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Abstract²MXVFOH VWUHQJWK KDV LPSRUWDQW LPSOLFDWLRQV IRU 
KHDOWK DQG FDQ EH XVHG WR SUHGLFW WKH SURJUHVVLRQ RI GLVHDVH 
OLQNHG WR PXVFXODU IXQFWLRQ. HDQGJULS VWUHQJWK (HGS) LV D 
PHDVXUHPHQW PHWKRG WKDW FDQ EH XVHG WR DVVHVV PXVFOH 
VWUHQJWK. TKH DVVRFLDWLRQ EHWZHHQ GHPRJUDSKLF IDFWRUV, 
DQWKURSRPHWU\, OLIHVW\OH, DQG HWKQLFLW\ RQ HGS LV QRW \HW FOHDU. 
TKLV VWXG\ DLPV WR HYDOXDWH YDULRXV GHPRJUDSKLF GHWHUPLQDQWV 
RI HGS. WH SHUIRUPHG D FURVV-VHFWLRQDO VWXG\ RQ 66 HPSOR\HHV 
DJHG 19 WR 50, ZKR ZRUNHG LQ D SULYDWH LQVWLWXWLRQ LQ WHVW 
JDNDUWD, IQGRQHVLD. TKH FKL-VTXDUH WHVW ZDV XVHG WR GHWHUPLQH 
WKH GLIIHUHQFHV LQ HGS EDVHG RQ FDWHJRUL]DWLRQV RI DJH, VH[, 
ERG\ PDVV LQGH[ (BMI), SK\VLFDO H[HUFLVH, DQG PXVFOH PDVV. WH 
HQUROOHG 51.5% PDOH DQG 48.5% IHPDOH VXEMHFWV. A 
FRQVLGHUDEOH QXPEHU RI VXEMHFWV ZHUH REHVH (45.5%) DQG KDG 
ORZ PXVFOH PDVV (47.0%) DQG SHUIRUP SK\VLFDO H[HUFLVHV 
UHJXODUO\ (65.2%). TKH GLVWULEXWLRQ RI HGS LV 39.4% ZHDN, 
33.3% QRUPDO, DQG 27.3% VWURQJ. TKH VWURQJHVW HGS ZDV 
REVHUYHG LQ WKH 31 ± 40 DJH JURXS, LQ PHQ, DQG LQ WKRVH ZKR 
FODLP WR UHJXODUO\ H[HUFLVH. IQ FRQFOXVLRQ, HGS KDG D 
VLJQLILFDQW DVVRFLDWLRQ ZLWK DJH (S=0.021), VH[ (S=0.006), 
SK\VLFDO H[HUFLVH (S=0.004), DQG PXVFOH PDVV (S=0.042), EXW QRW 
ZLWK BMI (S=0.728). 

Ke\words² handgrip strength, bod\ mass inde[, muscle 
mass, ph\sical e[ercise. 

I. INTRODUCTION  
HaQdgUiS VWUeQgWh (HGS) iV PeaVXUed aV Whe Pa[iPXP 

VWUeQgWh Rf Whe haQd PXVcOe WR VTXee]e aQ RbjecW Zhich iV 
PeaVXUed XViQg a haQd-gUiS d\QaPRPeWeU [1]. HGS iV a 
ZideO\ XVed iQdicaWRU Rf heaOWh becaXVe iW iV eaV\ WR SeUfRUP 
aW a ORZ cRVW [2]. HGS iV XVed WR eYaOXaWe PXVcXOaU diVRUdeUV 
iQ SaWieQWV¶ haQdV iQ aVVRciaWiRQ ZiWh diVeaVeV, SRVW-WUaXPaWic 
diVRUdeUV, RU SRVWRSeUaWiYe SURcedXUeV [1]. HGS iV aQ 
iQdicaWRU Rf VeYeUaO diVeaVeV UeOaWed WR PXVcXOaU fXQcWiRQ, 
VXch aV heaUW [3,4] aQd OXQg diVRUdeUV [5], RU WR aVVeVV Whe 
SURgUeVViRQ Rf VaUcRSeQia chaUacWeUi]ed b\ aQ RYeUaOO 
decUeaVe iQ PXVcOe PaVV aQd VWUeQgWh [2]. 

 LRZ gUiS VWUeQgWh iQ heaOWh\ adXOWV iQdicaWeV OiPiWaWiRQV iQ 
fXQcWiRQaO PRbiOiW\, caXViQg difficXOWieV iQ caUU\iQg RXW daiO\ 
acWiYiWieV UaQgiQg fURP ViPSOe acWiYiWieV VXch aV eaWiQg, 
dUiQNiQg, baWhiQg, WR PRUe cRPSOe[ RQeV VXch aV ZUiWiQg, 
dUiYiQg, aQd e[eUciViQg [6]. The hXPaQ haQd haV a cRPSOe[ 
VWUXcWXUe aQd haV bRWh PRWRUic aQd VeQVRU\ fXQcWiRQV. The 
PRWRUic fXQcWiRQ deWeUPiQeV Whe abiOiW\ WR SeUfRUP PRYePeQW 
aQd PRWiRQV. The VeQVRU\ fXQcWiRQ deOiYeUV iQfRUPaWiRQ WR Whe 
bUaiQ UegaUdiQg Whe WePSeUaWXUe, VhaSe, aQd We[WXUe Rf RbjecWV. 
GUiS VWUeQgWh iV aOVR a SUedicWRU Rf RYeUaOO heaOWh, 
ceUebURYaVcXOaU diVeaVe, diVabOiQg cRQdiWiRQV, cRgQiWiYe 
decOiQe, aQd fUacWXUe UiVN [7,8]. 

The hXPaQ bRd\ cRQViVWV Rf fRXU SUiPaU\ cRPSRQeQWV, 
QaPeO\ WRWaO bRd\ faW WiVVXe, fUee-faW PaVV, bRQe PiQeUaOV, aQd 

bRd\ fOXidV [9]. Each Rf WheVe cRPSRQeQWV iV XVXaOO\ 
e[SUeVVed aV a SeUceQWage aQd caQ be PeaVXUed XViQg a bRd\ 
cRPSRViWiRQ VcaOe. The SeUceQWage Rf PXVcOe PaVV iV 
caOcXOaWed fURP Whe UaWiR Rf PXVcOe PaVV WR bRd\ PaVV iQ 
NiORgUaPV e[SUeVVed iQ SeUceQW (%) [9].  

 MXVcOe PaVV iV caOcXOaWed aV Whe WRWaO PXVcOe ZeighW, 
iQcOXdiQg VNeOeWaO PXVcOe, VPRRWh PXVcOe, aQd caUdiac 
PXVcOe. IQ addiWiRQ WR SeUfRUPiQg ORcRPRWiYe fXQcWiRQV, 
PXVcOeV VWRUe gO\cRgeQ aQd deWeUPiQe Whe bRd\ SRVWXUe [7]. 
ReVeaUch cRQdXcWed b\ NXUfadhiOah eW aO. iQ a gURXS Rf \RXQg 
adXOWV iQ IQdRQeVia fRXQd WhaW 25.78% Rf Whe VXbjecWV had a 
ORZ SeUceQWage Rf PXVcOe PaVV [10]. The SeUceQWage Rf 
PXVcOe PaVV iV aVVRciaWed ZiWh geQdeU, SURWeiQ iQWaNe, 
Sh\VicaO acWiYiW\, aQd age. AccRUdiQg WR Whe WRUOd HeaOWh 
OUgaQi]aWiRQ (WHO), Whe QRUPaO YaOXeV fRU WRWaO bRd\ 
PXVcOe PaVV aUe caWegRUi]ed iQWR ORZ, QRUPaO, high, aQd YeU\ 
high. OQe Rf Whe facWRUV affecWiQg gUiS VWUeQgWh iV PXVcOe 
PaVV. The higheU Whe PXVcOe PaVV, Whe PRUe PXVcOe fibeUV 
caQ cRQWUacW WR PaWch Whe aSSOied ZeighW [11]. PUeYiRXV VWXd\ 
VhRZed WhaW PXVcOe PaVV ZaV QRW diUecWO\ UeOaWed WR PXVcOe 
fXQcWiRQ aV aVVeVVed b\ HGS, bXW UaWheU had aQ iQdiUecW 
UeOaWiRQVhiS [12]. The decUeaVe iQ PXVcOe PaVV haV aQ iPSacW 
RQ aQ iQdiYidXaO¶V RYeUaOO Sh\VicaO abiOiW\, aV iQ Whe caVe Rf 
VaUcRSeQia SaWieQWV Zhich iV chaUacWeUi]ed b\ a decUeaVe iQ 
HGS. 

 HGS caQ be affecWed b\ aQWhURSRPeWUic facWRUV VXch aV 
age, geQdeU, ZaiVW ciUcXPfeUeQce, ZaiVW ciUcXPfeUeQce UaWiR, 
aQd hiS ciUcXPfeUeQce [13]. SWXdieV haYe aOVR VhRZQ aQ 
aVVRciaWiRQ beWZeeQ HGS aQd BMI [14], YiWaPiQ D OeYeOV 
[15], aQd QXWUiWiRQaO iQWaNe [16]. MeQ geQeUaOO\ had higheU 
HGS WhaQ ZRPeQ [17]. HGS SeaNV RQ aYeUage aURXQd Whe 
age Rf 30-40 \eaUV aQd VXbVeTXeQWO\ decOiQeV ZiWh age 
UegaUdOeVV Rf geQdeU, aOWhRXgh Whe decUeaVe ZaV PRUe UaSid iQ 
PeQ WhaQ ZRPeQ [17]. ReVeaUch cRQdXcWed b\ LaP eW aO. 
VhRZed WhaW WheUe iV a VigQificaQW aVVRciaWiRQ beWZeeQ age aQd 
HGS [18].  

 BMI iV aQ iQdicaWRU WR aVVeVV a SeUVRQ'V QXWUiWiRQaO VWaWXV 
baVed RQ ZeighW aQd heighW. AOWhRXgh iW dReV QRW accXUaWeO\ 
deVcUibe Whe SURSRUWiRQ Rf bRd\ faW, BMI caQ be XVed WR 
eVWiPaWe Whe ideaO bRd\ ZeighW aVVRciaWed ZiWh heighW. BMI 
Whe PRVW fUeTXeQWO\ XVed diagQRVWic iQVWUXPeQW WR aVVeVV 
ZheWheU aQ iQdiYidXaO iV XQdeUZeighW, ideaO, RU RbeVe becaXVe 
iW iV eaV\ WR PeaVXUe. TheUe iV cRQWUadicWiYe eYideQce 
UegaUdiQg Whe aVVRciaWiRQ beWZeeQ BMI aQd haQdgUiS VWUeQgWh 
[13,14].  

 HGS caQ aOVR be affecWed b\ OifeVW\Oe facWRUV, VXch aV 
QXWUiWiRQaO iQWaNe, Sh\VicaO acWiYiW\, aQd e[eUciVe habiWV. 
IQdiYidXaOV ZiWh a VedeQWaU\ OifeVW\Oe (ORZ PRbiOiW\) VXch aV 
Rffice ePSOR\eeV geQeUaOO\ had ORZeU PXVcOe PaVV. A 
VedeQWaU\ OifeVW\Oe ZaV aOVR aVVRciaWed ZiWh heaOWh VWaWXV, 
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UegaUdOeVV Rf Whe OeYeO Rf Sh\VicaO acWiYiW\. LRQgeU ViWWiQg 
WiPe iQ Rffice ZRUNeUV iV aVVRciaWed ZiWh higheU faW PaVV aQd 
ZeaNeU gUiS VWUeQgWh [19,20].  

 ThiV VWXd\ aiPV WR deWeUPiQe Whe UeOaWiRQVhiS beWZeeQ 
HGS ZiWh age, Ve[, PXVcOe PaVV, BMI, aQd e[eUciVe habiWV. 
VaUiRXV VWXdieV RQ Whe aVVRciaWiRQ beWZeeQ dePRgUaShic aQd 
aQWhURSRPeWUic facWRUV ZiWh HGS haYe QRW VhRZQ cRQcOXViYe 
UeVXOWV. ThiV VWXd\ cRQWUibXWeV WR UeSUeVeQW Whe diffeUeQW 
eWhQiciW\ Zhich YaU\ iQ WeUPV Rf dePRgUaSh\ aQd 
aQWhURSRPeWU\.   

II. METHODS 

A. SWXd\ deVign and enUollmenW 
ThiV VWXd\ iV aQ RbVeUYaWiRQaO aQaO\Wic VWXd\ ZiWh a cURVV-

VecWiRQaO deVigQ cRQdXcWed fURP NRYePbeU WR DecePbeU 
2020. The VeOecWiRQ Rf UeVeaUch VXbjecWV ZaV caUUied RXW b\ 
cRQVecXWiYe VaPSOiQg RQ aOO PaOe aQd fePaOe ePSOR\eeV 
ZRUNiQg aW a SUiYaWe iQVWiWXWiRQ iQ WeVW JaNaUWa, IQdRQeVia. 
IQcOXViRQ cUiWeUia aUe Whe abiOiW\ WR cRPPXQicaWe aQd giYe 
cRQVeQW WR SaUWiciSaWe. E[cOXViRQ cUiWeUia ZeUe SeRSOe ZiWh 
e[WUePe diVabiOiW\ RU haQdicaS, hiVWRU\ Rf VWURNe, RU RWheU 
PRWRUic diVRUdeUV VXch aV WUePRUV. 

B. SamSle Vi]e eVWimaWion 
  The VaPSOe Vi]e iV caOcXOaWed VWaWiVWicaOO\ baVed RQ 

daWa b\ NXUfadhiOah eW aO [10], ZheUe Whe SURSRUWiRQ Rf Whe 
SRSXOaWiRQ ZiWh ORZ PXVcOe PaVV iV 25.78%, aW a VigQificaQce 
OeYeO Rf 95%. UViQg Whe fRUPXOa fRU a diffeUeQce iQ 2 gURXSV 
iQ iQfiQiWe SRSXOaWiRQ aV iQ: 

� Q = ZD (S [ T) / d2� ����

The UecRPPeQded VaPSOe Vi]e (Q) iV 294 iQdiYidXaOV. FRU 
a fiQiWe SRSXOaWiRQ Rf 70 iQdiYidXaOV, giYeQ a dURS-RXW UaWe Rf 
15%, aQd Whe fRUPXOa aV iQ (2), Whe UeTXiUed VaPSOe Vi]e iV 66 
iQdiYidXaOV. 

� Q = ZD (S [ T) / d2� ����

C. DemogUaShic and lifeVW\le daWa collecWion 
DePRgUaShic daWa ZeUe RbWaiQed XViQg TXeVWiRQQaiUeV 

aQd iQWeUYieZV. Age aQd Ve[ ZeUe deWeUPiQed aW eQUROOPeQW. 
BRd\ZeighW ZaV PeaVXUed XViQg aQ OPURQ KaUada ScaQ 
BRd\ CRPSRViWiRQ MRQiWRU digiWaO VcaOe ZiWh aQ accXUac\ Rf 
0.1 Ng. HeighW ZaV PeaVXUed XViQg a VWaWXUe high PeWeU 
(GEA PedicaO-SH-2A) ZiWh a Pa[iPXP PeaVXUePeQW Rf 2 
PeWeUV aQd aQ accXUac\ Rf 0.1 cP. BRd\ PaVV iQde[ (BMI) 
ZaV deWeUPiQed b\ PeaVXUiQg bRd\ ZeighW (Ng) aQd heighW 
(P) caOcXOaWed aV Whe VXbjecW¶V bRd\ ZeighW (Ng) fRU eYeU\ 
VTXaUed heighW (P2). We deWeUPiQed RbeViW\ baVed RQ WHO
’V UecRPPeQded cXWRff SRiQWV fRU Whe AViaQ-Pacific UegiRQ, 
Zhich caWegRUi]ed RXU VXbjecWV iQWR OeaQ (BMI <18.5), QRUPaO 
(18.5 -24.9), aQd RbeVe (BMI ≥25) [21]. 

D. MXVcle maVV meaVXUemenW 
The SeUceQWage Rf PXVcOe PaVV ZaV PeaVXUed XViQg aQ 

OPURQ KaUada ScaQ BRd\ CRPSRViWiRQ MRQiWRU VcaOe. 
ReVeaUch VXbjecWV ZeUe aVNed WR VWaQd baUefRRW RQ Whe 
aYaiOabOe eOecWURde SaQeOV, WheQ hROd Whe OeYeU Rff Whe PaiQ 
SaQeO ZiWh bRWh haQdV iQ a 90 SRViWiRQ aQd hROd VWiOO XQWiO Whe 
PeaVXUePeQW ZaV aXWRPaWicaOO\ cRPSOeWed. The UeVXOWV Rf Whe 
PeaVXUePeQW Rf PXVcOe PaVV ZeUe caWegRUi]ed iQWR WhUee 
gURXSV: ORZ, QRUPaO, aQd high PXVcOe PaVV. MeQ aQd ZRPeQ 

haYe diffeUeQW cXWRff YaOXeV, aV UecRPPeQded b\ WHO. FRU 
PeQ, Whe cXWRff SRiQWV aUe <33.3% (ORZ), 33.3 ̢  39.3% 
(QRUPaO), aQd ≥39.4% (high). FRU ZRPeQ, Whe cXWRff SRiQWV 
aUe <24.3% (ORZ), 24.3 ̢ 30.3% (QRUPaO), aQd ≥30.4% 
(high) [22]. 

E. HandgUiS VWUengWh meaVXUemenW 
A haQdgUiS d\QaPRPeWeU (JAMAR h\dUaXOic haQd 

eYaOXaWiRQ NiW-081028950) ZaV XVed WR PeaVXUe HGS, Zhich 
caQ PeaVXUe gUiS VWUeQgWh iQ NiORgUaP (Ng). SXbjecWV ZeUe 
aVNed WR VWaQd ZiWh feeW hiS-ZidWh aSaUW, ORRNiQg fRUZaUd ZiWh 
Whe eObRZ beQW aW 90R aQgOe. SXbjecWV ZeUe aVNed WR VTXee]e 
Whe d\QaPRPeWeU ZiWh Pa[iPXP VWUeQgWh fRU 3 VecRQdV, 
VWaUWiQg ZiWh Whe dRPiQaQW haQd fiUVW aQd WheQ aOWeUQaWeO\ 
fROORZed b\ Whe RWheU haQd ZiWh aQ iQWeUYaO Rf 60 VecRQdV. 
The PeaVXUePeQW UeVXOWV VhRZ Whe Pa[iPaO gUiS VWUeQgWh 
(Ng) Rf bRWh haQdV, aQd Whe aYeUage YaOXe ZaV WaNeQ WR 
caWegRUi]e Whe VXbjecWV aV haYiQg ZeaN, QRUPaO, aQd VWURQg 
HGS. The caWegRUi]aWiRQ XVeV diffeUeQW cXWRff YaOXeV beWZeeQ 
PeQ aQd ZRPeQ. FRU PeQ, Whe HGS cXWRff SRiQWV aUe <35.0 
Ng (ZeaN), 35.0-55.8 Ng (QRUPaO), aQd >55.8 Ng (high). FRU 
ZRPeQ, Whe cXWRff SRiQWV aUe <21.5 Ng (ZeaN), 21.5 ± 35.3 Ng 
(QRUPaO), aQd >35.3 Ng (high) [11,23]. 

F. SWaWiVWical anal\ViV 
UQiYaUiaWe aQaO\ViV ZaV XVed WR deVcUibe Whe diVWUibXWiRQ 

Rf PeaVXUed YaUiabOeV. The UeOaWiRQVhiS beWZeeQ YaUiRXV 
YaUiabOeV RQ haQdgUiS VWUeQgWh ZaV aQaO\]ed XViQg Chi-
STXaUe WeVW ZiWh a VigQificaQce OeYeO Rf S<0.05. AOO VWaWiVWicaO 
WeVWV ZeUe SeUfRUPed XViQg SPSS Y.26. 

G. EWhicV 
  ThiV VWXd\ haV UeceiYed eWhicaO aSSURYaO fURP Whe 
UQiYeUViWaV TUiVaNWi FacXOW\ Rf MediciQe ReVeaUch EWhicV 
CRPPiWWee NR. 26/KER-FK/10/2020  

III. RESULT AND DISCUSSION  

A. ChaUacWeUiVWicV of VWXdied VXbjecWV 

TABLE I.  CHARACTERISTICS OF STUDIED SUBJECTS 

VDULDEOHV Q  % 
AJH 
19-30\eaUV 
31-40\eaUV 
41-50\eaUV 

 
20 
27 
19 

 
30.3% 
40.9% 
29.8% 

SH[ 
MaOe 
FePaOe 

 
34 
32 
 

 
51.5% 
48.5% 
 

BMI (NJ/P2) 
LeaQ 
NRUPaO 
ObeVe 

 
 
15 
21 
30 

 
 
22.7% 
31.8% 
45.5% 

PK\VLFDO E[HUFLVH 
NR 
YeV 

 
 
23 
43 

 
 
34.8% 
65.2% 

MXVFOH PDVV 
LRZ 
NRUPaO 
High 

 
31 
19 
16 

 
47.0% 
28.8% 
24.2% 

HDQGJULS VWUHQJWK 
WeaN 
NRUPaO 
SWURQg 

 
 
26 
22 
18 

 
 
39.4% 
33.3% 
27.3% 
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a. Q, VaPSOe Vi]e. %, SURSRUWiRQ iQ SeUceQW. BMI, bRd\ PaVV iQde[. 

A WRWaO Rf 66 SeRSOe PeW Whe iQcOXViRQ cUiWeUia WR 
SaUWiciSaWe iQ WhiV VWXd\. SXbjecW caWegRUi]aWiRQ iQWR 
dePRgUaShic gURXSV ZaV VXPPaUi]ed iQ ³TabOe I´. The age 
Rf VWXdied VXbjecWV UaQged beWZeeQ 19 \eaUV aQd 50 \eaUV ROd. 
SXbjecWV ZeUe diYided iQWR WhUee gURXSV baVed RQ age ZiWh aQ 
iQWeUYaO Rf 10 \eaUV. The higheVW QXPbeU Rf VXbjecWV ZaV 
beWZeeQ Whe age Rf 31 aQd 40 \eaUV ROd (Q=27, 40.9%). TheUe 
ZaV aQ eTXaO QXPbeU Rf PaOe (Q=34, 51.5%) aQd fePaOe 
VXbjecWV (Q=32, 48.5%).  AOPRVW haOf Rf Whe VXbjecWV ZeUe 
RbeVe ZiWh BMI>25 (Q=30, 45.5%). MRVW Rf Whe VXbjecWV 
adPiWWed WR e[eUciViQg UegXOaUO\ (Q=43, 65.2%).  

FROORZiQg PeaVXUePeQW Rf WRWaO PXVcOe SeUceQWage ZiWh 
bRd\ cRPSRViWiRQ VcaOe, Ze fRXQd 31 iQdiYidXaOV (47.0%), 19 
iQdiYidXaOV (28.8%) aQd 16 iQdiYidXaOV (24.2%) ZiWh ORZ, 
QRUPaO, aQd high PXVcOe PaVV, UeVSecWiYeO\. MeaVXUePeQW Rf 
HGS ZiWh d\QaPRPeWeU VhRZed WhaW WheUe ZeUe 26 
iQdiYidXaOV (39.4%), 22 iQdiYidXaOV (33.3%), aQd 18 
iQdiYidXaOV (27.3%) caWegRUi]ed aV haYiQg a ORZ, QRUPaO, aQd 
VWURQg HGS. 

B. AVVociaWion ZiWh demogUaShic facWoUV and mXVcle maVV 
 The UeOaWiRQVhiS beWZeeQ YaUiRXV dePRgUaShic YaUiabOeV 
RQ HGS iQ ³TabOe II ³ VhRZed a VigQificaQW aVVRciaWiRQ WR age 
(S=0.021), Ve[ (S=0.006), Sh\VicaO acWiYiW\ (S=0.004), aQd 
PXVcOe PaVV (S=0.042). MeaQZhiOe, Whe aVVRciaWiRQ beWZeeQ 
BMI aQd HGS ZaV QRW VigQificaQW (S=0.728).  

The higheVW gUiS VWUeQgWh iQ RXU VWXd\ ZaV fRXQd iQ 
iQdiYidXaOV beWZeeQ Whe age Rf 31 aQd 40 \eaUV. TheUe aUe 11 
iQdiYidXaOV (49.7%) ZiWh VWURQg HGS iQ WhiV gURXS, Zhich 
ZaV VigQificaQWO\ higheU cRPSaUed WR Whe 19 ± 30 \eaUV aQd 
Whe 41 ± 50 \eaUV age gURXS (S=0.021).ThiV daWa agUeeV ZiWh 
Whe VWXd\ b\ KiP eW aO. [1] iQ TaiZaQ, ZheUe Whe higheVW HGS 
YaOXeV fRU bRWh PeQ aQd ZRPeQ ZeUe fRXQd iQ Whe age gURXS 
Rf 34-39 \eaUV aQd VXbVeTXeQWO\ decOiQe ZiWh age. The 
decOiQe Rf HGS iQ PeQ afWeU UeachiQg iWV SeaN ZaV 0.7-1.1% 
aW Whe age Rf 45-65, aQd iW ZaV 2.6-3.2% RYeU Whe age Rf 65. IQ 
ZRPeQ, Whe decOiQe Rf HGS ZaV 0-0.07% aW Whe age Rf 40-54, 
aQd iW ZaV 0.5-3.0% aW Whe age Rf 55-59 [1].  The diffeUeQce iQ 
Whe UaWe Rf decOiQe beWZeeQ PeQ aQd ZRPeQ haV QRW beeQ 
e[SOaiQed, bXW iW iV OiNeO\ UeOaWed WR hRUPRQeV. MeQRSaXVaO 
ZRPeQ aUe NQRZQ WR haYe gUeaWeU chaQgeV iQ hRUPRQaO 
OeYeOV. IbeQePe eW aO. [24] fRXQd WhaW SRVWPeQRSaXVaO ZRPeQ 
VhRZed aQ iQcUeaVe iQ bRd\ PaVV faW (BMF) ZiWh a decUeaVe 
iQ HGS cRPSaUed WR SUePeQRSaXVaO ZRPeQ. MeQRSaXVe iV 
accRPSaQied b\ a decUeaVe iQ eVWURgeQ OeYeOV VXggeVWV aQ 
iQcUeaVe iQ BMF aORQg ZiWh a decUeaVe iQ PXVcOe PaVV, aQd 
WhXV iW ORZeUed PXVcOe VWUeQgWh aQd b\ e[WeQViRQ HGS. ThiV 
VWXd\ aOVR VXSSRUWV Whe fiQdiQg b\ LaP eW aO. [18] WhaW WheUe 
ZaV a VigQificaQW UeOaWiRQVhiS beWZeeQ age aQd HGS fRU bRWh 
UighW aQd OefW haQdV iQ Whe eOdeUO\ gURXS iQ MaOa\Via, ZhiOe 
Whe \RXQgeU age gURXS VhRZed a higheU PeaQ Rf HGS YaOXe. 
The VWXd\ aOVR VhRZed Whe diffeUeQW OeYeOV Rf HGS dXe WR 
eWhQiciW\ aQd geRgUaSh\. The PeaQ YaOXe Rf HGS iV diffeUeQW 
iQ Whe MaOa\ViaQ, IQdiaQ, aQd ChiQeVe SRSXOaWiRQV, ZhiOe Whe 
PeaQ HGS YaOXe ZaV higheU iQ iQdiYidXaOV OiYiQg iQ UXUaO 
aUeaV cRPSaUed WR XUbaQ aUeaV.  

The UeOaWiRQVhiS beWZeeQ Ve[ aQd HGS ZaV fRXQd 
VigQificaQW iQ WhiV VWXd\, iQ Zhich PRVW fePaOe had ORZ HGS 
(Q=19, 59.4%), ZhiOe feZeU PaOe had ORZ HGS  (Q=7, 
20.6%).  MRVW PeQ had QRUPaO HGS (Q=15, 44.1%) RU VWURQg 
HGS (Q=12, 35.3%), deVSiWe PeQ haYiQg higheU cXW-Rff HGS 
YaOXe WhaQ fePaOe (S=0.006). DiffeUeQceV iQ hRUPRQeV aQd 
bRd\ cRPSRViWiRQ beWZeeQ PaOe aQd fePaOe aUe beOieYed WR 

be Whe SUiPaU\ caXVe Rf WhiV diffeUeQce. A VWXd\ b\ LiaR eW aO. 
[17], cRQdXcWed iQ TaiZaQ, VhRZed ViPiOaU UeVXOWV WR WhiV 
VWXd\, iQ Zhich Ve[ VhRZed Whe VWURQgeVW VigQificaQW 
UeOaWiRQVhiS cRPSaUed WR Whe effecW Rf heighW, ZeighW, aQd 
BMI RQ HGS. AOahPaUi eW aO. [13] UeSRUWed WhaW HGS ZaV 
QegaWiYeO\ cRUUeOaWed ZiWh age iQ heaOWh\ PeQ aged 20 ± 74. 
ThiV diffeUeQce iV OiNeO\ dXe WR Whe VWXd\ beiQg cRQdXcWed RQ 
a Zide UaQge Rf ageV, aQd WhXV Whe aVVRciaWiRQ ZaV 
cRQfRXQded b\ Whe diVSaUiW\ iQ PXVcOe PaVV beWZeeQ Whe 
\RXQg aQd Whe eOdeUO\ gURXS. 

 The UeVXOW Rf WhiV VWXd\ did QRW fiQd a VigQificaQW 
aVVRciaWiRQ beWZeeQ BMI aQd HGS, QeiWheU Whe OeaQ gURXSV 
aQd Whe RbeVe gURXS VhRZed VSecific diVWUibXWiRQ fRU HGS 
(S=0.728). A VWXd\ b\ LiaR [17] aVVeVVed Whe UeOaWiRQVhiS 
beWZeeQ HGS aQd dePRgUaShic facWRUV baVed RQ ORZ, 
QRUPaO, aQd high BMI caWegRUi]aWiRQ, aQd VhRZed WhaW WheUe 
ZaV a VigQificaQW UeOaWiRQVhiS ZiWh age, geQdeU, heighW, aQd 
ZeighW. The HGS VhRZed Whe VWURQgeVW cRUUeOaWiRQ WR bRd\ 
ZeighW aQd heighW iQ Whe gURXS ZiWh high BMI. We did QRW 
fiQd a VigQificaQW UeOaWiRQVhiS beWZeeQ BMI aQd HGS iQ WhiV 
VWXd\, Zhich ZaV iQ OiQe ZiWh Whe fiQdiQgV b\ SiUajXdeeQ eW aO. 
[25] aQd OVeORNa eW aO. [14] WhaW UeSRUWed a VWURQg SRViWiYe 
cRUUeOaWiRQ beWZeeQ HGS aQd ZeighW aQd heighW, aQd a ZeaN 
cRUUeOaWiRQ ZiWh BMI. HRZeYeU, VWXdieV b\ PaOaciR-Ag�eUR eW 
aO.[26] fRXQd WhaW adROeVceQW iQdiYidXaOV ZiWh RYeUZeighW 
QXWUiWiRQaO VWaWXV aQd abdRPiQaO RbeViW\ had VigQificaQWO\ 
ORZeU HGS YaOXeV. A VWXd\ b\ LiQg eW aO. [27] Zhich ZaV 
SeUfRUPed RQ Whe eOdeUO\ (>85 \eaUV ROd) agUeed WhaW HGS 
ZaV VigQificaQWO\ UeOaWed WR heighW, ZeighW, aQd BMI. The 
cRQWUadicWiRQ ZiWh RXU fiQdiQgV PighW be caXVed b\ Whe 
diffeUeQceV iQ Whe age Rf Whe VWXdied SRSXOaWiRQV. IQdiYidXaOV 
ZhR aUe YeU\ OaWe iQ Oife geQeUaOO\ haYe a decUeaVed PXVcXOaU 
fXQcWiRQ aV a cRQcRPiWaQW facWRU. 

TABLE II.  ANTROPOMETRIC AND DEMOGRAPHIC FACTORS ASSOCIATED 
WITH HANDGRIP STRENGTH 

 HDQGJULS VWUHQJWK (HGS)  
Characteristics  Weak 

n(%)  
Normal 

n(%) 
Strong 
n(%)  

Pa 

AJH 
19-30\eaUV 
31-40\eaUV 
41-50\eaUV 

 
13(68.4%) 
7(26.0%) 
6(30.0%) 

 
5(26.3%) 
9(33.3%) 
8(40.0%) 

 
 
1(5.3%) 
11(49.7%) 
6(30.0%) 
 

 
 
0,021b 

 
SH[ 
MaOe 
FePaOe 
 

 
 
7(20.6%) 
19(59.4%) 
 

 
 
15(44.1%) 
7(21.9%) 
 

 
 
12(35.3%) 
6(18.7%) 
 

 
 
0,006b 
 

 
BMI (NJ/P2) 
LeaQ 
NRUPaO 
ObeVe 

 
 
7(46.7%) 
8(38.1%) 
11(36.7%) 

 
 
6(40.0%) 
6(28.6%) 
10(33.3%) 

 
 
2(13.3%) 
7(33.3%) 
9(30.0%) 

 
 
 
0,728 
 

 
PK\VLFDO 
E[HUFLVH 
NR 
YeV 

 
14(60.9%) 
12(28.0%) 

 
8(34.8%) 
14(32.5%) 

 
1(4.3%) 
17(39.5%) 

 
 
0,004b 

 
MXVFOH MDVV 
LRZ 
NRUPaO 
High 
 

 
 
18(58.1%) 
6(31.6%) 
2(12.5%) 

 
 
7(22.5%) 
7(36.8%) 
8(50.0%) 

 
 
6(19.4%) 
6(31.6%) 
6(37.5%) 

 
 
0,042b 

Q, VaPSOe Vi]e. %, SURSRUWiRQ iQ SeUceQW. BMI, bRd\ PaVV iQde[. a, S YaOXeV RbWaiQed ZiWh Chi-
VTXaUe WeVW. b, VigQificaQW YaUiabOeV (S<0.05)  
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  We fRXQd WhaW VXbjecWV ZhR cOaiPed WR be e[eUciViQg 
UegXOaUO\ ZeUe RbVeUYed ZiWh VWURQgeU HGS (Q=17, 39.5%), 
Zhich iV higheU cRPSaUed WR WhRVe ZhR did QRW UegXOaUO\ 
e[eUciVe (Q=1, 4.3%); (S=0.004). Ph\VicaO acWiYiW\ iV 
aVVRciaWed ZiWh PXVcOe VWUeQgWh, VR iW caQ be XVed aV a 
SUedicWRU fRU Whe abiOiW\ WR SeUfRUP daiO\ acWiYiWieV.  BaQQ eW 
aO. [28] fRXQd WhaW SUeYiRXV VWUeQXRXV ZRUNeUV aQd OighW 
Sh\VicaO e[eUciVeV ZeUe VigQificaQWO\ UeOaWed WR HGS iQ Whe 
eOdeUO\, bXW Whe UeOaWiRQVhiS ZaV QRW VigQificaQW iQ ZRPeQ. 
TheUe iV a QegaWiYe cRUUeOaWiRQ beWZeeQ Sh\VicaO acWiYiW\ aQd 
BMI, ZhiOe a VedeQWaU\ OifeVW\Oe Zhich iV chaUacWeUi]ed b\ a 
decUeaVe iQ Sh\VicaO acWiYiW\ iV aVVRciaWed ZiWh aQ iQcUeaVe iQ 
BMI accRPSaQied b\ chaQgeV iQ bRd\ faW cRPSRViWiRQ WhaW 
Oed WR RbeViW\. 

The UeVXOWV Rf WhiV VWXd\ VhRZed a VigQificaQW 
UeOaWiRQVhiS beWZeeQ PXVcOe PaVV aQd HGS (S=0.042). We 
fRXQd WhaW Whe gURXS ZiWh ORZ PXVcOe PaVV ZaV aOVR 
caWegRUi]ed aV haYiQg a ZeaN HGS (Q=18, 58.1%), Zhich iV 
VigQificaQWO\ diffeUeQW cRPSaUed WR WhRVe ZiWh high PXVcOe 
PaVV bXW ZeaN HGS (Q=2, 12.5%). ChRe eW aO. [29] UeSRUWed 
ViPiOaU UeVXOWV, iQ Zhich HGS ZaV VigQificaQWO\ aVVRciaWed 
ZiWh PXVcOe PaVV, aOWhRXgh iW ZaV caUUied RXW iQ eOdeUO\ 
SeRSOe aged 60 ± 90. MaQNRZVN\ eW aO. [30] UeSRUWed WhaW 
bRd\ cRPSRViWiRQ ZaV iQfOXeQced b\ age. OOdeU SeRSOe 
e[SeUieQce chaQgeV iQ PXVcOe TXaOiW\ aQd VWUeQgWh, Zhich 
ZaV aOVR fRXQd aVVRciaWed ZiWh aQ iQcUeaVed UiVN Rf PeWabROic 
diVRUdeUV. DecUeaVed PXVcOe PaVV iQ cRQjXQcWiRQ ZiWh 
iQcUeaVed faW PaVV ZiOO iQcUeaVed Whe UiVN Rf deYeORSiQg 
VaUcRSeQia, Zhich iV chaUacWeUi]ed b\ ORZ PXVcOe PaVV aQd 
Sh\VicaO ZeaNQeVV. MeVNeUV eW aO. [31] UeSRUWed WhaW iQ Whe 
eOdeUO\ gURXS, HGS ZaV aVVRciaWed ZiWh VXbjecW deSeQdeQc\ 
iQ SeUfRUPiQg daiO\ acWiYiWieV. OOd age iQcUeaVeV Whe UiVN Rf 
VaUcRSeQia Zhich haV aQ iPSacW RQ deSeQdeQc\ iQ daiO\ 
OiYiQg acWiYiWieV. A decUeaVe iQ HGS caQ be XVed aV a 
SUedicWRU WR aVVeVV Whe decUeaVe iQ PXVcOe PaVV accRPSaQied 
b\ Sh\VicaO fUaiOW\ iQ SaWieQWV ZiWh VaUcRSeQia. 

 OXU daWa VXggeVW WhaW Whe UeOaWiRQVhiS beWZeeQ BMI 
facWRUV, Sh\VicaO acWiYiW\, PXVcOe PaVV, aQd PXVcOe VWUeQgWh 
ZiWh HGS VhRZed WhaW WheVe facWRUV aUe iQWeUcRUUeOaWed. 
IQcUeaVed Sh\VicaO acWiYiW\ iV aVVRciaWed ZiWh iQcUeaVed 
eQeUg\ e[SeQdiWXUe Zhich caQ UedXce Whe SURSRUWiRQ Rf bRd\ 
faW aQd ORZeU Whe UiVN fRU RbeViW\. Ph\VicaO acWiYiW\ aOVR SOa\V 
a UROe iQ iQcUeaViQg PXVcOe PaVV aQd caQ aOVR iQcUeaViQg 
PXVcOe VWUeQgWh, aQd b\ e[WeQViRQ HGS. OXU fiQdiQgV aOVR 
VXggeVW WhaW age aQd geQdeU caQ affecW HGS WhURXgh diffeUeQW, 
bXW iQWeUUeOaWed, aVSecWV Rf hRUPRQaO chaQgeV. AgiQg iV 
aVVRciaWed ZiWh hRUPRQaO chaQgeV WhaW affecW PXVcOe VWUeQgWh. 
DecUeaVed WeVWRVWeURQe OeYeOV iQ ROdeU PeQ aQd decUeaVed 
eVWURgeQ OeYeOV iQ ROdeU ZRPeQ aUe UeOaWed WR chaQgeV iQ bRd\ 
cRPSRViWiRQ chaUacWeUi]ed b\ aQ iQcUeaVe iQ faW PaVV aQd a 
decUeaVe iQ PXVcOe PaVV, Zhich UeVXOWV iQ a decUeaVe iQ 
PXVcOe VWUeQgWh aQd HGS. 

 FacWRUV VXch aV dePRgUaShic, aQWhURSRPeWUic, OifeVW\Oe, 
aQd diVeaVe caQ iQfOXeQce HGS. A ORQgiWXdiQaO cRhRUW VWXd\ 
cRQdXcWed iQ FiQOaQd b\ SWeQhROP eW aO. [32], iQYROYiQg 
iQdiYidXaOV aged 30 ± 73 fROORZed fRU 22 \eaUV, VhRZed WhaW 
Whe decUeaVe iQ PXVcOe VWUeQgWh aVVeVVed b\ HGS iV age-
UeOaWed, bXW QRW VigQificaQWO\ diffeUeQW b\ geQdeU. ThiV ORQg-
WeUP VWXd\ aOVR highOighWed Whe iQfOXeQce Rf OifeVW\Oe chaQgeV, 
Whe SUeVeQce Rf cRe[iVWiQg chURQic diVeaVeV, aQd ZRUN hiVWRU\. 
A PRUe VedeQWaU\ OifeVW\Oe, haYiQg chURQic diVeaVeV, aQd 
VXbjecWV ZiWh a hiVWRU\ Rf VWUeQXRXV ZRUNV VhRZed a faVWeU 
decOiQe iQ HGS. VeUPeOXeQ eW aO. [6] aOVR UeSRUWed WhaW Whe 

eOdeUO\ ZhR PaiQWaiQed OighW Sh\VicaO acWiYiW\ VXch aV 
ZaONiQg iQ a VORZ gaiW VhRZed a VORZeU decUeaVe iQ PXVcOe 
VWUeQgWh WhaQ Whe gURXS ZiWh a VedeQWaU\ OifeVW\Oe. 

 ThiV VWXd\ haV OiPiWaWiRQV UeOaWed WR Whe deVigQ aQd 
PeaVXUePeQW Rf HGS. The cURVV-VecWiRQaO deVigQ cRXOd QRW 
YaOidaWe a caXVaO UeOaWiRQVhiS. HGS iV a VXUURgaWe iQdicaWRU Rf 
PXVcOe VWUeQgWh, ZhiOe Whe HGS iWVeOf iV SURcedXUaOO\ 
SeUfRUPed b\ aVVeVViQg Whe VWUeQgWh Rf Whe haQd WR VTXee]e 
RbjecWV, aQd WhXV RQO\ UeSUeVeQWV Whe PXVcOe VWUeQgWh iQ Whe 
XSSeU OiPb. The HGS aOVR dReV QRW haYe a VWaQdaUdi]ed 
PeaVXUePeQW PeWhRd (eiWheU SeUfRUPed ZhiOe VWaQdiQg RU iQ a 
ViWWiQg SRViWiRQ) aQd caQ aOWeU Whe PeaVXUePeQW UeVXOWV. MaQ\ 
VWXdieV WhaW caUUied RXW HGS PeaVXUePeQWV VhRZ YaUiabOe 
UeVXOWV, aQd WhiV bUiQgV XQceUWaiQWieV UegaUdiQg Whe cXWRff 
YaOXeV fRU Whe ZeaN, QRUPaO, RU VWURQg HGS. TheUe aUe 
cRQfRXQdiQg facWRUV QRW accRXQWed fRU iQ WhiV VWXd\, VXch aV 
eWhQic diYeUViW\ aQd ORcaOiW\ (XUbaQ YV UXUaO), WhaW PighW aOWeU 
Whe aVVRciaWiRQV beWZeeQ dePRgUaShic facWRUV aQd HGS. A 
fXUWheU VWXd\ WhaW WaNeV iQWR accRXQW YaUiRXV cRQfRXQdiQg 
facWRUV iV Qeeded. 

IV. CONCLUSION 
We fRXQd WhaW YaUiRXV dePRgUaShic facWRUV ZeUe 

aVVRciaWed ZiWh PXVcOe VWUeQgWh PeaVXUed b\ haQdgUiS 
VWUeQgWh. TheVe facWRUV iQcOXde age, Ve[, Sh\VicaO e[eUciVe 
habiW, aQd PXVcOe PaVV. The UeOaWiRQVhiS beWZeeQ haQdgUiS 
VWUeQgWh ZiWh BMI ZaV QRW VigQificaQW iQ RXU VWXd\.  
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