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Association of Low Hand Grip Strength with Protein Intake in Korean Female Elderly:
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Objectives: Decreasing muscle strength in old age has become a significant health problem
because it increases the risk of falls or fractures and transfers to other diseases. The precise
University, 2, Busandachak-ro role of dietary protein intake in preventing or reducing muscle weakness is unclear. This
63beon-gil, Geumjeong-gu, study examined the relationship between handgrip strength and protein intake in Korean

Busan 46241, Korea female elderly.

Methods: This was a cross-sectional study that used data from the Seventh Korean National
Health and Nutrition Examination Surveys (KNHANES) on female subjects aged 65 years
and older. Low handgrip strength (LHGS) was defined as a handgrip strength below than 18 kg.
Dietary intake data were obtained using the 1-day 24-hour recall method. Multiple regression

Tel: (051) 510-7397
Fax: (051) 583-3648
E-mail: hokryu@pusan.ac.kr

Received: April 28, 2020 was performed to test whether there is an independent relationship between the grip strength
Revised: June 18, 2020 and protein intake, and the association between protein intake and LHGS was confirmed
Accepted: June 19, 2020 through multiple logistic regression.

Results: The mean age of the 2,083 elderly females was 73.3 + 0.1 years, and the prevalence
of LHGS was 35% (n=734). Elderly women with an LHGS consumed less energy, total
protein, and animal-based protein than those in the normal group. A multiple regression
analysis after adjusting for covariate revealed a significant positive association between the
handgrip strength and energy, protein, and animal-based protein intake. Multiple logistic
regression analysis showed that the odds ratio (OR) of LHGS in female elderly with the
highest quartiles of consumption of energy [OR, 0.65; 95% confidence interval (CI), 0.43-
0.82; P for trend=0.004], and animal-based protein [OR, 0.59; CI, 0.40-0.87; P for trend=
0.037] were significantly lower than those in the lowest quartiles.

Conclusions: The energy intake and animal-based protein intake were negatively associated
with the LHGS. These results suggest that adequate energy intake and protein intake,
particularly those from animal-based sources, for elderly women in Korea are beneficial in
lowering the risk of LHGS.

Korean J Community Nutr 25(3): 226~235, 2020

KEY WORDS handgrip strength, sarcopenia, protein intake, animal-based protein

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

-226—



uhE Bl AR Wk AR gEke] F7he)
=¥ wRlel A o] A} St

A A
7] 2y mdr) o] e W el okskR Q1s) A1A7]
59] 7k YER s 274 % (sarcopenia) 2 [8] &0l
Ao oJsta] T8-S 7] Al&tste] 20161 H A1 AR F
(ICD—10—CM)ell 2Jel] 730t GI="d —M62.84) [9].
AT AAMAA = A7) 4~12%°l14 HAYsk= A
OF ByEI 9o [10], TAATORE Qs Ry U <l
AL 7150 Ashs W [11], 7178l [12], &2 4 A
SF[13], AP [14]9] 913S 2ol A [15] 9 o
Ab el [16]2] 18-& S7HA171E B o= delA Qi) o]
o] ZHATE ol AeEjalior & T Ao tiTy
3 Q0] e B]Esh AFRe] 19 v Bl AL QLo
[17-19] A= SLE P4 A7) 24t glom
[20] $HAR1E WS ofAlo} 1Rl T o & st A=
=3k Aotk [21].

Q18] FHATE] WA g HEA 07 AATHH
g o] B A Mg 58] Faagol Bolshs 52
(Insulin like growth factor 1, H|IA2EAHE 5)9
v 322 A S7F v 954l 571 5 Tk
717o] ZHgstth[11, 12]. 284S A o] o
T 8o 2= [17], YFAF (18] 50] 3l

H
1 2 o] [19, 22], ¥zl [23—-29] W &A13}

v}

il

ook
R i
AN = orfm g

)
o M
ﬂt‘

=
=
i

S
>4
N
::1‘
<]
o
o
3o

10 fo

2
> o rlr

A HFH el 7
a1 e g e A
2hA] =217] Al 9]
o] o]}

Houston 52

Lo
(o3

K3
)
kr
2

ol
lu
B
=
ofr
FF
S
Q
o
E
)
T
—
o)
k)

N
fo
of
11l{e3
o
N
_O'L
)
do
ol
>
rlr

NI
g
ol
o

X
A
(i

dest gch23-25].
2% Buae) e 52
S RFS FAAL F7A717] S E 1 ke
P 1~1.2 go] WS vjel A sk frka Atk
[26]. 37l A1FSR: wule] ekt che] HHshs W
0] 3t ob] At Aito] S7thFe] G A 4
oleh. HAH 0= Aol T B 5 gz Brolv]ete]
F5] GREIOIE BEY Wulde] 484 wudnrt
Zhaell Tig s} 9 202 BbATH26, 27).
Sahni 5 (28] P19 oY 9RATE B3] F Bt

=
o
o
e
=

il

1o

o

H

ey
1=

A 5354 227

ofrt
Al
o,
=2

of =

¥o o
3 B oy

e}
:?L_',
)
r
(o3

¢
[e

14
]
2L
2

- H_Hn
roox
I r_‘TL
o &
o X
1>

o

o - C'_>l:
¢

=

o Mz mX
X
o
iih)
|
o m du

KT
offl
e

1=
(RO
0,

1o

>

&

+,

o,

o

12
s
(i

flo 1o

e o
o
o o o

A
[N
—_— -
¥ ¢
ol
oft
_\;‘i

iy
o

F i 2 o &
%

o
=

ﬁ
N
L

o
4l

-
2
2
rlr
"
1o

0 mﬁ

N
o g Lo

il

i
Kol

ol
()
3oy o
oo %

a0

off o>
S
1
(e

o,

4
N
N

o b

AN
2o
4]
=
~
3
4N 32 1o N o> o ox

o0 4
-
i)
e}
1o
(o
=
i)
x

ofN A
y
HN
i)

e/ R A AU AU
L)
s
Z

X
A
ol
i
e
£ o
i
Al
e *
[}
)
9,
=
=
=
Iy
o3
[

EY
1o
e
1 oX
9
)
[

L ol
=2
>
o
_{
2
™
ry
ol
b
olN
-

ol A= T _lcﬂ)i flo 4o -4
A
Flo
>
o
2

1. 270

B oo A 77) ZulALERA} AR S o] &5k}
ZALS SR 24,2699 F 7FEEAWSTE Fod 23,162
3 7hed] ¥k 654 o] e] oA 12l 2,730 thdo R
SloATh. o] T & A9 Fo Wl ofH A A EA|
oko. 931y} oA} rekE 2351 ko] oJok A3
A1 500 keal H]%F 22 5,000 keal o) 41314 61
& AlSJSth - 9= 1119

i

2
_{
H
1o
iih)
i

5] (IRB) 9] 41:& 1o} 585131 Yo A 77] Fuizd
PPN A 13, 24 el A el R ATH
o) =z

1
EEEEEEEEE



olom 32k Aol F1E Sato] 78 HATHIRB %
QW% 2018—01-03-P-A).

2.28 2% ¥ 2YLF B

SR GG FA M= o] BEE velsl] 9l8) of
2S Z7gsttt. txdel= Al (TAKE] Japan) & ©]8-51
oF7ALE Aldtolom oS WzobA 331¥ F 635
St & AelMs FE AR £ Hulgke #
% oFg gho v ARgelitt

28] A3tE Frbshs 71+ 22+ Asian Working
Group for Sarcopenia (AWGS) o] A A3 2019 oFA]
ol HAa% 71 [38] A-g3lo] oF8 18 kg wIRkl

= £H9o] AH3ste 1F (Low hand grip strength,
LHGS) S 2 A3t}

3. 9¥2 ¥ HUE 4 I
B ATAN ) Jokh HHFE 24AF SPUS 1§
B AR A DR, RS, A,

A ollvA] HHF 5 L")Fi}g, ‘Er‘ﬂ?é] kel ol g 4] 7]
oAu] & AREsto] ollUA] A7gdn]& (Acceptable macro—
nutrient distribution range, AMDR) 2} B]w3}3{c}. Egk
NEZNH ) zF AZETH A FH RS A5k

ﬂu;g /Hﬁak__ o]_E Eo]_ uﬁa' ﬂ—@é}&] 5/}35}]% ml

i Al

el uA o =
el weh BB Azt 454 Bue] el 4
& wAlsteieh. Wl A0 4948 20159 Hojey
=

sk3] [39] A AAIgE sh=Ql FofAa 371l whet H7t
siglon Hd 9=k (estimated average requirement,
EAR) 0.73 g/kg/day® B4 F 3 (recommended
nutrient intake, RNI) 0.91 g/kg/dayS 7|50 & 7153
olal AFAF] vlE& eIt

4. 2UNTY

WPAREZA T ol A, 7HAs, 0852, 39, &

2, egolRel 7, W Astel o ARE AL
e 7}%&5%%34# wiroll met stel sdshs A

25 257 Fe ol F IR0 R TR wSSE
S xTsly 9 o)ab, Fdty £ oAb o BFE)
ok F9l o= @A) Fl ool whehA ulE owﬂ F
jon] SZojre | J7)h Sy Bate) u)
1Az €13 o] 555 AR STAPE
SEol -

= RARRAAIEE AH S o) 8

;0

nlo r

5lo] RE N5 TESRlTE EE AN AR E &

o) Y AT TG

ZAFA| 771(2016-2018K) AFRE- o] g5}

gsto] didzke] 2%, Alss ol&-ste] A FAIT (Body
mass index, BMD & AFE3alglom] d7of ol we} #7
A5 Fskel), T A sk AadT AR} Tl A3 o)
o] P FE AoZ IR P, o, AHERA

f 9 e el BRI

oy
M

5. 51 24
£ A= 2016-2018d0] F-33% = 3%
Z/\]_ )| )\] z].e =2 E_?ﬂ— ].oq =) Zj7ologook_7r_/n]_ 2 /\] z]_e_ﬂr/\%

A
A3l AASE B3 TSRS ARSIl o, B R A
Ale] ZaFE aste] ARtk 28] At whE o 7F

o] 71EEAS FAE] S8 vol, AA% T A58 W
of thall M Hra} BFAE AASHL t—H8S A

U}, g0l 5 S W) the s W el Mg

< AAlstaL ZhelAly 382 ok 2w 45 A

olofl HZ 1 Heardo] QEA HAHE Y8l A

3)FREAS AAIBIITE A A3 el whE 28] A

o] IS AT S8l AFAES ARESITE U] 2

3 3]7] B8 ATt whiEk B0l g S Ko

A Aol Aol FHE Yo, m - A 5F,

BMI, WA d3 %, 5o, 555+, THdsks wat
T2 BAGSlrh U FH L AEEE 8 21

W gkato] FA o] ARSIt SAIA
3 fol e P-value < 0.05%) A¢-=2 AAsl9on &
AZZ 73 SAS 9.4 (SAS institute INC., Cary, NC,
USA) & A3kt EtuEazs aest 240«

survey procedureZ ©]-£3}3c}.

(o3
1o
o,
o
us)
o2l

ol
o
)
0

iz

1t

1. A7 oA 2N £

654 o1 o1/d 1919 Tefefl whE UWkA]l 5/d2 Table
12 AT}, 280] 715 o3l g TIm-2 1,349, 0]
Ak Ak 7347 (35.0%) ©19Th. At FFoiate] 4t
ol 73.3 1014191, B Bk o AsE 1
o] A¥o] #th(71.8+0.24 VS. 75.8+0.24], P<
0.001). =&el] whE Al @A 7 w3F Apel7) glolet
(24.7£0.1 kg/m? VS. 24.4%0.2 kg/m?, P=0.147).
oAl i}ov} ATt

sl 7Has

XJAL _7_.#,] &?ako |

RS AR, wSTEels

2o Astel 1go] FILEol
s}, g3otie] 4
e vldl fol 02 oo Fanae &
91 Ao]7k gtk £ o) B9 A4 17

TJ’-IT—FTO]
2 Ast
oo
2
-

Z s}

ol 2



A9 5354 229

Table1. General characteristics of the subjects

All Normal LHGS" Pvalue
(n=2,083) (n=1,349) (n=734)

Age (years) 73.3 = 0.1 71.8 +0.2 758 +0.2 < 0.001
BMI (kg/m?) 24.6 + 0.1 24,7 = 0.1 24.4 + 0.2 0.141
Hand grip strength (kg) 19.4 £ 0.2 223 = 0.1 14.4 = 0.1 < 0.001
Low household income 1,086 (52.6) 644 (48.1) 442 (60.3) < 0.001
Education, <Elementary school 1,491 (71.3) 883 (63.8) 608 (84.1) < 0.001
Current smokers 41 ( 2.0) 27 ( 2.0) 14 ( 2.0) 0.976
Alcohol Infake, =1 drink/month 373(17.9) 262 (20.0) 111 (14.9) 0.008
Physical activity 560 (26.6) 415 (29.8) 145 (21.2) 0.001
Chronic disease 1,123 (63.1) 717 (562.7) 406 (53.9) 0.633
Menopausal status 2,046 (98.4) 1,331 (98.6) 715 (97.9) 0.285

Mean + SE or n (%)
1) Low handgrip strength (< 18 kg)

Tl Hlal Ak AA| TS A shs AR BlEo] 2 654 o o 1eR19) Bk ofvA] e FRR1 1,600
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Table 2. Dietary nufrient and food infakes of the subjects

Al Normall LHGS" P-value?
(n=2,083) (n=1,349) (n=734)

Total energy intake (kcal/d) 1,4452 + 1565 15122 £19.4 1,332.0 + 22.2 0.002
Carbohydrate (%E) 738+ 0.3 728 + 0.4 7566 = 04 0.041
Protein (%E) 131+ 0.1 134+ 0.1 125+ 0.2 0.026
Fat (%E) 141 = 0.2 150+ 0.3 126 + 0.3 0.046

Total protein (g/d) 47.4 = 0.7 50.7 = 0.8 419+ 10 0.016
Animal protein (g/d) 169+ 04 188+ 0.6 13.6 = 0.7 0.021
Plant protein (g/d) 306+ 04 320+ 05 283+ 0.5 0.722
Rates of animal based (%) 30.7 = 05 328 = 0.6 27.1 = 0.9 0.031
<EAR? 934 (45.3) 558 (41.3) 376 (52.2) < 0.001
<RNM 1,325 (64.3) 816 (60.7) 509 (70.4) 0.001

Total food intake (g/d) 1,126.1 £ 17.6 1.212.9 = 20.3 968.4 + 24.8 0.005

Plant food 927.2 + 14.7 1,003.1 £ 17.4 798.9 = 20.1 0.009
Ceredl/potatoes/sugar 295.1 = 4.1 3033+ 55 2812+ 58 0.089
Legumes/nuts and seeds 46.7 = 2.2 513+ 29 390+ 30 0.105
Fruits and vegetables 464.5 +11.3 509.9 + 13.5 386.2 = 15.1 0.079

Animal food 198.8 + 5.5 2161 = 6.9 169.6 + 8.1 0.072
Meats and meat products 446 + 2.0 485+ 2.6 381+ 3.3 0.375
Eggs and egg products 16.1 = 0.8 189+ 1.0 114+ 10 0.047
Fishes and shellfish 768 = 3.9 824+ 49 673+ 6.3 0.041
Milk and diary products 613+ 30 663+ 3.9 528 + 4.1 0.251

Mean + SE or n (%)

1) Low handgrip strength (< 18 kg).

2) Adjusted for age, BMI, family income, education level, alcohol consumption, physical activity, chronic disease, and energy
infake

3) Estimated average requirement

4) Recommended nutrient intake
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Table 3. Multiple regression analysis of dietary intfakes and handgrip strength of the subjects

) Adjusted
Unadjusted
Model 1" Model 22
B (SE) Pvalue B (SE) P-value B (SE) P-value

Energy infake (kcal/d) 2.278(0.318) < 0.001 1.002 (0.286) 0.001 - -

Energy distribution

Carbohydrate (%E) -0.249 (0.011) <0.001 -0.019(0.011) 0.084 -0.015(0.011) 0.176

Protein (%E) 0.169 (0.031) < 0.001 0.072 (0.029) 0.013 0.072(0.029) 0.012

Fat (%E) 0.070(0.015) < 0.001 0.026 (0.014) 0.070 0.019(0.014) 0.182
Protfein (g/d) 2.250 (0.249) < 0.001 1.037 (0.236) < 0.001 1.118(0.414)  0.007

Animal protein (g/d) 0.639 (0.085) < 0.001 0.281 (0.078) 0.003 0.215(0.083) 0.010

Plant protein (g/d) 1.672(0.281) < 0.001 0.829 (0.246) 0.008 0.407 (0.403) 0.313
Total food (g/d) 2.300 (0.242) < 0.001 0.948 (0.232) < 0.001 0.787(0.349)  0.024
Plant food (g/d) 2.248 (0.236) < 0.001 0.946 (0.220) < 0.001 0.814(0.315) 0.010

Ceredl/potatoes/sugar and their products (g/d)  0.746 (0.246) 0.003 0.347 (0.216) 0.109 -0.344 (0.320) 0.282

Legumes/nuts and seeds (g/d) 0.093 (0.056) 0.099  0.052(0.051) 0.303 0.029(0.052) 0.585

Fruits and vegetables (g/d) 1.212(0.147) < 0.001 0.541 (0.141) < 0.001 0.429(0.163)  0.009
Animal food (g/d) 0.452 (0.075) < 0.001 0.183 (0.071) 0.010 0.134(0.073)  0.069

Meats and meat products (g/d) 0.258 (0.124) 0.037 0.082 (0.106) 0.437 0.076 (0.115)  0.507

Eggs and egg products (g/d) 0.353 (0.144) 0.015  0.222(0.123) 0.072 0.191 (0.125) 0.127

Fishes and shellfish (g/d) 0.282 (0.071) < 0.001 0.140 (0.065) 0.032 0.114(0.065) 0.081

Milk and diary products (g/d) -0.171 (0.123) 0.166 -0.124(0.113) 0276 -0.147(0.116) 0.204

1) Adjusted for age, BMI, family income, education level, alcohol consumption, physical activity and chronic disease.

2) Adjusted for the variables in model 1, and energy intake
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Table 4. Risks for low handgrip strength according to quartiles of energy and protein intake

Quartiles of energy and protein intake

Handgrip strength P for trend"
Q1 (n=520) Q2 (n=521) Q3 (n=521) Q4 (n=521)
Total energy, kcal/day
Range 503.6~1,061.3 1,061.8~1,362.8 1,363.8~1,729.6 1,729.6~4755.7
Hand grip strength (kg) 18.3 +0.3 19.5+0.3 200+ 0.2 20.5+0.3 0.003
Risk for LHGS? Model 19 1 (ref) 0.69 (0.50 - 0.95) 0.64 (0.47 -0.87) 0.60 (0.43 -0.82) 0.004
Total protein, g/day
Range 8.8~31.6 31.6~43.6 43.6~59.1 59.2~186.5
Hand grip strength 18.2 +0.2 192 +0.3 20.1 =0.2 20.7 £0.2 0.122
Risk for LHGS Model 19 1 (ref) 0.95 (0.69 - 1.30) 0.64 (0.47 - 0.85) 0.59 (0.42-0.82) 0.002
Model 2% 1 (ref) 0.99 (0.68 - 1.42) 0.68 (0.44 —1.03) 0.65(0.38 - 1.10) 0.165
Animal protein, g/day
Range 0.0~4.7 4.8~12.5 12.6~23.3 23.3~132.3
Handgrip strength 18.4 0.2 19.3+0.3 19.6 = 0.3 20.8 £ 0.2 0.038
Risk for LHGS Model 19 1 (ref) 0.80(0.59 - 1.10) 0.69 (0.51 - 0.94) 0.563 (0.37 - 0.76) 0.003
Model 2% 1 (ref) 0.82(0.60-1.13) 0.74(0.54-1.02) 0.59 (0.40-0.87) 0.037
Plant protein, g/day
Range 0.8~21.4 21.56~28.3 28.3~38.0 38.0~117.2
Handgrip strength 18.4 0.3 19.4 = 0.2 200+ 0.2 20.5+0.3 0.355
Risk for LHGS Model 1% 1 (ref) 0.87 (0.63-1.21) 0.78 (0.58 — 1.06) 0.66 (0.47 - 0.93) 0.015
Model 2% 1 (ref) 0.99 (0.69 -1.41) 0.96 (0.64 —1.44) 0.93 (0.55-1.57) 0.761

Mean + SE or Odds Ratfio [95% confidence inferval]

1) Calculated by SURVEYREG procedure

2) Low handgrip strength (< 18 kg)

3) Adjusted for age, BMI, family income, education level, alcohol consumption, physical activity and chronic disease
4) Adjusted for the variables in model 1, and energy intake
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