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ABSTRACT 

Objective: to determine risk factors of sarcopenia and low bone mass of pre-retirement 

population in the Saensuk Municipal 

Study design: cross-sectional study 

Subject: 372 subjects, age 40-59 years, in the Saensuk Municipal 

Methods: All the participants were evaluated by clinical risk questionnaire, food behavior, 

physical activity, physical performance (usual 6 meter gait speed, time up and go test, 5 

times sit to stand test and one leg standing time), muscle strength(hand grip and knee 

extension) and calcaneal quantitative ultrasound. 

Result: Average age is 49.3(+/-6.1) years. 82.1% were female. Prevalence of sarcopenia 

and osteopenia were 13.4% (95% Cl: 10.0 - 16.9) and 25.5 (95% Cl: 21.1 - 30.0) 

respectively. After use logistic regression analysis, age>50 years, education level that 

lower than bachelor's degree 

, decrease of hand grip and knee extension strength and osteopenia were significantly 

related to sarcopenia with odds ratio of 3.02, 2.38, 0.60, 0.88 and 2.20 respectively (p 

value<0.05). 

Conclusion: age>50 years, education level that lower than bachelor's degree, decrease of 

hand grip and knee extension strength and osteopenia were significantly related to 

sarcopenia. 

Keywords: sarcopenia, risk factor, pre-retirement 
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~m·rnm'\J\JV11-:Jfl1tJ\911tJfl1'j11W5tm;nm1'Wm'S~'W'lJ7b~t.J1 (one leg standing time: OLST) bbi;ltfl11 



1\Y11tt.JtL1617b 'lJn711;'lff'iJ7rnn1i~1tn'U 5 flf:i (5 times sit to stand test: 5STST) ~..:J:Ufl17:l.J~:Wi'U15 
' 

fl'\Jfl11t f11t\Y1 fl'\Al';i'Ll'<il1 fl fl11P1 mn b t1fl1Ut1[ 14] 'LIB fl'<illfl fl11A\Ylf11mvt7fl11t?lru L~t.J:l.J11;,fll;11:IJ L .;j' e) LLl;, t 
'U "I V 'l OJ QJ 

m1 t mt~ fl'\J7..:J bbl;11 iJ rn1 Pi fl~11 ~ t..1~11 t..1..:i1'U11 rn 1tlf u'\Al{l ~ m1m~ t..1..:i B'U 11'7 bLn n'<il m1:wV11..:i m cJ 

m1~1 L uu;i\91 LL1;1 t 1.n6llm m1r11m111i1t..11;,\Ylrn1 Ln\Ylm1t mt\Yl flU1..:i LLl;,t.ll 11tr1ru L~ t..1m1;,flA1:w L de1 
'\J '\J V 

11m~-:im1'\Al1;1(Y1(91flvtflA:w 11'lBfl\971 t..1 [ 15] 

..:J1'Ll1i t..1-d~..:iiJ1 \91fltl ';it?l..:J rl L ~ BP1 fl~1V!7 fl11:l.J i:w~'Llfi1tV!11..:J'U'<il ~t..l L~ t..1..:J~ L~ t..11-UB-:J fl'U.ll11t 
' ~ ~ ~ 

fll;11:l.J L 'Ue11Je) cJ LL1;,tfl71t f11t\Y1 fl'U1..:J 11:l.J'Vl..:JP1fl~1V!1 fl11:l.J6llfl'/J e1..:J.f111t fli;11:l.J L 'Ue11Je) cJ bL1;, t.f111t mt \Y1 fl 
'\J ' '\J 

u1..:i'l.lmtl1t6ll1m 1 'Vl t..11t..1 ne1t1 Lfl;:;mu 1 ub '1.1\91 L 'Vl~u11;, LiJe1..:i LL?l'Ll?l'I.I ~-:ivt1\Y16ll1;1u~ 
' ' 

1.3 tl-:i::1v"llu~f11\;)11~::1Jifu 

Ji1'U1"!l101':i L llt1..:i1t11~t..11 mJ~~fl~1vt1fl11:w6llfl'I.I e1,:i.ll11t flf17:l.J L-d'e1if e1 cJ LL1;1tm1tmt\Ylflu1,:i 11:wJ,:i 
' '\J 

~fl~1Vl1i:i.Ji'Ll61tV!11,:j'U'<iJi cJ L~m~ L~t..11'LJeJ,:j'IJ e1,:itJ1::6ll1 m1 'Vlt..11 t.Jfle)t!Lfl,;t..l rub m%t1~';it L 'U cJ,:j L~'J~~ f1 '<il .. 
fllfl \91t1'Ll 8 e1 fl 

611'U'U btl'U1ll (;,Jl;, ~'\Alfi'<il1flfl1';jpj fl~1?17:w71tl°lJ11 tl L 'U'Lli;11'UV!~,:j'/Je),:j LL 'Ll1V11,:j fl 1';i'\Je),:jfl'ULL1;,tfl1';j(Y1 LL1;,f fl~1 
'\J 

11flmt~mqmL1;,tm1tm1t~~L~t..1m1;, flii'1m-d'e11 t1flzj:w~~,:im ~~ L tl11tm,:i (frail elderly) ~i1~1t11t1 
' ~ ' 

L~:l.J~'Lle)~1,:j(?le)Llfo,:j 

611'U bft':i~;in~ rn11D'<ilu cJ 11fl~11 fl~fo,:i LL1;'ltfl1e1u fl 1;,:w'<iJ t'l11 ell;, \Y1 ri 11 i~1 cJ 1 u rn1\Y1 LL1;,f fl~1J,:i'/.I e1,:i ~u1 cJ 
di! 'U 'I 'U 'U 

LL1;,t'/Je),:j?\tll'Ll'U~fl11.f11fl{~ L '\Al11t1;,\Y1{;,ll;,LL 'Vl'Jfl6Ue)'Ll~~e),:i b 'LJf11 b 'LJ~1 cl b 'Ll fl11\Y1 LL1;,{fl~1?\,:j e)l'Vl fl11~1~\Y1 
.. '\J '\J 

~ 1'U 6" ,:ifl a.I bb~ ::"!la.J"!l'U (;,J 1;, 1;1'\AI fl '<il 1 fl fll 1 P1 fl ~1 '<il t6111 cl b ~ fll 111,:j LL(;,J 'U 'U eJ,:j fl 'U 11 fl ?I 8 \Y1 { '\J fl 'U'U ru VI 1 LL1;, t 
' V 

fl~:wb 'U1V!:wlcl 
' 

n1 ':i b~ mb vd1 'U11':i1;11':i ,:i1'U1 ~ cJ'l11 cJ ?111,:i zjeJ L~ cJ,:i1 ~ nuvti.11 cJ ,:i 7'Ll ~ 7'Ll rn 1 L(;,J cJ LL '\Al 11 'U111 ?171'Vl 1,:i 

m1 LL '\Al'Vl ~ m1~ \Y1'1f 11m LL1;1 m tl~ cJ'LlL~ cJ'Ll f LL1;1 t m1 L(;,J cJ LL '\Al1{;,J 1;,,:i 7'U1 'U,:i1utl1t6ll :w1 t \il'U.ll7 flvt~eJ 
'\J ' 

1::\il'Utl1::L'Vl~ 

1.4 "llel\Jb "IJ~"!Jel.:Jn1':i1'<ijfl 

P1fl~1~1LLtl111'lLLf1 e)lcJ L'\AI~ ?ltll'U.f11'\Al?l:l.J1?1 f11';jpjfl~7?\,:j?\(Y1 ~1?1'U1 LL1;'1::l;1fl~ru::,:i1'U~'l!,:i 
' '\J ' 

m fl fl11 4 'lf 11:w,:i tl1::1~ fl11'\AI~ \Y1 \91 flV!fll;l:l.J b 'U'J:: cl:: 1 U~ ~1'U:IJ1 '\Alt) ~m1:l.J'U~1.ll fl e)1V!11~:U LLfll;, L6(jcJ:l.J 

LL1;,t1\?l1i1'Ll~bJLv1cJ,:j'\Aje) 1 'ULL~l;,t'J'U fll';j~:l.JLfl~e),:j~:l.J~lJfllL 'VJB'U f1111~{'ULL?\,:jLL\Y1\Y1~81'U '\Al{l~f11';j:l.J'l!-:i I 
' ~ 

..::::,,1 ~o:;:i,, V .:::,,I V .:::,,I ii .,di, 

'U rJ'U I fl11:l.J L?I cl ,:i '\ll 1,:j fl 1;,'U fl \Y16ll'U:l.J11;, f11 cl flt LL 'U 'U 'I.I rJ,:j LL '\J '\J ?I rJ'U tll:l.J fl \Y1 meJ,:im1 t ~ ~ L?I cl :l.J11;, fl 617:l.J L 'U 8 

LL'\J'\J SARC-F score (;,J1;,f111\9111'<il Time up and go (;,J1;,f111(9111'<il 6-meter gait speed f11LL1,:iuui'.lrJ 

A1fl11:l.JLL ~,:jLL ';j,:j'/Je),:jflfl1:l.JL 't18'1.11 f11';j'J(Y)';itcJtL 16171 'Llf11'j~'U'/.11 L~t..11 Lb1;,tf17'j'J(Y)'jtcJtb 1617 b 'Uf11'jj;,fl'<iJ1fl 
' 

Ln1i~1'U1'U 5 flt,:j A1fl11:l.JV!'U1LL11'Llmt\Ylfl~'LlLVh LLl;,tfltbb'U'U KKOS 1'Utl1t'tf1m~i'JmcJ~,:jbb~ 40 u~,:i 
'\J ' 

59 1J~b'U1 bfl':i..:Jf11':il~cJ';i~V!11..:Jb~tl'WfPJfl1i'W5 'V'U'l.2561 i:i..:ib~tl'Umf1-!:)1fl:W 'V'U'l.2561 
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"' .., ~ 

1.5 'Utl1a.!A'W'Vl 

Body mass index (BMI) 

Dual Energy X-ray Absorptiometry (DXA) 

Five-times sit to stand test (SSTST) 
,., 

rrr..:i 

Hand strength 

KhonKaen Osteoporosis Study (KKOS) score 

Leg strength 

Low bone mass 

One leg standing time (OLST) 

Quantitative Ultrasound (QUS) 

Sarcopenia 

SARC-F score 
,., 

m fl n i11mu el 

Six-meter gait speed 

Time up and go (TUG) 

li1 'll 'Ll :IJ1 fHl 18 
,djQJ I .<:::,, QJ 

bf11el..:J1 ~ f111lJVl'U1 bb 'U'U m~ ~ fl'll'U~ ?lel..:J'VIJ fl ..:J..:J l'U 
'lJ 

m11~1~t1~nm1 'Wm1flff-il1mn151il1m'W s 
' 

f11bb1.:J'UUlh:J 

m 7lJ b~ t1..:ivi1..:ir1 ~'Ll n'U el..:J n 1 ~~ n'VIJ1'W 
'lJ ' 

I C:.: 2.1 J' 
Al f111lJ bb 'U..:J bb ';i ..:J'U el..:J nmlJ b 'U el'/.ll 

m1~m~~ nu1..:i 
'lJ 

' ' 
bf11el..:J1 ~ f111lJ'v1'U1 bb t!'U m~ ~ ni'U b 'VI 11?118 A ~'U 

'lJ 

,., 
.fll 1 ~ fl J 1 mu m'.fo 8 

A~ bb 'W'W'l.l el.:J bb UU?lelU ti 7lJ fi'~ m el..:JJl 11 ~?l rub~ ti 
'lJ V 

m1m~1m1b~'W'l.Jn&i~1~t1~vi1.:i 6 blJm 

m1u1~ d1'Wm 7lJ b~ ti..:i ~elm 1'V'l~~1,1 nVI nillJ 1~ ti 
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d 
U'Vl'VI 2 

m1il1ll'U7 bb 'Ll1V11~m 11D"il 5 t.1m1 t ?lru b~ mn r1 mhw b d el?11Vl-r'IJ'l};it'll1 mvi'1 fo n b 'U'U~~ ~v'f 1V11 t.1 
" V 

b ~el~"il1fl'\.ht'll1 mvi'1 fa nil A11:W bb~fl~1~fl'U1 'Ub~el~'ll1~i'U6 '/J'U1\?1'/Jel~",j1~ fl18 i~;i~ 11:w~~.nfr1,'l~~'V11~ 
' " 

~~r1:w bbrlt111ll'U5'fi:W ~~t:-m 1 ~mr1n-a1m i1el-Uel~'l.ht'll1m 1 'Llbb~rlt'U':it b V1i'liJm1:w bb~n~1~n'U tJ y.i_ i'l.2553 

r1rutv\'1~1'U-Uel~ the European Working Group on Sarcopenia in Older People Vl~el EWGSOP 1ti1 

b?l'U el r\' 1Dt.11:w bbrl t bnrusvi m 11D"il 5t.1m1 t?lru b~ t.1m r1 n i1:w b d el L\?1 t.lU m:w m1 t?I rub~ mn r1 ni1:w b d ffJ 1 b 'U'U 
'IJ V 'U V 

I !it/ 9./ I 

.f111 tv1ilm rl f) i1:w b 'LI ell;, \?1 l;,~11:W fl'\JlJ A11:W bb ~~ bb ';i~'/J m ni1m 'Uel'Vl1 \?1 "il1 f) fl1 ';j (,I ';il "il bb ';i ~'U'IJiJ el (hand grip) 

rl\?lrl~Vl1ellJ?lm1t1m~-umni1:w b t1el~1\?l"il1 flfl1':i~':i1"ilfl11:W b ~11 'Llm':i b~'U ( walking speed) Vl1el n1~~ 

ni1:wb'i1el (muscle power) rl\?lrl~ V11nilm1:w~1?1'Ufl~A':i'IJ~~?11m1el'U 1 'IJ"ilt 1ti1fom11D"i15t.111 b 'U'U.f111t 

~~b~t.1mr1nii'1mi1el1'Ubb ':i~ (severe sarcopenia) r1rutV11~1'U EWGSOP tJ~bb'Uttl11 ~ml"ilfl\?lfl':iel~ 

.f111t?lrub~81llrlfli1mi1el1'U'U':it'll1'1l'U~el18 65 ut'U1'U[16l U ~.i'l.2557 AtWtV11~1'U'/Jel~ the Asian 
" V ' 

Working Group for Sarcopenia Vl~el AWGS 1ti1il1ll'U1bflrusvim11D"ilut.1m1t~~b~t.1mr1nii'1mi1mbr1t 

15m11 iV11~r1~D n 1 'Ll'lJ1t'll1m'1l11 belb ;t.1 L1?1t.1n1Vl'U1?1 bb 'U1V11~r1ii'1 t.1n'IJ-Uel~r1rutV11~1'U EWGSOP bb~ 

bb 'U~'U11 'ITT im1m1"il bb ';i~'U'IJiJelbbrltfl1';i~';il"ilfl11:W b ~11 'Ufl1':ib~'U 1 'Llfl1':im1"ilfl\?lfl':iel~ Vl1 nil bb ';i~'U'IJiJ el 

r11?1r1~bbr1t/Vl1elilm1:wb ~11 'Ufl1':ib~'Ui11;,~ 1 ~~11"il11?1m1;,ni1:wb'l1mt.11~Ab ~m~:w (1'\.J~ 1) bbi;,tbb'Uttl11 ~ 
" 

~'al"ilfl\?lfl';iel~ 1 'Ll'U'at'll7m~ilmt.1 60 tJ Vl1€l 65 ut'U 1 'U L\?18t'UelcJfl'\JlJ81:W"Uel~~?l~el18'1l11belb;81 'Ubb~ 
'I \J 'U\J 'I 

People aged 60 or 65 years and older according to 

the definition of elderly in each individual country 

Handgrip strength (HS) and gait speed (GS) 

No low HS and No low GS Low HS and/or low GS 

Muscle mass measurement 

Normal Low 

No sarcopenia No sarcopen1a Sarcopenia 

'a'U~ 1 bb?l\?l~A1bb'U~'U1bb'U1'V11~fl1'a1lJ"ilQ8-Ue.M Asian Working Group for Sarcopenia[9l_ 
" 
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~1'\,'l'!'\J16fl1'Wl"j1~ r1ru~'\111..:J1'W AWGS bb 'W~'U11 m 'lifl1"j\,)"j'J~ bb HU'\Ji1m ~ell~r\11:lJ bb ~..:i bb "j-:J'l.Je]-:J 

nihmdmLl:1~1im"j\9l"j1~r111:1JL111tJfl1"jb~tJ"j~tJ~V11-:i 6 L:lJ\9l"j 1~t11'lieY\9l"j1fl11:lJL11'l.leJ-:Jfl1"jb~'W'lJn~ L~eJ 

1~6'1:)J"j"jflJ71'\Al'lJel..:Jfli1m1eJ 611'Wfl1"j(,)"j'J~1~:lJ1l:1fli1m1eJ r1ru~'\111-:J1'W AWGS bb 'W~'LI11 '\,1\,)"j'J~Ji'1mr1~eJ..:J 

DXA b '\Al"j1~lJfl11:lJbb:W'UtJ16'1-:J bbl:1~ ~'-t'.h tJ 11i11'ut.J~mru{-:ia"j~V!11-:J fl1"j\,)"j'J~UeltJ ( (,)1"j1-:J~ 1 )l9l 
'\J '\J 

Low muscle strength 

Handgrip strength* 

Low physical performance 

6-meter usual gait speed 

Low muscle mass 

ASM/height2 by using DXA** 

<26 kg <18 kg 

~0.8 mis 

<7.0 kg/m
2 

<5.4 kg/m
2 

'\/llJ1cJL'\/I~ *AWGS recommends using the lower 20th percentile of handgrip strength of the study 

population as the cutoff value for low muscle strength before outcome-based data is available. 

**AWGS recommends using 2 standard deviations below the mean muscle mass of young 

reference group or the lower quintile as the cutoff value determination 

fl1"j'Lb~bil'Wfl11:lJbb~-:Jbb"j..:J'lJe]-:Jfli1m1eJi1eJ (hand grip strength) VIG11tJ-:J1'W1~tJ~~m1~\i11tJ 

bfl~el-:Jl~bb"j-:J'LJ'\Ji1eJ (hand grip dynamometer) ~umruili1~-:ibb'\J'\J hydraulic bbl:1~bb'\J'\J pneumatic 

zj-:J6'11:lJ1'Hl 1 'UVl~bb Vl'Wtl'W 1~Lb~fl1"jlJfl1"j~-:Jfl1fleJ'W'LI11 t.Jli ~1m1tJ-:J1'W'lJeJ-:J David bbl:1~flru~ 1'Wu '\Al.fi'l. 

25571Ji'~m~1~tht1~1tJ1'W 135 fl'W~iJmmu~tJ 76.7 u '\Al'\J11 bb"j-:Jni1m1eJVl'W'l.!1~l:1~l:1-:iiJ~l:1~eJfl1"jV!fl 
'\! ' 

~:lJb~:lJ:lJ1flt'W Vli;1-:J1~{'\Jfl1"j!Jfl'V'l'\J11 fl11:lJbb~-:Jbb"j-:J'lJel-:Jfli1:lJb,QeJVl'W'lJ1~b~:lJt'WVlfl 1 nfan{:lJ~~l:1~ 
' 

1eJfl16'1'lJeJ-:Jfl1"jV!fli:w 11i11eJtJl:1~ 1 7 'WeJ n~1m!'W ~tl1t1~i1m1mL ~-:Jbb "j-:J'lJeJ-:ini1m ,deJVl'W'l.!1l:1~l:1-:J~~ L ~:lJ 
'\! 

m1m~t1..:i~eJfl1"jbfl~m~~fl6'1~1'V'ln~nri-:i 3 Lvi1l
17

l u '\Al.fi'l.2558 Sofie Lbl:1~flru~ 1Ji'Pimn~tl1tJeJ1tJ 60 u 
'\J '\J ' 

t'W1u ~1'W1'W 770 fl'W b~eJV!1fl11:lJl:lJ'l~'t.!15'lJel-:Jbb"j-:J'LJ'\JiJeJ (grip strength) bbl:1~bb"j-:JbV!fJtJ~'lJeJ-:Jfli1:lJbdeJ 

Vl'W'l.!1 (knee extension strength) 1~t11iri1~~\?l~ (cut off value) LV11fl'\J 0.3 nfan1':1J~ml1m!n\?11 

V!i!..:in1l:1 fl1:lJ6'11Vl1'\J~'ll1 tJbbl:1~ 0 .4 n11;'lfl1:lJ\9lel'thvt'Wfl\>11vti!-:in11;'lfl1:lJ?11Vl1'\J~Vlf:U..:J '\Al'\J11fl111il11~ bb HUU 
'IJ V I V '\J V 

i1eJi1:1Jfl'\J Lb "j-:Jb VlfJ tJ~'l.leJ..:Jfl~1:lJ b UeJ\,1'W'lJ1 b ~eJm1~V11m1~ni1:1J b UeJBeJ'Wbb ".i-:J ( functional muscle 

weakness) i1m1:wb'l.leJ-:Jfl1"jm1~ (sensitivity) 6'1-:iri-:i1eJtJG'1~ 90.ol
18l Chen bbl:1~flru~ 11i1P1fl'\flfl11~ 

'\! 

mu batJml:1ni1:1J b deJ'lJeJ-:J~tl1 tJ'll11belb :UtJ Vf\J11fl1~~\?l~'l.Je]-:J bb "j-:Jb VlfJtJ~'lJel-:Jfli1:lJ b ,deJVl'W'lJ11 'Ufl1"j1'U~UtJ 
'\J V 'U 'I 

fl11~6'1tlJbatJml:1fli1m1eJ~el UeltJfl11 18.0 n1l:1fl1:lJ 1 'U~Vlill-:Jbbl:1~UeltJfl11 16.0 nfan{:lJ 1 'W~'ll1tJ 611'W 
'IJ V '\J V 'IJ 

~~\?l~'l.Jel-:Jbb "j-:J'LJ'\Ji1eJ~el UeltJfl11 18.0 nfan{:lJ 1 'U~Vlill-:Jbbl:1~UeltJfl11 26.0 nfan{:lJ 1 'U~'1l1d
9
l zj,:i~1~tJ~-:J 

'I 'IJ V 'U '\J 

1Ji' b~el flfl1fl11:lJ bb ~-:i bb ".i-:J b ~:lJ b~:IN1fl bb "j-:J'LJ'\JiJelb ~tJ-:Jel ~1-:Jb~ tJ11 'Wf11 bb 'U~U1'l.Jel-:J AWGS J1V1f'\Jfl1".i\9l"j1~ 

G'lm".ir1.rn'\Alvi1-:irnt1vi1-:i~1~t1H TUG Lbl:1~ m1:1JL111'Ufl1"jb~'W~".i~tJ~V11-:i 6 L:lJm eJ1-:iB-:i~1n AWGsl
9
l 

'\! 

J1V11''Ubb '\J'\JG'lel'Ut11:lJfl~fl';je)-:Jf111~6'1ru batJ:lJTi;, ni1:1J b dei'll'U~ SARC-F score 11i1lJfl1".iP1fl~1fl11:W 
'\! V 

11 fl11:W~1b'V'l1~ bbl:1~fl11:!Jbb:W'Ut.J11 'Wfl1".i1'U~UtJfl11~6'1ru batJm'1 fl~1:!Jb dei 1 'W6'11fi1".iru{,iU".i~'ll1'1l'U~'U 1~tJ 
SJ V "" 

'\111fl1".ib u~tJ'\Jb 'Vlt1u-uei'll-:i~'l.Jei-:iu".i~'ll1m 1 'Uvi1ut1 bu m:lJ~m bbl:1~vi1u Lm :Ut1 ~i1m1mb\9ln~1-:i n'U\i11'Ub ~el 
' 
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' ' . 
'll1&i i:it1viBciml"ltJ 'LJ'Ll1(?1'1Jm11'1fl1tJ bbi1~\9l'll'W:IJ1i1fl1tJ 'V'lu11:i1ri1A111J~w1n~?1'1AB1BtJi1~ 90 bb1;,~:\1ri1 

~ ~ 

m11J bb:l.l'Llt!7€ltJ 1 m~\9lu~m flflB1'iJ tJi1~ 80-90 bbli1lJ ri1m11J bJ1 l 101 m11 ·ifa uu?lBUml.l 1 'Llfll'aA(?l mm 
~ 

.fl11~?lru b~tJ:IJ1i1fl~1lJ b -6€! b lJ'Ll15~~1tJ ~'LlVl'Ll 1:J?l'1 bbl;,~ b VllJl~?llJ f7Ufl11'U11 'IJ1 m 'Ll fl1';irl(?lfl';Jm~?l'1e)1 tJ~ 
'\J V 'I '\J 'lJ 'I.J 'I 

BtJ1t1'lllJ'llt11\1i\ tlt1~1t11t1mn 
~ ' 

?h'Ll 1 t1m1~ m~(?lflU7'11.Tmmu6l'lfl111'Ll'<i1QtJABA17l.lvt'Ll1 bb t!'Ll'UB'1 m~(?l n J1 n11 -1.0 bV17'UB'1A7 
~ ~ 

brjtJ'1bU'LllJ1(il';i~1'Llbbli1?l-lfl11 -2.5 b'\111 bdmu~tJUb'VltJUflUA7:IJ1i;,f1':i~(?lfl?l-l?l(?l1(?ltJ1'li DXA bV111.T'Ll bbl;,~ 
d.!I 'll 'U 'U 'I 

?llJlf'llJ hAm~(?lfl'V'l';i'Llbb 'Ll~tl11 V!\,l';il'<il 1 'Ll~vtru-le)1tJlJ1flfl11 65 tJ bbi;,~~'ll1tJlJ1flfl11 70 tJ tJflb1'Ll~~i1 
<\..I 'I '\J V 'I 'lJ 'IJ 

U'<il~m~ml1l zj'1m1m1'<il DXA hhvtm~i:\'1wfo1-b1 'Llfl11A(?lf1':i€!'11 t1u1~'ll1mvf11 Ubb1;,~v\'11 vf m11 vfm11J1 
~ ,, 

\911'Llfl11U€!'1fl'Ll 11A 1:JmBUf'li1lJflU'U';i~'ll7m?i1t11 vtru \9l-l°l!'Llfl 1';i(il';i1'<iJ1(?lf'l11lJVl'Ll1 bb 1-l'Llm~(?l fl\911tJ15 
9 V ~ 

QUS ~-ii1rn1rnvi 1 t1m1m1'<ilA(?lmeJ-iu1~'ll1 m~BtJ 1 'Ll'lll.l'll'Llb ~B-N1n bf'l~B'1?11m1t1'V'lfl'V'l71\91~1 tJ 11mri1 
~ ' 

mT<il 1:Jbb'V'l-l Hnm 1 t1m1~11'<ili'Ll bbi1~ 1:Jb~tJ'11i1Bfl11119lfuf-i~ 'Ll€lfl'<il1n1.Tt1 i1rn1~mn1 'Ll'U1~bVlf'l11 VltJ 

'V'lU11 f11';j~';i1'<il QUS 11lJflUf11';i'U';i~bil'Ll'U'<il~m~tJ--'.!Vl1-lf'l~'lJfl'UmlJvt11VltJ1l;ltJ'U'iJ'Llbbfl'Ll (Khon Kaen 

Osteoporosis Study score :KKOS) '<il~b~lJf'l17l.lbbbi1~f'l17lJ~7b'V'l7~1'Llfl111'lJ'<ilUtJ hA~-l'1'11€ltJi1~ 81.0 

bbi1~1€ltJi1~ 96.5 ~7m\1(i)U (~711-l~ 2)l13l 

-1-:'i 

--l-:'i--1-9 
.:; I 1-'.'-+ 

611-6-1-
()"-69 

-1_1- - -+ 

KKOS scoring system 

Score 

-1-+ 
-1.: 
-111 

-1-(1--t-t -s 
-1-"--tq -6 

(J .:; I 1-'.' 4 

61.1-6-t 

S:'i-S9 -11_1 

l}(i - l.: 

):ok: The KKOS -,,::01 c \Y;b .;:,1knlatcd by the su111111;1t1(m of 

a_g<c" and weight sc,:irc~ 

}J-;.O'Sscorc: -1 !11gh11sk. K .. E.O"-,corc -1 kn,n-k 

'<i11nm1~rn111 t1~D'Ll'V'lu11 f111Vl(?l?\€JU?tm1t1m'V'lvi1-imtJ 1(?ltJ 1 off m11m~m~nm 1 'Ll fll';i~mn 
V 9 

b~tJ1 (one leg standing time: OLST) bbi1~1~tJ~b1m1'Llfl11~fl'<il7flbfl7i (5 times sit to stand 

test: 5STST) i1m11J~l.li'Llfin'Um1~m~(?lfl'V'l1'Lll141 t10m:nn1.Tt1i1m1~mnvtmtJ-i1t11~tJY-Ju11 m1 
~ ' 

l(?l';i~ tJ~ b 1m 1 t1m1~t1'U1 b~m bbi1~fl111(?lf'l17l.l b ~11 t1m1 b~'Lli1A111Ji11Jit1Tinum1;,m~(?l nl19
•
221 

i1vt~-i 
~ 

fl1';j~fl'\11'V'lU11 ';j~tJ~blm 1 'Llfl1';i~'Ll'U1b~m~1\911.J€ltJfl11 60 1'Ll1'Vli1lJi'LlfiflUfl1';ii;,(?li;,-l'lJ€l-l Speed of 

sonography 1'Llfl11~';i1'<il calcaneus QUS Bflv71tJl231 
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'U'Vlvi 3 
Clt..c::I O Q. .Cit, Q.I 

15~1 b titin1"J1\IEJ 

~'Ubb'l.J'l.Jfl111~t.l (research design) -:J1'Ul~t.lbb'l.J'l.J(ilv1'LJ17-:J (cross-sectional study) 

3.1 'lh~"ll1n"J 

'U1~'/l1 mJ-:i b '\/'H'1'/l1 tJ bbfi ~ b VH'1VlnJ-:J ~lJ t'U~ 1tl fltl1 ~ t.J 1 'U b 'LJ(,] b VI 1"1'l.J1f1 bifo-:i bb?l'U?l'LJ ~'1Vl1 vl'ilfi'l.J ~ 
V S S 

'<il'1'U1'UJ-:ii'U 46,217 A'U 1v1t.JiJ'lJ1~'/l1mm~ 40 tl~-:i 59 tJ '<il'1'U1'U 6,235 A'U (-:i1'UV1~bDtJ'U11~D1 

'VB:i.rn ru ll'Ut.l1t.J'U 2559) 
'\J 

3.2 mi:ui1e1~1.:ibb6'1~~h..1i1e1~1.:i 
' ' 

rn'lJ.J(il1B81'1 'U1~'/l1m1VltJ1t.lflB'Ubfl~t.Jru~ilenm~Vl11'1 40 tl~-:i 59 tJ J-:ib'\l'Jl"1'il1t.lbbf1~b'\flJ1"1 
' ' 

VlnJ-:J~lJt'U~1tlfltl1~t.l 1 'Ub'LJ(,] b Vll"1'l.J1f1 blJB-:J bb?l'U?l'LJ ~ b'V1~1&-J 1A1-:Jfl111~tl1~Vl11-:Jb~B'Ufl&JJl1i'Ll15 '\l'J.1"1. 
V S S 

2561 ~-:Jb~B'Ufl1flD1A&-l '\flJ.1"1.2561 

fl11fl1'U1 ill'V'U1v1 (1]1 B 81-:J 

fl11~ fl~1 A -¥-:im 'ti fl'1&-l\911B81-:J zj-:Jfl1'U1 ill'LJ'U1 vi (1]1 B 81-:J'U1~'/l1 m 1 VI t.ll t.l fl B'U bfl~t.l ru~il 
' 

el1t.l1~Vl11'1 40 D~-:J 59 tJ J-:ib'\l'Jl"1'/l1t.lbbf1~b'\l'Jl"1Vlru-:J 1v1t.J1'tl?l(,]1'LJ1~&-l1rufl7Jv1~1'U'U1~'/l1fl1 
S V '\J 

(Cochran, W.G., 1977) 

1vit.Jfl1Vl'Uv1 
,., 

z~xp(l-p) 
2 n=-------

d2 

CV V I 2 a= .05 v1-:i'U'U r11 z (J.,/2 = 1. 96 

p AB wn&-1~fl'VB-:im1~~t1Jb~m.n~flii'1mdB'VB'1'U1~'il1m 1 vmJ-:i'il1mbfi~Vl~-:i 1 'Llflzj&J 

el1~ 40-59 tJ ~'\l'J'l.Jfl1A11&-l~fl{Bt.Jf1~ 38.31 (23) ~-:J1!'U p = 0.3831 

d AB r11r111&-1r1mv1bA~B'Ll1'Llm1'lJ1~mrur11 n1V1'Uv1 d = .05 
,., ,., ,., 

O V I .::::,,,v ..:::,/,i,./ I Q..J I O Q.J.::::,, Q.Q.J 

'il1fl?\(,l'jfl1"Jfl1'U1 ill'U'U1 v)(,110 t.l1'1 '11'U1'ilcl'U(,]B-:J flTrnm.J \,l1EJcl1-:J'il1'U1'UVl-:J?l'U 364 11 cl '11'U1'il cl 
'\J ' 

'il~'Vl1fl11bn'l.J'VmJ~'il1flfl~&J(il1B81-:Jb'~:l..Jb'U'U 400 11m~m~m'.fo-:ill'Ufl11bn'U'VB&Jf111JmuVl1fllJ 
'\J ' '\J 

fl11A v1 b~B fl fl~&-] (il"JB 81'1 
' 

1i15fl11b~Bflflzj&J\911B81-:Jbb'U'l.JU-:Jb~t1) (Accidental sampling) 

bflill"Vl fl11Av1 b 'V1 

1. 11J bAtJ 1~fum11u'i15c.Jm1~?1ru b~c.Jm~flii'1&-1b-d'B m1~m~v1flu1-:i bbfi~m~v1fl'\l'J1'U 
'U QJ \I 'U , 

' mmm 
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2. 1lJLr1tJiJ'\J':i~1~ L~m~elfl1':iV-1~v1(,) nVtnii':1.J 1 m~Vt11-:imTv1v1?1el'\J L-U'U hr1-1f ele!m?1u . 

LUtJ'\JV-l~'U Bl.JV-17(,) n~1mdeleJel'Ubb ':i-:J m~v1n~'UVt~-:iv(rni;1'U'\J':i~?11'Vl hmX1 lilbbfl~ 
" 

3. 1lJLr1tJiJ'\J':i~1~ fl1':i1rnh~'Vll'UtJ11n~11 ':ir1m~v1 flV-l':i'UVt1ell(,)7il'LI~m nel'U 
" ' 

4. ?lll.J1':iflb~'U lffiv1t.i llJ(i)el-:Jl'libA1m-u1m~'Uel81-:JtleltJ 6 bl.J(,)';i 

5. ?l1l.J1':itl~el?l1':i\711tJJ71~1 l 'VltJ~,:jfl1'jV,jv) fl1':iv1-:i bbfl~fl1':iel1'Ul\71~ 
" 

6. 1lJiJm1~1"111l.J"il1b~ell.J 

7. 1lJiJ'\J':i~1~m~v1n-if m vf 1in 1 'U-d1-:i':i~t.1~nm 1 tJ~~1'Um 
" 

bfl D.!61'1 fl1 'j Av1 el el fl 

1. ~~ilm fl1':ib Vt~eltJVt1eliJ'LJel"il1nv1~1lJ?11m':it1~1 L 'W'Ufl1':i(,)':i1'<il'<il'Ul"1'a'\J 
" 

<al ., 

3.3 nTHnU':i1'U':i11t"l.le:i11r;1 
"' 

Lfl1e:i~iiel~b -iii, 'Wn1':i LnU-tiellJi;i 
"' 

1. bb '\J'\J?lel'\Jtlll.J'LJelljfl~11 '\J fl11l.J b~tl-:J'Vl1-:J\"1~'Wn bbfl~V-lt]~fl':i'jl.J'lJ~1.nr1mVt1':i~iJbb\"1flb61itJl.Jbbfl~ 

1(,)7iJ'U~ (belfl?l1':ibb'U'\JV!l.J1tlbfl'U 1) 
.., 

2. LL uu?lel'\Jml.l ri'vi mel-:im1~?1ru L~ tJmfl ni11:1.J L -u €1 
" V 

l'libb '\J'\J?l€1'\Jtlll.l'll'Wv1 SARC-F scorer101 zj,:i'\J':i~fl€1'\J 1 '\JJi'1 tJ'LJ€1l.lfl\711'Ufl11l.lbb ~-:Jbb ':i-:J'Uel-:i 
" 

ni1m-d€1 (strength) 1"111l.l?l1l.J1':itl 1 'Llfl1':ib~'U (assistance in walking) m1:1.J?11:lJ1':itl 1 'LI 

fl1':iflfl'<il1flbfl15Vt1m~m (rise from a chair) m1:1.J?l7:lJ1':it11'Ufl1':ib~'Utw.:r'U1v1 (climb 
' 

stairs) bbfl~f111l.J~'U€1-:Jfl1':iV-l~~(,)fl'Vtflil.l1'UtJ~~1'U:lJ1 (falls) 1vitJAtbb'U'U€18':it'Vt11-:J O -10 
" 

r1t LL 'U'U ~?l-:im tJ~i'.11-1~ LL 'U'Ul.l1nn11 4 Atbb 'U'U'<il7 n fl1':i'U':i~Lil'LI'<ilt 1Ji'{u fl1':il'W'<il~tJ11ilm1t 
"" ' ,., ... ,., "" 

?l ru b?l tll.Jli;, flflll.l b 'U€1 
" V 

3. fl1':im1'<illv1?lm':it1Jl1V-l'Vl1-:Jfl1tl (Physical performance test) 

m':im1'<il1v1?1m':it1Jl1V-1'Vl7-:Jfl1tJ'Lh~n€1u 1 uJi'1tJ 4 16 '9i'-:id 

3.1 16 TUG A€! 1 vf ~?l-:Jel1m!-:ibn15 b~elb~l.JV11fl1':i\91':i1'<il'<ilt11-:Jbf775Bfl'Vt~-:J\i111 Vl'\i11-:J 
"" ' 

'<il1fl~'lhtJ':ittJt 3 bl.l\91':i '<il1m!'U'U€1fl 1 Vl~?l-:Jel1tlflflt'U~'Ubbi1L~'U1'U l 'U~bn151111'9i'-:in~11 
'U 'U'U 'I 'I 

bbi;'lt b~'Ufl~'\J:lJ1~'<ilv1b~l.l 1vitJ~'\J b 1fll~-:J bb~~?l-:Jelltl~'Ut'U'<il'Ub~'Uii-:J bfl151111 b~l.Jbbfl~ 
'I 'U'U 'I 

':i7tJ-:J7'Ut:-im 'U'Ul'U1vi 1 m1B-:im7l.l l 1 (sensitivity) bbl;'ltfl11l.l"ll1 LV-11t~€1fl1'a\91':i1'<il 

(specificity) Bruno Prata Martinez(4l 1Ji'Pln~1lTI'UU 20151'U~'\J1tl 68 1"1'U~iJm~ 

bu~tl 70 ti H'r11 cut off value~ 10.85 1mvi 1Ji'r11m1:1.Jl1Ael{€1tJfl~ 67.0 bbl;'ltf11 

fl11l.l"il1bV-11~~1€1{€1tJi;,t 88.71'U-:J1'Ul~tl'Uel-:J Steffen TM (6) 1Ji'r11m7l.lllbbfl~ 

fl11l.J"ll1 b V-11tel8VH€1tlfl~ 87. 0 
" 

3.2 16 6-m gait speed A€116fl1':im1'<ilA€11vf~u1m~'Ub'Um~cJ~'Vl1-:J 6 Ll.lmLL611~'\J 

L1m1-ff1~tJ~L1mLvh1wi 1v1m1c1-:i1'UVtU1tJL'U'Ubl.lm~el1mvi 

3.3 16 OLST A€11Vl~'\J1cJ~'U\711cJ'U1'LJ1-:Jb~cJ11Vl'U1'U~?lv1 bb'U'Ubb'U'\J1;11\i11 bb1;11~'\Jb1fl7 
" ' 

b 'U'Ul'U1vi 

3.4 16 5STST A€11 Vl~'\J1cJfl€1v1€lflbb611i;'lfl'<i)1flbfl15 5 r1t-:i~v1fl'U 1 VIL ~1~61v1 ~'\Jb1fllb 'U'U 
" ' ' "" ... 

1'U1'Vl 

8 



,., 
4. n7'Jm1'11(i)fl17l.Jbb~..:Jbb'J..:J"U€l..:Jni1:wb'U€l (Muscle strength test) 

n7'J~'J1'11(i)fl17:Wbb~..:Jbb'J..:J"U€l..:ini1:wbdm.h:mmJltJi;\1c.1 2 15 AB m1'11(i)fl17:IJLb~..:ibb'J..:J"U€l..:J 

ni1:wb dB bb "U'Ubbl;'t~ni1:wb d€l"U1 1(i)t.1i115m'J~'J1'1~..:i-d' 

4.1 m'Jm1'11(i)fl17:Wbb~..:Jbb'J..:J"Umni1mdmb"U'U1-ffbfl~€l..:i1(i)bb'J..:J'UU:W€l (Hand grip 

dynamometer) n7'Jm1'11 ~~'U1m!..:J'U'Ubn1i 1.ff bb "U'U'V1..:J~t11J(i)bb 'U'U:U(i)~11'11 bbl;'t~..:J€l 
" 

'V€lfl€ln 90 €J.,:jfl1 '17m!'U 1 'ti:W€l'V1..:J b~t.11 fl'U'U'Ubfl~€l..:J1(i) bb 'J..:J'U'U:W€l\;11 t.lbb 'j..:J~b~:IJ~ 

'J1t.1..:J1'UVl'U1m'll'Unfanf:w n7'J~'J1'11~~'J1'1 3 flf..:Jbbl;'t~b~€lnrh~~~~(i) ('J'U~ 2n) 
' " 

4.2 m1'11(i)fl17:IJLb ~..:Jbb 'J..:J"U€l..:ini1m d€l"U7 t-ff bfl~€l..:J1(i) bb 'J..:J b Vl~cJ(i)"U7 (Leg 

dynamometer) n7'Jm1'11 ~~'U1m!..:i~€lt.l"U1 '17m!'U 1.ff ~'\.Jmrum1'11(i)11..:J~VliJ1bb'V..:J 

"U€l..:J~'U1t.1bbi11 ~~'U1t.l'VW1t.11:IJ b Vl~t.l(i)"U11 ~~(i) 1(i)cJ~'U1 t.l~'J1'1'VW1t.11:1Jt,11'Ubb 'J..:J"U€l..:J~'U1t.l 
\J 'U , \J \J 

1 'ITT~:IJ1n~~(i) 1(i)t.lbf1~€l..:J'1~'J7m7'Ubtl'UVl'U1t.lnfanf:w n7'J~'J1'11 ~m1'1 3 flf ..:Jbbl;'t~b~€ln 
' 

fl1~~~~(i) ('J'U~ 2"U) 
' " 

'J'U~ 2n 'J'U~ 2"U 
" " 

m'Jl'U'1Ut.1J111~ml;'tni1m d€li1Bc.11.ff brnu"V1n1'Jm1'1 bb 'J..:iuu:wmbl;'t~V1~€lm1:wb ~11 'Un7'Jb~'U 1(i)t.1i1 

fl17:IJ~(i)'\.Jn~m.h..:i1(i)€J~7..:iVl~..:i V1~€l~..:J~€l..:J€l~1..:i~1:w"U€l..:J AWGS (~1'J1..:i~ 1) 

Low muscle strength 

Handgrip strength* 

Low physical performance 

<26 kg <18 kg 

6-meter usual gait speed s.0.8 mis s.0.8 mis 

m.nmVI~ *AWGS recommends using the lower 20th percentile of handgrip strength of 

the study population as the cutoff value for low muscle strength before outcome-based 

data is available. 

5. n1';i\9l';i1"1flfl11:IJ'Vi'U1bb 'U'Un':i::flmi'Ub'V11 .. 
n7'J1(i)fl11:IJVl'U1bb'U'Un'J~(i)n~'Ub'Vl7\;11t.lfl~'Ub~t.l..:Jfl11:IJ~~..:i1.ffbfl~€l..:J QUS (Achilles EXP II, GE 

" " 
Healthcare, Madison, WI) n71bb'Uft~ftfl7fl17:IJVl'U1bb'W'Um~(i)n'1~1-ffA7 T-score i1wfo~'ll1c.1~mc.1 

" " ' 
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50 tH1u hJbb~~e'.rvtru-:i~r11i-n1J:J.J~Vt1el'\/t:J.J~'Uj~"il7b~el'U r.'11'Uf17 Z-score ~~ 1·fo 'U~~rn1 'U~'ll7tl~el7mi'm.1 
'lJ V 'IJ q 

fl17 501Ffiu1ubb~~~vtru-:i~iJ'Uj~"il7b~el'Uel~ \;17Vt1Ub'VH'1Vtru-:J Vt7flf17 T-score <-LO Vt1el Z-score <-
'U V 'lJ V 

2_ o ~~ 11'71'\J fl7jl'LI~Utl17fl17:J.JVt'U7 bb 1..lum~~n~1n11bmu-nvt1e:iiJm1~m~~nu1-:i r.'11'Ub Y-Jf'l'll7 tl~~ 1#i'{u 
'U 'U 

' 
f17jl'U~5t111iJm1~m~~fl'U7-:JblJeJA7 T-score Vt1elf17 Z-score <-2,0 

'U 

'\Jj'Y-J7 
'U 

~d ~ ii 

16n1'Hn'U':i1'U':i11J"llel11~ 
" 

l, 'LJj~'lJ7i:J.J~'U5'1flj-:Jf17jli tl 1 tJtJ-:JVtt!1tl-:17'U'Uel-:J 1 Hl1~tl7'\J7~:J.J'\/111'\/I tl7itJ'\Jj'\''l7 b 'Vlf'l'U7~ 
'U 

blJel-:Jbb?l'U~'U b-:i b~tl'U 1 'l.Jb 'U~ b 'Vlf'l'U7~ blJel-:J bb?l'U~'U bb~~'\/11..!1 tl-:17'U~'U 1 ~iJfl17:J.J?l'U h 
2, i~n~mj:J.Je)'\Jj:J.Jfl17:J.J1b~el-:Jfl7jf.'1,:j b?l~:J.J?l'U.fl7Y-Jflti'7:J.J b de:i bb~~ m~~fl 1 Vlfl'U'\/tt!ltl-:17'U~ 

'U ' 'U 

?l'U1~ j1:J.J~-:11'\J?\lJflj'LJj~'1J7'1l'Ub i111:J.J-:J7'Ulitl 1 'Uj~V!17-:Ji~n~mj:J.Jv),:j mh1 

3, ~ b i111:J.J1i tl~ ~7'l.Jbfl rusn fl7 j A~ b -ih~ ~ 1#i'fu fl 7j elfi'U1 tl ~-:11 ~tl'Uj~?\-:1 A bb~~-rre):J.J ~'U e),:j 
'U ' 'U 

-:17'U1~tl~7fl~1~tl jl:J.J~-:1~~ 11'71'\Jfl7j'1Je)fl17:J.J~'Utltl:J.J bb~t~-:J'U7:J.J 1 'Ub€lfl?\7j'1Jtlfl17:J.J 
'U 

~'Ul:JB:J.Jb ~B b i111:J.J-:11'Wl~tl'VI m1t1 
' 

4, ~b i111:J.J1i tl~t 1#i'fomji:J.Jm~ruiB:J.J~~Wo7'Ubb~tiB:J.J~ 1 'Wbb 'U'\J?\e)'Utl7:J.JA~flje),:j 
'U 'U dJI 'U 

.fl71t?lillb~tl:J.Jl~flii'7:J.Jb'l1€1'1l'LI~ SARC-F score ~1m!'U~t 1#i'fomjm1~?\mjt1.fl7'V'l'V17-:J 
'IJ V 

~ ~~ . ~ 

fl1tl~1tl15 TUG, 6-meter gait speed, OLST bb~~ 5STST ~j1~f117:J.Jbb'U-:Jbbj-:J'lJ€1-:J 
V I I V 

fl 617:J.J b 'LI e) 1'71 tl bfl1tl-:11~ bb j -:J'U'UlJtlbb~ t bfl1 eN1 ~ bb j-:J b Vt~ tl~'U7 jl:J.J'Vl-:J\?lj1~1 ~ fll 7:J.J 
' V 

Vt'W7bbt!'Umt~fli'Ub'V17~1tlbfl1e)-:J QUS j~tl~b1mfl7j~:J.J.fl7~illbb~~fl7j\?]j1~'Vl-:JVl:J.J~ 
'U 

'LJj~:J.J7ru 30 'UTvi 

5, iB:J.J~~7 flfl7j~:J.Jm~rubb~~f17j\?jj1~1~~~ 11'71'\J fl7jj1'\Jj1:J.J bb~~'U'Wvifl 1 'LI l 'Ujbbfl';i:J.J 
'U 

excel b~m111 u1bm1~~·vn-:1?1i;\~v1B 1 u 

3.4 n1'~1bfl':i1::~'tlel11~ 
" 

L 1 bflj7~~iB:J.J~~'U\i7'W'Vl7-:J1'77'U'Uj~'1J7ml'71 ti?li;\~b ;a,:iY-JjjtlJ'U7 1#i' bbn '<i\'1'U1'Ubb~dBt1~~ 
'U "" 

J1wf 'U IP11 bb 'LJj'<iJ 7 bb 'LI fl fl'1:J.J bb~t f11 bu~ tl bb~ t f17f.'11'U b ~ tl-:1 b 'U'W:J.J7 m\i7'UJ7Vtfo1Pl1 bb 'LJj 
' "" 

bb uu\91m ~m i;11Vt1Ufl'HU~~1 bb U";ibb '\J'U\91m ~e:i-:i h]iJmj bb~ fl bb~-:Jbb uuufl~~t1 bflj7t~ 

1'71tlf17:W5tl1i1'U r11~~tl bb~tf17 inter-quartile ranges 
V V 

2, 1 bm1t~eJ m1 m 7:J.J'll fl'UB-:J.fl 11t?l rub~ tim ~ flii'1:J.J b 'LIB bb~t m1 ~m~ flii'1:J.J b 'UffU e:i ti 1'71 ti 
S 'IJ V 

fl1j'LJj~:J.J1rur11i ~r.'11'U'Uel-:J fl7j bfl ~ b Vt\?! fl7j ill Y-J1tl:J.J~1 tl'U1-:Jfl17:J.Jb ~tl:W'W 1€1 tl~~ 9 5 
' 

3, 1 bflj7t~fl17:J.J b 'U'Ub dm~tllfl'W (homogeneity) 'UB-:J~ruifl~rut'Vl7-:11'77'W'Uj~'ll7 m 

jt'\/117-:Jfl~:J.J'Ufl~ (normal) nun~:J.J~iJm1~m~nii'1:J.Jb'l1m1Btl (sarcopenia) l'lltl?li;\~ 
' ' 

independent t-test 611vtfoi11bb'Ujtl1~ bb~t?lf1~ chi-square test J1Vtfo~lbb'Ujb'V'Jf'l 
' ' 

?ltl1'W.ll7'V'l?lm?l fl7j~fl~7?l-:J?l~ f'17?l'W7 bb~t~fl~rut-:J7'Uvit!-:J:J.J7flfl17 4 '1l:J.J, 
'U ' 

4, b 'U~tl'Ub viti'UD~~ m~tJ-:JjtVt17-:Jfl~:J.J'U fl~ (normal) nufl~:J.J~iJmlt?lru b~tlm~ 
'I, 'I '\J V 

flii'7:J.Jb'l1B (sarcopenia) 'Uel-:Jfl17:J.Jb~l:J-:J'Vl7-:Jfl~'Wfl 'LJjtl~fl7jY-Ji~\?lflVtflii':J.J Y-J~~mj:J.J 

'll11.nrimvt7";i~:W bbfli;'! b61JmJ bbi;'!~l(,n:wu~ fl7j~1J bri~e:i-:1~11~:wmb 'V'lB'U fl7j 1~-su bb?l-:J bb~~ 
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(,)eJl'W 'V'J~&\m1:wu-:i1 'Wel'W'l #l'lJ'U:WTflnltl fl~bb'W'W SARC-F A1 TUG A1 6-meter gait 

speed A1bb':i-:J'UUiJeJ A1bb':i-:JbV!8tl\?1'U1 A1 Five-times sit to stand test A1 one leg 

standing time bbfl~A7fl11:WV!'W1bbt!'Wft':i~~n~'Wb'Vl1 ~ltl?lt1&\ independent t-test 

?11V!1'ui1bb'lhb:U-:itfimru bbfl~?lt\&\ chi-square test ?17V1foi1bb'U':ib:U-:ir1rum'V'J 
' 

5. i br111~'Mm1:w?l':wi'Wi1~V111-:iulil~ t.1 b~t.1-:i~1~u 11 me:iu bb 'WlA1?1nu.n11~?1ru b~t.1:1.Jlfl 
9 ~ V 

"' 
m11mtle1~1t.1?1t1&i logistic regression 17t.l-:J7'W~'1~1tlf17 OR 'V'J~el:W~ltl'U1-:Jfl11:W 

' ' 
b61!mJ'W{elt.1'1~ 95 

6. 11 t.l-:J7'W~'1 n111 bf117~'M'Vl7-:J?lt1&i~1t.1ri1 p-value bbG'i~fl1Vl'Wl?11~\ilUUtl?l7A'l:!'Vl7-:J?ltl&i'Vl 

0.05 

3.5 ';i~fJ~b'Jmn1':i1~fJ 

b~el'W~'11f1:W 'V'J.1"1.2560 i;i,:i b~el'W~-:JV!1fl:W 'V'J.1"1.2562 
' 
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d 
'U'Vl'VI 4 

~irlnTfjiuuir1~e>!1tl-a1u~ir1 

4.1 ~ir1n1-a1iu 

'11'Ul~t.JiliJ~b'V1'i1:Wbf1';J-'Jfl1';i1~t.llil1'U1'Ui-1i'U 372 11t.l el1t.lbu~t.l 49.3 U (ent.J 6.1 u) ?11'U 
" ' ' 

1 Vlt:Ub 'll'Ub '\f\lP1VlW-'l ( {eJ t.JG'i:; 82.1) hlilerb -v1-i1:w 1m-1m1~rinr1~eJeJn'<i:17 fN1'U1~t.l 
V V 'U !V ~ 

r111:W'lln6/JeJ-'l.f111:;?lrub~t.l:IJ1G'im\'1mueJ{eJtJG'1:; 13.4 (95% Cl: 10.0 - 16.9) bbG'1:;r111:w'1ln'LJm 
'I 'lJ ILJ 'I 

m1:;m:;~nrn-1feJtJG'1:; 25.5 (95% Cl: 21.1 - 30.0) 
" 

-ueJ:WG'i~'U\i7'U'\f\lU17n~:wmG'in-a1:wbilm:ieJt.JiJeJ1t.Jbu~tJ?l-1n11n~mln~eJ~1-1i1ii'tJ'11r1ruvi1-1?1(\~ 
'U <'1.11 'I 'I 'U q V 

(52.7u (5.8), p <0.001 *)bbG'1:;fBtJG'1:;n11ialm~1~-1~~~1n11\f~t1:1t1:J1~1:w1nn11 (62%,p =0.03) ?11'Ub'\f\lP1 

?lm'U.f17'\f\l?l:1J';i?l \317?l'U7 bbG'i:; i;ln'\~ru:;-11'Ub:WlJr111:IJbb~n~h-1n'UV11-'J?l(\~ ~'1~111-1~3 

mt.J (u) 
' 

?l m 'Ll .f11 '\f\l ?l m ?l 

1?1~ 

i;'l:IJ';ii;'l 

VllJ1t.l/Vl~1 

m1ialrrtn?l-16'1~ 

\317?l'U1 

" ' 
tl1'll/th61/~1n11tl1t1:1t1:11~1 

'U1t1:Jt1:)1~1 

'U1t1:Jt1:)1bVl 

'U1t1:Jt1:)1bBnVl~el\l-1 n11 

(n=322) 

48.8 (5.9) 

264 (82.0%) 

58 (18.0%) 

83 (25.7%) 

192 (59.6%) 

47 (14.6%) 

131 (40.7%) 

99 (30.7%) 

65 (20.2%) 

27 (8.4%) 

313 (97.2%) 

8 (2.5%) 

1 (0.3%) 

134 (41.6%) 

., 
'Uelt.l 

(n=50) 

52.7 (5.8) 

42 (84.0%) 

8 (16.0%) 

18 (36.0%) 

25 (50.0%) 

7 (14.0%) 

31 (62.0%) 

10 (20.0%) 

8 (16.0%) 

1 (2.0%) 

46 (92.0%) 

4 (8.0%) 

0 

21 (42.0%) 

p-value 

<0.001 * 

0.729 

0.307 

0.030* 

0.959 
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Vl:IJ1tn'VI~ ~n&\ independent t-test ?\'1V1~\Jlfllbb'lhB1~ LLmi~n&\ chi-square test ?\'1whJlfllbb'U'H'\Alf'1 

~m't.!m'l"l~m~ m1P!m'.l1~-:i~t,1 f'11~m LL;;i~Jn'l'.lru~-:11\!~tl-:imnn-h 4 'il'11m 
~ ' 

a : r11mrurh p-value LL'\.J'\.J 2X21lY1t.J.J1Lb\!flfl~:lJ 1) "1Vl'B bbi;l~ 2) ri~~~bbi;l~B~m:w 

L~eJflf1'jj-7~,l'U'<il~m~tJ-:ivn:ir1~un'V'!u11 mmJ1nn11 50 ti n11rin'jj-1?1-:i?1~~1n1Tt.ffomn"1~ 
'I \J 'I Q./ V 

?l:)Jjjfl.f11'V'l'\/11-:Jf11cJ~~1f111 (TUG LLi;l~ 5TSTS) fl11lJLb~-:JLLj-:J'!JeJ-:Jf1ii'1iiLiimL'LJ'WbL1;l~'Ul~i;l~i;l,:J (Hand 

grip LLi;l~ leg strength) Lb1;1~.fl11~ m~~nrn-.:i L'U'Wm1m~cJ..:J'\/11..:Jfl~un~'V'l'U 1 unzjiim1;1 nii'1ii L dm!eJcJ~ 

LLl'lf11911..:J'<il1f1f1zjiiun~mh-.:iihlmh•rt1j'\/11..:J?li:\~ (p-value <0.05) 

?i1m 'V'l\21 m1ii L~m'Vl1-.:ir1~um~eJ-.:im~~ n'V'l1'W f111'V'11;1~"1 nvmii'ii 'tf\ln&\m1iin11fotJ1 ~'\/17'W 
" ' ·1 ,., 

Q.I -=i,_ V .c:,j Q.I i.l o::::!:rl i.l j.J 

el1Vl11 f11jj'ULL?l-:J LL~~ f)'<i) f)jjlJ'\/11..:Jf11cJ ~'ll'WlJli;l f11 cJ LLi;l~f11jfl(71 me:i-:im1~m1;1nmii L 'WeJ'WeJcJmcJ 

SARC-F score LL1;1~.fl11~m~\71f1'tf\11'W~1cJ KKOS score 1:iJ~m1mL"1f1~1-:J1l'W'\/11-:J?lt1~ \i1..:J"1111..:J~ 4 

d 
"1111-:J'\/l 4 

ellcJ <50 ti 
q 

m~ 50 tltu1u 

L'V'll"l 

r111iiL~cJ..:J'Vl1-.:ir1~un 

" ' 

m~ ~ nV1n'<il1 n m1m tJ11 ~u 1-.:i 
" 

Dm/m1mm:::~n?1::: 1 'V'ln'Vln 
" 

Vl~..:JVllJ\71'U1~~1L~eJ'Wfltl'W 45 ti 
'\l'l'i;1~"1f1Vlf1ii':iJ1u1~cJ:::L11;11 1 U~~1'UlJ1 

Vi tj~ f1 jjlJ'U~1.fl fl el1Vl11~~ Lbfl i;l L ~ cJlJ Lbi;l~ 

1"171J'U~:Wb~cJ..:J'V'leJ 1 'Ubb~1;1~1'U (P<24.9%) 

f11j~lJLfl~e)..:J~lJ~~fl1L l-JB'U (Y /N) 

1~1'ULL?l..:JLL\71~1'U~1..:JL11;11 11 'U-15'U 'UeJcJ 

vi?!~ 
q 

V'ltj~f11jlJ\J..:J1 'UeJ'W1 

(sedentary life >4h/d) 

f11jrl~f)je)..:J 

SARC-F risk 

KKOS risk 

(n=322) 

174 (54.0%) 

148 (46.0%) 

264 (82.0%) 

58 (18.0%) 

29 (9.0%) 

24 (7.5%) 

30 (11.4%) 

34 (10.6%) 

69 (21.4%) 

219(68.0%) 

88 (27.3%) 

67 (20.8%) 

24.5 (4.3) 

11 (3.4%) 

33 (10.3%) 

., 
'We) cJ 

(n=50) 

14 (28.0%) 

36 (72.0%) 

42 (84.0%) 

8 (16.0%) 

6 (12.0%) 

6 (12.0%) 

9 (21.4%) 

6 (12.0%) 

11 (22.0%) 

31 (62.0%) 

15 (30.0%) 

6 (12.0%) 

25.1 (5.2) 

4 (8.0%) 

8 (16.0%) 

p-value 

<0.001* 

0.729 

0.500 

0.272 

0.062 

0.760 

0.927 

0.400 

0.6945 

0.695 

0.374 

0.125 

0.227 

13 



Physical performance 

Time up and go (TUG) 8.5 (1.3) 9.3 (1.4) <0.001 * 

6-meter gait speed 

Five times sit to stand test 1.3 (0.3) 1.2 (0.5) 0.049* 

one leg standing time 10.8 (2.5) 11.6 (3.5) 0.048* 

26.8 (6.2) 25.0 (7.9) 0.067 

Muscle strength 

fl7bb':i-:ID'U:IJ€l (hand strength) 26.5 (6.6) 17.2 (4.6) <0.001* 

fl7bb':i-:lbV!~tJ\91'1J7 (leg strength) 

16.3 (6.6) 12.8 (3.5) 0.0003* 

m1 ~ m~ \91 nu1-:i 75 (23.3%) 20 (40.0%) <0.001 * 
SJ 

Vllnt/b'VI~ 

rirum'V'l 

?iii&\ independent t-test ?11V1fo())'JLb'U'ibi1-:n.J~mru bbfl:;?fi'\~ chi-square test ?11Vlfo()11LL'U'ibil~ 

b~m.h\'.h1im~mm1br111~~(;1ltJ logistic regression '\'\l'\J17 m~~mnn11 50 tl, ':i~~'U 

m1ialn'l11?1-:1?l(i1~~1n111Jhu ru1~1, f11':ii;'l\91i;'l-:1'1JB-:in1~-:ini1:wb dBiJB bbG1~'1J1 bbG1~m1~ m~\91nu1-:i iJ 
'U q V V '\.I 

m1:w~:w~'l..!i5fl'U.fl11~f1iA'7:wbdm'.iBtJ~ OR ratio 3.02, 2.38, 0.60, 0.88 bbi;'l~ 2.20 ~1:wJ1~u ~-:lbb?\(i)-:!11..! 

~1':i1-:l'Yl 5 

~1';i1-:l'Yl 5 

regression 

mtJ 50 tJ:ffuhl 
' 

fl1 'ai-1 fl'\11 'U1't1/'U1 ?I/~ 1 fl11'U~t!Jt!J1 

~~ 

.., 
m ~ \91 f1 VI fl 

SJ 

,., ,., "" m i;'l nm mu €1 

'Uf1~ 

(n=322) 

148 (46.0%) 

83 (25.7%) 

131 (40.7%) 

29 (9.0%) 

24 (7.5%) 

30 (9.3%) 

.fl11~:IJ1i;j OR (95%CI) p-value ,., ,., "" ,., 
f1 m :w b 'I..! €11..! €1 tJ 

(n=50) 

36 (72.0%) 3.02 <0.001 * 

( 1.57-5.82) 

18 (36.0%) 1.61 0.133 

(0.86-3.04) 

31 (62.0%) 2.38 0.0006* 

(1.29-4.39) 

6 (12.0%) 1.38 0.500 

(0.44-3.64) 

6 (12.0%) 1.49 0.403 

(0.48-3.96) 

9 (18.0%) 2.14 0.062 

(0.83-5.03) 
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,., 
f17 'J fl \9l f1'j tl ..:i 

fl~ll'U'U SARC-F (4 up) 

KKOS risk 

Muscle strength 

' "" .. 
fl1ll'J..:J'\J'\Jlltl 

' "" fl 1 l6 'J-.'.l 6 VI 8 8 \?l 'LJ 1 

m1~ m~\?lnu1..:i 
'U 

VllJl!'Jl Vl!iJ 

At\.l.f11"v'l 
' 

4.2 el.fl'U~1tl~~ 

11 (3.4%) 4 (8.0%) 2.46 0.125 

(0.55-8.72) 

33 (10.3%) 8 (16.0%) 1.67 0.227 

(0.62-4.00) 

26.5 (6.6) 17.2 (4.6) 0.60 <0.001 * 

(0.52-0.69) 

16.3 (6.6) 12.8 (3.5) 0.88 <0.001* 

(0.83-0.95) 

75 (23.3%) 20 (40.0%) 2.20 0.012* 

(1.11-4.26) 

,., ,., ,., 
'<il7 nm 1~ f1'\j11 ~ 8 fl{ ..:i-u'l'lu11 fl171l'll n'1Je:i..:im1 ~mi;'! nJ111l'UBt!e:i86li;'t ~ n 'J~\?l nu1..:i?1e:i\?l flJ e:i..:i nu 

' 'U 

..:J1'U1~81'Llflf..:ine:i'Ll (Ul'l'Jl~l"!L6i;'t~flru~ (7) 6li;'l~ tl~?l'J1l6i;'t~flru~(8)) 

'l'l'\Jtl18~m n fl17 50 tJ 6 'U'Ll'U'<il~ 8 6~ 8-.:J ~ e:im1~mi;'t flJ111ldelt!e:i86 -dm~ 81 fl'Ll nu 5 m 6~ l"!Lli;'t ~ 
' 

flru~ (7) 

1 m~eMf171~fl'\j1t!'U hl'l'lu 1 'Ll..:i1'U1~8flB'UV!1J1'i1 zj..:Jf\1\?117 m1~fl'\j1~~1fl11tfauru1~~B1'<il'U..:J ., ., 

'\J el fl ~..:J'J~~'\J ll"\'J'\j~?\ tl1'U~~18zj..:JB1'<il 1~{'U?l1'Jtl1V!1'J h] 6 v18-.:J'\'ltl 66i;'t ~'1J1 \?lf\1111,n 'U fl1'J \9l 6bi;'t ?1'1J.fl1'\'l 
~ ~ ~ ~ 

1\91 m:w'l'l1~ mV111~iJ'\.J1~ 18'll'U lli;'l::: m1e:ie:i flfl7~..:i mu 6 ~ el 6?1~11?1-!1..:i flJ111 l d e:i 
,., 

~1'U?lll 'J'Jfl.fl1V\J'\ll 1-.:J fl 18i!'Ll'V'l'\J11iJ fl111l 66~ fl~1..:J tl ~1-.:iiJ,! 8 611 At\J'\111..:J?lii ~ 'J~V!11..:J fl ~111J1fl ., ' 

flJ111lde:itie:i8fl'\Jfl~mJn~ 66~6~€1V11 logistic regression 66i1 hJ'\l'lum111i11-w''Ll6fl'U tl1'<il6'U'LIL'V'l'J7:::fl7'J 

'Vl \91 ?I e:iu?1m'Jfl.fl1'V'l 6 'U'Ll m1'Vl \?l?I el'\J 66 uu e:i..:i fi1111 iJV!m 81-if Vlm 8'U'<il ~ 81 'Ll m 1~ '<il :::'\111 f17'J'Vl \91?\el'\J zj..:i m '<il 

hJ '<i\'1 l '\1'17~ nu m1 \9lll1fl fl ~1116 d el 6 v18-:Jel ~ 1-:16~ 81 l6~'V'l'\J f11111i11i'Lltl'num fl fl 'J~\91 flll1 n fl17 '<il7 rn1'U1~ 8 
,., 'U 'U 

fltl'UV!'U1'U( 14, 19-22) 

J1wfofl11116l~-:i 661-:1'1Jel-:1rn11116 delt!'Ll iJ fl1111J11i'LlITT\918~1-:i 6 'l'l11::: 1.if 6 'U'Ll'Uell'U'<ilU8m1~111fl 
i,I .J' i,I 

fl i;'t11J l 'U el 'U el 8 

~1'Ll66'U'UUWdJ'Ll SARC-F score t!'U hl'V'l'Ufl171lill-W'U5zj..:J6'U'UL'V'l'J7~'<il7rn7'Ll1~8flel'U( 10) 

'l'l'U17iJm11111~1 zj,:im'<il 6 V!ll1~ f7'\Jfl1'Jf1\91 fl'Jel-:l'U'J~'ll1 fl'jfl~lldzj,:i 6 'U'U 11n el'U6fl9j-8f1! 
' 

6lfl~ m1116~ 8-:J'\117-:Jfl~'U fl ~'Ll 1 fi c1-:i hi'V'lu fl1111i11i'UTI~-U\91 l '<il'U num1 ~mfl flJ 1116 d elt! el 8 

6 'ti'U 6~ tJ1 fl'Uzj-:J?lel \?lflJ el ,:j fl'\J,:j 1'U1 ~ 8 flel'Ll(7) 
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d 
'U'Vl'VI 5 

~·rt.J ~ l;ln1';i~1ij mbl;l~"Vel b~'Uel bb 'U~ 
' 

tllt.J~:i..nn n11 so tJ, ':i~lil'Un71fin~1?1-:i1:w1~~1n1T1.J'-fo.J ru1(,ll n11i;wm-:i'Vmn1~-:inrK1m dei:uei 
'l \J <j iJ V V 

bbl;'l~'V7 bbl;'l ~ m1 ~ m ~(,I nrn-:i iJ rn 1:w ?i:W'l~'-t.J5 n'Um1~ nrK1m -u eitJei tJ 
" 

5.2 "Velb~'Uelbb'U~ 

1 'Lln7':i1-;;Jt.J 1 'Llr1?-:ivt°LJTl,'11n 1~n7':i1bfl':i7~~ml;'lniK1:wb dei~1mr1~ei-:i bioimpedance analysis :w1 

b 'U1t.J'U b VltJ'Unun11mT<il?lm':iflfl1'V'JVn-:in1tJ'i1w1ubb 1-:inl11:w b deJ L ~m~\,1.i'U1n11m1\I 1(,)t.Jl;'l(,)fl71-ir~1t.J 1~ 

Yi'~mvt1A1?1:w':i':iflfl7'V'JV17-:Jn7 tJ bbi;'l~ Lb 1-:inrK1:w L deJ 1 'Umimh~'ll1mneJ'Ll1tJ Ln,'.;;-t.Jru b ~eJ-:J\17n 1 'Ll 
' 

-:i1'U1~t.Jffi -irA1'LJB-:i~?1-:imt.Jm\lvi11 'l½A1rn1:w'lln bib tl'U 1 '\.J(,11:w\l~-:i 
'U'll q <j 

Yi'~'U1n7':i 1 '\½rn7:W1b~el-:J lfi'll'U1n7':i bb'1~Vl1':ielelnfl7~-:Jn7t.J1 '\½nun~:wb '\J1V!:!J1t.J 
" ' 
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'U ' 

I A C, 

b:1.J\rlj\rlel1'U1'VI 

nfani:i.J 

nfani:i.J 

"" "" 1'U1'VI 

"" "" 1'U1'VI 

□ 1~bfltl □ bfltl "j~'Y (t11'm1u) bbflm6/JtllJ / 1~1iJ'U~ / 

e1eifL1J'W'Vl~bb'Vl'U / tl1 Bisphosphonates / ~'U1 ....................... . 

fl1 T-score ............................................. . 

fl1 Z-score ............................................... . 

KKOS Score LJ low risk LJ high risk 
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