouiX), Tl A3l nje 27kag e AN ANTAS 1) ofe e Alst
1 U 3 B 4SS BEse] ATAS WSl T w910 BT S 8 A L w
HEA 24X1ZF S ARE ol g3te] thgAe] Ba AMBE ek 2
22 B A L AF 9 S A7} wme1e] Aol ket 217t o
S 2aagol 9193} wido] 9le- val el vt gk sk,

ot o 0 2
ox M =

rlr K
)
=
(N

ol g b 1o ofl iz
a
oZ .
N
i
)
v}
_‘Q

e ox fo
i
o
o,
I
lo
>,

4l do N 2 & o 2 g0
>

rr ok
2
as)
e
-

T )
o

RN
=
5y

A
0.
tlo
M
1
o
e,
ko -
N
L
;0

lo o mx
N
v}
°
e
re o
=y
rir
Al
=
=
:LJ
1—u
N

w12 30 o 1o 1%

og I i)
o
;2 O}i :

o
b
2

rlu

¥

ko

ol H
o9 B

]
[¢]
rl
N
M)
>.
o|X
2
=
b
=)
o
mlm
O

flfz AAMAF Zhel=Ekel rh S
* 3 55 F8se] 2T ouA], @ A S M
o S FRAL AR (2008 ~ 2011)F ©1-8-31o] 654 o1 =<l 3,236%S thd o ou=] gl T A
ol uhE 2T HRAE BARE Ao tidA AAS] BER diR] AF o] 7R 2 el s 7
= 2Tl wAMZE 1579 = vpERkon], el uhel -Eelgle w oAt Sakage] WA 7E 1,432
et w2 A ow vehdth. ot G o) B AlF S AFHEe] 1.2 g/kg OPel T W el A X%
Al dellA 2aaTe] WA= 2.358M % et on, gl met RS v @bk 2.4594, 91217k 2,178
2 freleiAl e 2w Uesith & ot Ak Fskols W T o] Al EER ] AH o) 2 o4
B 52 ool 24T wapZ) w2 Zlo et on, Al @ vl AF el 1.2 g/kg ol i rr o
a1 AF o] S g LEelM 2Tl wAp7E S Zlo R Ykt $ e e AlF g i AHE 1.2 ¢f
= welel 7P Adst e UrE‘rUr 2T o gl e E Slel 7H°u 5730l wh=t A4
3 G| eto] wirEojof & 1o Yzhent.

References

1. HyunKR, Kang S, Lee S. Population aging and healthcare expenditure in Korea. Health Econ 2016; 25(10): 1239-1251.

2. Visser M, Goodpaster BH, Kritchevsky SB, Newman AB, Nevitt M, Rubin SM et al. Muscle mass, muscle strength, and muscle fat
infiltration as predictors of incident mobility limitations in well-functioning older persons. J Gerontol A Biol Sci Med Sci 2005; 60(3): 324-
333.

3. Kim DH, Cho JK, Kang H. The association between socioeconomic status, handgrip strength, and osteoporotic status in elderly women.
Exerc Sci2018;27(2): 134-139.

4. Cao L, Morley JE. Sarcopenia is recognized as an independent condition by an international classification of disease, tenth revision, clinical
modification (ICD-10-CM) code. J Am Med Dir Assoc 2016;17(8): 675-677.

https://kjcn.or.kr/ 294



Ltoa| - orte - B3 - H2s| -

10.
11.
12.
13.

14.

16.

17.
18.
19.
20.
21.
22.

23.

24.

25.
26.
27.
28.

29.

30.
31.

32.

https://kjcn.or.kr/

. Taaffe DR. Sarcopenia: Exercise as a treatment strategy. Aust Fam Physician 2006; 35(3): 130-134.
. Baumgartner RN, Koehler KM, Gallagher D, Romero L, Heymsfield SB, Ross RR et al. Epidemiology of sarcopenia among the elderly in

New Mexico. Am J Epidemiol 1998; 147(8): 755-763.

. Kim TN, Yang SJ, Yoo HJ, Lim KI, Kang HJ, Song W et al. Prevalence of sarcopenia and sarcopenic obesity in Korean adults: The

Korean sarcopenic obesity study. Int J Obes 2009; 33(8): 885-892.

. Kim H, Hirano H, Edahiro A, Ohara Y, Watanabe Y, Kojima N et al. Sarcopenia: Prevalence and associated factors based on different

suggested definitions in community-dwelling older adults. Geriatr Gerontol Int 2016; 16: 110-122.

. Beaudart C, McCloskey E, Bruyere O, Cesari M, Rolland Y, Rizzoli R et al. Sarcopenia in daily practice: Assessment and management.

BMC geriatrics 2016; 16(1): 1-10.

Han G, Yang E. Evaluation of dietary habit and nutritional intake of Korean elderly: Data from Korea National Health and Nutrition
Examination Survey 2013-2015. J East Asian Soc Diet Life 2018; 28(4): 258-271.

Beaudart C, Locquet M, Touvier M, Reginster JY, Bruyére O. Association between dietary nutrient intake and sarcopenia in the
SarcoPhAge study. Aging Clin Exp Res 2019; 31(6): 815-824.

Morley JE, Argiles JM, Evans WJ, Bhasin S, Cella D, Deutz NE et al. Nutritional recommendations for the management of sarcopenia. J
Am Med Dir Assoc 2010; 11(6): 391-396.

Hallin R, Koivisto-Hursti UK, Lindberg E, Janson C. Nutritional status, dietary energy intake and the risk of exacerbations in patients with
chronic obstructive pulmonary disease (COPD). Respir Med 2006; 100(3): 561-567.

Wykes LJ, Fiorotto M, Burrin DG, Del Rosario M, Frazer ME, Pond WG et al. Chronic low protein intake reduces tissue protein synthesis
in a pig model of protein malnutrition. J Nutr 1996; 126(5): 1481-1488.

. Lim HS, Park YH, Suh K, Yoo MH, Park HK, Kim HJ et al. Association between sarcopenia, sarcopenic obesity, and chronic disease in

Korean elderly. J Bone Metab 2018; 25(3): 187.

Mendonga N, Hengeveld LM, Presse N, Canhdo H, Simonsick EM, Kritchevsky SB et al. Protein intake, physical activity and grip strength
in European and North American community-dwelling older adults: A pooled analysis of individual participant data from four longitudinal
ageing cohorts. Br J Nutr 2022; 1-26.

Chung JY, Kang HT, Lee DC, Lee HR, Lee YJ. Body composition and its association with cardiometabolic risk factors in the elderly: A
focus on sarcopenic obesity. Arch Gerontol Geriatr 2013; 56(1): 270-278.

Kim KM, Lim S, Choi SH, Kim JH, Shin CS, Park KS et al. Cardiometabolic implication of sarcopenia: The Korea National Health and
Nutrition Examination Study (KNHANES) 2008-2010. IJC Metab Endocr2014; 4: 63-69.

Jang W, Ryu HK. Association of low hand grip strength with protein intake in Korean female elderly: Based on the Seventh Korea
National Health and Nutrition Examination Survey (KNHANES VII), 2016-2018. Korean J Community Nutr 2020; 25(3): 226-235.

Venkatraman JT, Pendergast DR. Effect of dietary intake on immune function in athletes. Sports Med 2002; 32(5): 323-337.

Marcos A, Nova E, Montero A. Changes in the immune system are conditioned by nutrition. Eur J Clin Nutr 2003; 57(1): S66-S69.

Korean Nutrition Society. 2020 Dietary Reference Intakes for Koreans: Energy and Macronutrients. Korean Ministry of Health and Welfare
& Korean Nutrition Society; 2020 Dec. Report No. 11-1352000-002852-01.

Korea Disease Control and Prevention Agency. 2020 National Health Statistics [internet]. Korea National Health & Nutrition Examination
Survey; 2022 [cited 2022 Jul 29]. Available from: https://knhanes.kdca.go.kr/knhanes/main.do.

Vijayakumar A, Kim Y, Kim H, Kwon O. Western dietary pattern is associated with higher risk of lower lean muscle mass in Korean
postmenopausal women: Data from the Korea National Health and Nutrition Examination Survey 2008-2011. Nutr Res Pract 2021; 15(4):
528-540.

Waters DL, Baumgartner RN, Garry PJ, Vellas B. Advantages of dietary, exercise-related, and therapeutic interventions to prevent and treat
sarcopenia in adult patients: An update. Clin Interv Aging 2010; 5: 259-270.

Barbat-Artigas S, Aubertin-Leheudre M. Menopause and sarcopenia: Dietary and nutritional aspects. Nutrition and diet in menopause.
Totowa, NJ: Humana Press; 2013. p. 181-197.

Park S, Na W, Sohn C. Relationship between osteosarcopenic obesity and dietary inflammatory index in postmenopausal Korean women:
2009 to 2011 Korea National Health and Nutrition Examination Surveys. J Clin Biochem Nutr2018; 63(3): 211-216.

Campbell WW, Trappe TA, Wolfe RR, Evans WJ. The recommended dietary allowance for protein may not be adequate for older people to
maintain skeletal muscle. J Gerontol A Biol Sci Med Sci2001; 56(6): M373-M380.

Houston DK, Nicklas BJ, Ding J, Harris TB, Tylavsky FA, Newman AB et al. Dietary protein intake is associated with lean mass change
in older, community-dwelling adults: The Health, Aging, and Body Composition (Health ABC) Study. Am J Clin Nutr 2008; 87(1): 150-
155.

Bauer J, Biolo G, Cederholm T, Cesari M, Cruz-Jentoft AJ, Morley JE et al. Evidence-based recommendations for optimal dietary protein
intake in older people: A position paper from the PROT-AGE Study Group. J Am Med Dir Assoc 2013; 14(8): 542-559.

Park Y, Choi JE, and Hwang HS. Protein supplementation improves muscle mass and physical performance in undernourished prefrail and
frail elderly subjects: A randomized, double-blind, placebo-controlled trial. Am J Clin Nutr 2018; 108(5): 1026-1033.

Statistics Korea. Elderly Survey 2020 [internet]. Ministry of Health & Welfare. 2008 [updated 2022 Aug 19; cited 2008 May 22]. Available
from: https://www.narastat.kr/metasvc/index.do.

295



