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Development of longevity fitness age for successful aging in elderly

Eunji Jung', Bohee Kim', Kyungae Kim', Hyunmin Choi', Joonsung Paric,
Kiyoji Tanaka’, Songee Jung®’, & Hosung Nho**
'Kyunghee University, Silla University, *Tsukuba University, *Wellness IT Association & Coop

[Purpose] Evaluating the aging of senior and providing optimal sevices are important things for
successful aging. This study identified functional fitness related with heath of aged 65 years or older
and developed an age scale (longevity fitness age) for assessing their aging. [Methods] Participants were
458 older people (166 male, 292 female). They were divided into healthy group and disease group.
Healthy group was used for the development of the longevity age equation and disease group was for
investigating the validity of the equation. Participants completed 13 function fitness variables. The first
principal component obtained from a principal component analysis was used to compute the equation.
All variables except for grip strength and carrying beans were correlated with chronological aged. Grip
strength and variables related lower functional fitness had differences between healthy group and
disease group. Finally, 4 variables were selected for the equation. [Results] It was the following:
longevity fitness age=0.942*X1+2, 185*X2+0.673*X3+0.051*X4+0.588*chronological age+58.401, where
Xl=standing up from a supine position, sec (s), X2=maximum walking (s), X3=standing up and sitting
down a chair (s), X4=one leg balance with eyes open (s). The longevity fitness age of healthy group do
not have a difference compared to their chronological age but disease group had a difference significantly.
Age difference (chronological age-longevity fitness age) of sedentary group in disease group was significantly
bigger than its active group. Longevity fitness age could assess an aging of senior. [Conclusion] We
suggest that it can use as the tool for early detecting senior who need the health care service.

Key words: longevity fitness age, elderly, aging assessment, functional fitness, senior KISS”
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A% (chronic disease)°] =718tz AAA 7% 2014). o]t Aol 2 &) 7172 (health care) ®

(functional fitness)©] A3ldt}t, o2 23|

019] 7] fo] 73tgra ez S8k Jdth(Lehnert et al.,

2011). FHo dAFolzhe FARRE Zxe 24
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et 8 BeE ok wole AYFL AF
Exgta & 4 9lon ded] Y AF Hoe A
717k AR S AFA =3 (successful aging)#haL
T 9t (Rowe &Kahn, 1997, ACSM, 2010). 4

2 falA =919 wot AEE FU1H0R
to] A JHE AP e 28t of s}, w}
gl A A8 Sl sk g7 o] Fasi

ke el 2 7, 9%, A% Y T 24
8910 whe} ARIAP} 271 wiel] AAUe] (chronological
age) 2 7t 7NQ19] w35 e & ¢l
o] e GRS B8] AR H T (Age scale)ﬂ
2E gl A¢= kg A Adared e (Clark,
1960) ol¢} #dd oy A7} 33‘»’}‘4 =Rl
Z ZY2HE T gIWd S 4 Helez  AE
4 A (biological age)°] Zﬂ"*ﬂ JTH Nakamura
et al., 1988; Nakamura & Miyao, 2007). 3}A] %t
w3t e AR A 4 2 HrPt 7hsstelof
=l (Seino et al., 2013) AESA Az dAHA
9 57 A7) 22 HE AR7E SFE o] YA
A ZH o] ot w=3E o S3sl= EAAHmarker) =
EIEEE 58 4 glojof stal, sl S 4 #
et 4 glojof s wHESAg o] ThEsln Al Al A4
o] 7Fssledol dtth(Johnson, 2006). FAA} Tyl
A3} 22 WA A A biomarker) ¥ ofyg} =91
AAA 7155 wotd S FAAE 2 4 ATH(Seino et
al., 2013). =21<] A4 582 22 (muscular strength),
H3 _IJ_(gate speed) J,} Lo] 714.4%4 Z;G og .l:‘
7t & glen olE Fal dAALF A (activities of
daily living) ¥t ofzt 3, QAwE, AEAA
A% AMES dSste 788 72 AltEa it
2011; Takata et al., 2008). T3t
%4 YA (nursing home admission)?} L75 &=
=919] MiHo] 7158 Reuben et al., 1992; Guralnik
et al., 1994). olgfgt =919 AAA 7|5S 74 ¥
o2 o] &3t ARG HEZA SHAF (vital age) = Bl
| TH(Shigematsu & Tanaka, 2000; Figueroa
et al., 2015). A EHAE L SHHU LS 7
Z9 A7 Hxoln xRl A7t Ha gle A
%H(Multiple chronic conditions)dl tha] & A &

H‘

(

;‘i o off woh oy
N
o of rg

_\_,
l‘U_

FU

f

—

(Cooper et al.,

otk B A3k Jet o 58 SUHE e 7
N, Aol A A, AE S7F 53 el o
(Lehnert et al., 2011). §9], =91 ¥ ZAskate 4
ARG Tl i3t o EET) EoH o] AAA B
2 YA Btghel s F= AR ey ofd o

3l "keto] @ dlth(Bang & Jang, 2007).
mehA B ATE w3 e k91 ] Agky) #
o] gl AlAA 75S Adste w3l Hrl dE A=

MT T B
AL pdala 1 B ES ARG

e

2 AT =3 2 e9le Agkn Aol e AlAA
7eg Adsta o] & o] &3t wotE Hte & Qe
AFHE FH2 & LTt webA w9lo] 4/ E
A e 7} &Y ASEE G2 HHsH 99
st 223 588 AAE (longevity fitness) &
2 ZoJsta FeAg ol & sttt AAe]of v
3 AFAEyel7t 55 AlA] 5ol AstE A=
e 4 Ao AAE Y AYE g 12 et
(FA, 7}, 71240 A E2 5) 3 23F ASE2 (o]
T4, A8 E, d7%E3 8% 5)oE FES

(Tanaka et al., 1990: Guralnik et al., 1994), €}
34 (Bravo et al., 2010)¢} A1 = (Shaulis et al.,
1994)7} =& S ¢5S A8t

Ao &Eld uHE flot] I =Fuiigu e
Aa&e) o9 93] o] 52(IRB No. #24-122)< W
2 S dFE APstger, A5 8 20139 2¥F
H 119704 107197t o] Foixl om ozl Al U-&
< Adsta AAE Y. 249 HYRE 98 S
NA AP n &S AAIBIA T AA7 5 54 W 2
JAtarS AP ol st PHALLE o W8l Tt ’L

24 #4 F A5 35 ANsan. 53
5 7



28 Eunji Jung et al.

Table 1. Characteristics of healthy group and disease group (M+SD)
Healthy Group Disease Group
Total Men Women Total Men Women
(N=213) (N=89) (N=124) (N=245) (N=77) (N=168)

Age (yrs) 74.4+4.6 74.9+4.7 74.0+4.6 74.5+4.8 75.5+4.9 74.124.7
Height (cm) 156.6+9.0 164.3£6.6 151.146.0 155.1+8.6 164.3+5.5 150.8+6.0
Weight (kg) 58.7+10.1 64.3+9.3 54.8+8.7 61.4£9.4 67.7+8.4 58.5+8.3
BMI (kg/m’) 23.943.1 23.742.8 24432 25.543.0 25.0£2.6 25.743.1

AAILHASKY A&AHEA1E (arm curl, num/30sec)

N, 52 FRE AZS ARA Fo] gAE
2 BAAA] Bl AAR o]Eo]
7Fsqt 654 o139l =9l dld o2 Siglth. AlAA 7]
5537 AR} Psd] B A7) BAE oo @
458‘:'1(‘)"q 166, OEW 292”3)01 %‘043}914. i

og By P‘ﬁ‘?} Nakamura & Mlyao
2007). 2 Ak ¥ g Ate] AA A 542 (Table 1)

BAE ol&ate] A Al S Ao s
T SA6At AT WA 7 & &
F& o AeeA AFAE ol &t SH 8T AA
4 (body mass index: BMI)= A&1} 2179
H & (kg/m') 2 A&

AUHH Tis 5
A&gekaal agn 7171,

w1718 A9

ozt & 7R &3 oA} rolr] @40 2.0
kgd] oFd-& 1 30% B 715 wEA AitE &
o)Al o5
e 2]9Ex7 | (one leg balance with eyes open, sec)
< EAHE & ZE 5Eld du EE ulglA
%10 cm A% B9 78S 7Fed 25 7 39
th 3 gl € AES AR R 39S ¥ A
o TR HUl FAAIE 6022 ST

e

Hr

717153 (standing up from a supine position, sec)

HE 9o W3S B 79 S 215 34 7t
T3 e o} 7|PAAE FHSHA st I AR &
ettt

Z 9k 2 W7|(functional reach, c¢cm)

Hof] dog A AAdA] FEs A BHE AR =
oA A sttt ¥ErtEte 2 HES 0 cm9A R

AYeta FEg e Bol2 AN T b 3 A

AE do= st A AZE A5l

Q) ztell gk} defi}r|(standing up and sitting

down a chair, sec)

OJzfe A LA Z AP A A ZFste] o apel] RskTh
o= 545 53] HE] a9 1 AlRte A8k

BE 52 23] AAste] Hage et

o} (grip strength, kg)

FF-S AJ2HA HE T Hokglk Ao A <tE A
(TKK 5101 Grip D: Takey, Tokio Japan)E 7}
St st # A sttt ok B 23] S5t =2 g

& Mg

oo} Hoi7}7] (time up and go, sec)

O 7pel] ok

g el A

Al#Fste] 3 m%kel
A& EokobA Al Akl gt ARk S48

S e
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82} B3 (walking around two cones in a o] & A3t AlA A 7)sHlo R TR EAL Als)
figure 8, sec) of A o] AL A% AFE Fairt. A%
AHo 1.5x3.6 me] A< ¢Fol RIS AA| et e Akl AA) ol AgAg o] 1t A}
32 Aolel] AE FdTh tidAte ok AACIA oA S8 S RE THSS AAHY. et &
A2} A kel Wk & Eole} oka Al&E|A W S Ul 25HGI v ] AA volo} A
Z sk & Fole} Yt o] & 23] whEg 294 Aol o] Aol T 98 SHEE THSS A8
e 7159 Ack. e BAAY fForEd 052 AHstdtt
5m 2% ¥ ¥ Y u8(habitual walking,
maximum walking, sec)
Higto] 101 5 m B 2E uet AA ko o d72
27t 34 A S oM e Al A tel7t FEAIA
£ BelE we BAAEE SR BT yniolet M Jisel met A
ALy we Aeor 747t At
dztz 727](tandem walking, sec) jjlxl‘j;]? Zﬂ%‘?‘if’i Aflia Z] *0;91 %E{% ;E;E' ¢
seo] 20l 3 A 9B ¢ gBAY HpAE oo e ANERE YR FAT At
Bl TFse wel 270 el AHg Sgelgl, T rable 2
T 54 T AEAYG HAwAvE 4] 4 35, As | ltion of Chronoloical sical
W) 9bg o ]2 M| 2] DAL FEo] FgAl Table 2. g:rr;:ﬁ;ilieoltsnsono ogical Age and Physical
TS 7155k o] A5 L AH- A TA] Al Astgith
r p
F &717](carrying beans, num/30sec) Hand gripping (kg) 096 | .164
F 60717F B2 8718 9% T 20 cm Azl Arm curl (n/30s) 233 | .001
T 24 8718 B dAE & 719 ke One-leg balance (s) -369 | <001
orol A7leto 7 F& 3l /A 30% =<t o] =3 sttt Standing up from a supine position (s) 297 | <001
Functional reach (cm) =323 | <001
% %7]7](manipulating pegs in a pegboard, Chair sit to stand (s) 336 | <001
num/30sec) Time up and go (s) 447 | <001
AR sted s 48709] #2 S4719) TGl M Walking around two cones in a figure 8 (s) | 479 | <.001
& F A AR me} FECR A Y Fa Habitual walking (s) 365 | <001
g lofgle el Bl stef 30 F<k ol &gt Maximum walking (s) 318 | <001
a1 MFE 36l Tandem walking (s) 227 | .001
Carrying beans with chopsticks (n/30s) -129 | .001
iz 24 Manipulating pegs in a pegboard (/30s) | .061 | <001
AgE SPSS PC+/win 21.084 Z2I7< o4 A7 Aaaete] AAE Tse Hol o
AT EE Az da Hdd TFHAE =9 " se : - LEL e e ooLol o;‘ B
O Aus AAH A5 Bay BAL gd gawd o s SIRZL 7SR, S s et
B : lation analysis) T 245 2 7], AEY, dAZ AN F Hek Apolel| ot
X (pearson’s correla y 73 S| .
(principle component analysis)< AAlstith Aol (p(.05)7F AT Table 3).
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Table 3. Differences of Physical Performance between

Healthy group and Disease group

£ AldYstiti(Table 3). 1 A7 & 7o 4
Aol g ¥ £G BE =
82 50.8%2] %
value)©] 1 0]”0
] SLLO] Hi “Cﬁﬂ_o] 9%1:1 2 =2 ‘)l\‘ 9\,1M‘“4<Table 4>

Hu FU.L. (‘1
mlo
i
N
=
o
=3
=
; do u

4ROl £HAI| A5

AA Gl & Asld e Y FEES o o F4
ol 28 AAAE 7= Aoz YelgtTable
5. B3 o] 291& 57.2% AWE S 7AH 1F Fhol
2.292 YehdTt

Table 5. Principal Component Analysis of Selected Physical
Performance Items.

Healthy | Disease

Group Group 4
Hand gripping (kg) 26.6+7.4 | 24.9+6.9 | .010
Arm curl (n/30s) 229464 | 22.3£6.2 | .330
One-leg balance (s) 17.3+17.6 | 12.9£15.0 | .004
Standing up from a supine position (s) | 4.3£1.9 | 5.0£2.7 | .002
Functional reach (cm) 23.4+6.9 | 24.0+6.7 | .348
Chair sit to stand (s) 8.5£2.4 | 9.1£2.6 |.017
Time up and go (s) 7420 | 7.7¢1.7 |.060
g;uling z;mnd owo cones 21 3 0487 | 31.046.9 | 177
Habitual walking (s) 4.2+9 43+9 |.068
Maximum walking (s) 3.2+8 3.4+7 |.035
Tandem walking (s) 10.543.8 | 11.6+4.5 | .004
Carrying beans with chopsticks /30s) | 7.843.0 | 8.142.9 |.149
X/a;‘(‘i‘)ﬂatmg pegs in a peghoard | 4554 ¢ | 350153 | 333

Table 4. Principal Component Analysis of Chronological Age

and Selected Physical Performance Items.

Variance First Principal Component
Age .605
Standing up from a supine position 818
Maximum walking 797
Chair sit to stand 784
One-leg balance -508
Eigen value 2.54
Variance (%) 50.8
w ATelMe (1) AR AAH 7152 4B/
% (2) ARG APy 3 AAA 715 Ao,
(3) 54| &olid 3 Aol TS Fol ArAgY
of FHH MEE AT 4F 5 (T BA7], 71HA]
b HUES, oAtell A ekt dojur])o] AdEE
o oEED gWA)E B, IRA0E ASENS
9, <A skt Lol A2, Arjusge
o F5E L W G5olth e 47hel AAA 7]
53 QAlele] BAYE BHE] Adtel FHE 24

Variance First Principal Score
Component | Coefficient
Standing up from a supine position .859 376
Maximum walking .83 363
Chair sit to stand 81 354
One-leg balance -453 -.198
Figen value 2.29
Variance (%) 572
2 B FRgvstL FYR BAY ASE 2
ot thad} 2o] AR HT(Age score) & 7 5 ATt

Age score=0.203X1+0.471X2+0.145X3 -0.011X4-3.447

(X1=718A13(s), X2=ZNEY(s), X3=2JA A
ottt dojul(s), Xd=w=a 9EA7](s))

Age scale = 74.38+4.64%Age score

AAyol e} AT AAFAZ} UAIATHr=0.412,
2€.001) AMY F& 2T MZ zfol7} A Y
Eh(Fig. 1) o2k Zo] 2% (correction)< St T
(Dubina et al., 1984).

cAge scale=(1-0.412)*(Chronological age-74.39) +Age scale
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1 A7 B4 T AA o) o ABHE (cAge scale)9
ABASG(1r)7F0.7372 B AR molHth(»{(.001)
(Fig. 1). WA HFE FFAg el &2 o
oF 2o}

A E o] =0.588*Chronological age-43.735+

0.942*X14+2.185"X2+0.673"X3+0.051X4 +58.409

(X1=719A17H(s), X2=HNE(s), X3=2]A}el| A

Sigie=s °.=_‘°1Ur7](s), X4=F=3 HA7](s))

Before correction

el T=-412 (p<.001) y=x
’EWDD—
(]
Q
e et
o °g -~
G 5000 0o
9 go Slope 0.42
) 8° 2 Intercept:43.45
o ng a
<7ﬂm* 8’0 g o

= o %o o

Chronological age (yeafs)

After correction

e F=.737 (p<.001)  © 5
o y:x
F oo Ce
©
e
p Slope: 1.00
© a0 Intercept: -0.20
b
@
o
< 70.00

Chrgnologic;i age (_yeagis)

Fig 1. Scatter plot between chronologica age and Age
scale before and after correction.

A U0l el AS

Ao} FFA Y Yol & v 3}9&3}. a ?é‘ﬂr A%
ke AAVe](74.3+4. 6/‘1])9}
ANellA ZFol7F YA XA (p 7) él%]r A 01]/‘1
Al (74.6+4.84]) Hok X}Aﬂ]aﬂb}ol .06

7F A YR TH(p(.001)(Fig. 2). T3+ 2%
TEFHHTE JoE UHA Hue 27 S5
el ] EFH Tl A AR o] ato]7b YERETHC.01)
(Fig. 3).

100 4 )
= Chronological age

EE Age scale

80

Age (years)

60

0 ..| |

Heaithy group

Disease group

Fig 2. Comparisons between chronological age and age scal
in the healthy group and the disease group.
* Significantly different from chronological age. p{0.05.

1 *

Age difference(chronological age-age scale)

Sedentar‘y group Act\'ve‘group
Fig 3. Comparisons of age difference between sedentary
group and active group in disease group.
* Significantly different from sedentary group. p<0.05.
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= 9

w5 AT she} o 5H] Sl A sk A=
HH M| 27t ZEH o x| Fojof gt} o] &
v =99 =35 34 HrtE B 7R
3 olelgh HIHE Baf AW~ 220 s
&k 4= 9lojof Fth(June et al., 2009). o] 4%
e T ol #HE HERAE o] 835
229 H717t 7} A TH(Kim et al., 2004) 5
ol S 7 E AEZAM HlE) 244 759
1019 Al A AZNHE ABA 0T
= ek ol g} Ade] 7hssta volrt |
= 4] 3ith(Kempen et al.,
1996: Studenski et al., 2003). T3 AA oA =91
oA <tdsti Fwl A A&l 7hestthGuralnik
et al., 1994). webA 2 7= =919 A7 A4
< G9lsP] SIg AAV TS Y Oﬂfﬂ a4 &4 ¢
B2t e AFAg Yol (AR A %) & skl
2 AFolA 4 AAA 7% ZE} < *?’304"?*
FAusje] Qs Tanaka et al., 1990: Guralnik et
al., 1994: Steffen et al., 2002; Pedrero-Chamizo
et al., 2012). OW"éiﬂr 27 o] golXe sl g
Frot ATt =2 137 dE(oE, dsgdzal,
A7), 71 ASH, 7] A & w7, -47401] kAT Yo
W, dojut Aojzhr], 82F B3, bm B B 3 o)
B dz2 A7), F &1, B 717D = S
ARG At Atold] AAA 71559 Aol&
St A7 o3t 3 oA 7]Fell A kel 7k YERst
, 48R F 71718 A gol ARl 4
AZF Uebst, oge] 79, ozt @kl vl
go] A3 olf gk zfol= A °ﬂ’\1 t& 2A e
P AAE dde® e A5 dEn 22 A
5oz AAdA A7deE g de 013%%01
ITHJanssen et al., 2000). 3HAI%F k#]9] 7]
2B} & E4do] U wET o] 2 QI8 75 A Ob—
7] W& (Rikli & Jones, 1997) =919 AME
(mortality)® 2%E (hospitalization), &%(frailty)=}
’ddo]l =t (Guralnik et al., 1994; Seino et al.,
2009; Chang et al., 2014). W&t & AFoAM =

-

NCorH R o oM
off X fo g © 1x

o.,>: >0

x}’\zﬂezh/].o]_q 2}7@/\1 AzS _CH‘ i7§ ‘ﬂ?_]f’_i T

3 AT, ZIHAIZE, R, oz A gkskrh I
oW E Adstitt,

W2 w3} £5g olg)] ol Aol IS
FAat7] ek AAA 7] k= 654 o8k A
B3] Frlsfob @t (Nakamura &Miyao, 2007).
B7F Al 2 FEA S (norm) B 7t 7hesta &
= b 758 75 e ol =S =Y UL
U AAARL el tigt Bke & 4 oglon w3t g
AAA 715 Hrhe o) ZAAE BEete] ke
2|2 H7slok gt} (Cooper et al., 2011 Cohen
et al., 2015). =919 AAA 715 H7HE Y3t 53
229 (Comprehensive test battery)e] oJg] A7tojA]
B %o 3tk (Guralnik et al., 2000: Shigematsu

i

& Tanaka, 2000; Seino et al., 2013).
S|l o) AMdE FHA L ¢ E5FEd 7

g7t e oyt yehde 3 UO] A
(Nes et al., 2011) FHEEN S Bl 429 AllF
Aol 7MY & AR AW oR ol & o] &3 AFE
AT E B85t A&ttt (Nakamura et al.,
1988; Dubina et al., 1984). 12 FAEEA A 4
Atol7t AAA 71585 shvte] FHAECR F7E
= Ag gste] AgE AAH 7)ol Aol #
d4E RYE AL ¢ F AU 23 AT
= AA Yels 1%194??} ’?HV—? 7 dECR F
/\1/\]*5‘]_0;] oﬂe:]xJ
FHATE A 0}04 “Zﬂuro]gr =4S ey
FrAE el 2422 7 e 17 =9
AA o] & AeA kol = Zpo|7F YEhA] &3kt
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st Al S-S 7 ol2 <8 7154 vt
dojd F 3 A8IF o 5L /KT =92
o|2 el AAA 715 B kel At dojupw] A E
9] gjlo] B % gt} & ATE Bl NEE w3 I
7h AR AEE LM A FHE 5 3 F7E B o]
&7} golte g o] o F714 08 wolES B
F SlTh webA o] S el AL Addls =
7ol Auste] AA-e Al7]el =9 #A A AE A
Fomm Tgdso R Qg =215 w3t A W

¥O Y

= A= =l ) Al AFete 6564 o139 =
Q458" & ez d3Ags Ao e AlAA
7eg st AAA w3 HrE A FFAE el
£ /Wdstn 1 g AESIGT. 1 A3, A9
=& ofgfeh .

A =vo] =0.588" Chronological age-43.735+

0.942*X; +2.185*X5+0.673*X3+0.051X, +58.409

(X =719 (s), Xo=HHEY(s), X3=2]A}ol|A

ket Aol (s), Xy=w=al A 7](s)).

2 AFA AtE dEAEE AR STl wet

¥
ok PUAT A 5 FES TGT ¢ UL ®
ohle} st Golshl B7HE & Gt guoz 7
gelol glof BEAo] ek AREG £ =lo]e}

3} oz

s
Ed AT ]
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