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Assessment of vital age of Japanese women
by principal component analysis

Kiyoji Tanaka!, Yoshiyuki Matsuura!, Fumio Nakadomo?
and Eitaro Nakamura?

Abstract

Principal component analysis was applied, for the assessment of vital age (more frequently
termed the biological age), to the data for 34 physiologic and anthropometric variables. Subjects
were 106 Japanese women, aged 30 to 72 years, who were recruited in a series of tests for
cardiorespiratory, physical fitness, anthropometric, body composition, and blood lipid profiles.
The subjects were categorized into two groups—those (n=15) who possessed either four or more
of the coronary heart disease (CHD) risk factors (@ obesity, @ hypercholesterolemia, @
hypertension, @ low maximal aerobic power, ® an abnormal electrocardiogram reflecting
ischemic patterns, and ® real sedentary life) including 7 CHD patients and those (n=83) who
were considered apparently healthy without CHD risk factors. Analyses of the data revealed
that, out of the 34 variables examined, 11 variables were suitable for the assessment of vital age,
and that the individuals with many CHD risk factors were approximately 7 years older when
compared to their chronological ages (54.6 + 9.9 vs. 61.4 7.2 yr). Healthy individuals were,
however, found to have similar vital ages (49.1 £ 11.0 yr) to their chronological ages (49.0£ 89
yr). The developed equation for the estimation of vital age (VA) was VA=8.90VS+49.0+Z,
VS=-1.035 +0.016X, +0.011X, —0.064X, —0.012X, +0.004X; +0.004X; +0.004X; +0.034X,
—0.037X, —0.005X,, —0.367X,,, Z=0.33Age —16.17; where X,=abdominal girth (cm), X,=SBP
(mmHg), X;=VO,.1 (ml/kg/min), X,=HRyr (b/min), X;=TC (mg/dl), Xe=LDLC (mg/dl), X,=TG
(mg/dl), Xs=hematocrit (%), X,=side step, X =one-leg balance with eyes closed(s), and
X,,=FEV, ,(1). Since independent variables of this equation included physical fitness items and
those measured during submaximal exercise stress test, we defined the score obtained from the
equation as “vital age.” Importance and usefulness of the vital age were discussed.

(Japan J. Phys. Educ., 35: 121—131, September, 1990.)
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Table 1. Descriptive statistics for selected
anthropometric, physiological, and physical
fitness variables in 83 middle-aged and elder-

ly women.

Variable Mean S.D.
Age, yr 49.0 8.9
Height, cm 154.0 5.1
Weight, kg 56.1 8.2
Abdominal Girth, cm 86.7 8.1
%BF, % 25.5 5.8
LBM, kg 41.5 4.2
Fat, kg 14.6 5.5
HR, b/min 63.3 8.6
SBP, mmHg 123.4 14.7
DBP, mmHg 76.4 9.7
RPP 7.867 1,352
VO,LT, ml/kg/min 16.9 2.6
VO,max, mi/kg/min 29.0 4.9
%VO,maxLT, % 58.6 6.2
HRLT, b/min 120.4 11.5
HRmax, b/min 171.1 11.5
%HRmaxLT, % 70.2 5.1
TC, mg/dl 217.6 42.3
HDLC, mg/dl 60.4 13.5
LDLC, mg/dl 139.0 39.5
TG, mg/dl 90.2 41.9
Al 2.45 0.96
RBC, X10%/ul 4.343 0.312
Hb, g/dl 13.33 0.94
Hct, % 39.9 3.0
FVC, ! 2.61 0.42
FEV s, { 2.20 0.42
FEV,0s, % 84.3 7.0
Grip Strength, kg 29.8 3.8
Side Step 37.4 4.4
Vertical Jump, cm 31.0 6.6
Truck Extension, cm 40.2 9.0
Trunk Flexion, cm 11.8 7.2
OngFont Balance with 355 774

% KB $ % secondary aging factor & ###R L
7o (& 3).
BENERBEEDOI-HOFHBEERE LT, A
RTHRE - AEBLATXTORBEYAVSLZ L
BLTLSEYMOEANTHD L2
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Table 3. Factor loadings by principal component analysis.

Variable Factor F, F, Fs F. Fs Fs F, F, Fs Fio h?

Age —732 —346 —096 —026 104 218 —226 —104 020 051 789
Height 260 578 —383 —074 134 —182 —237 —-069 064 123 685
Weight —-226 913 —075 125 —083 090 —163 —008 —079 —004 954
Abdominal Girth —470 590 —055 118 126 313 —093 —088 —111 -—033 730
%BF —278 634 —032 222 —313 262 228 125 —249 -—280 903
LBM —069 726 —116 —034 190 —074 —386 —123 061 199 796
Fat —284 807 —024 212 —270 189 052 083 —165 —158 948
HR 054 215 190 618 —108 —365 256 —239 284 —191 852
SBP —644 082 400 -—027 005 282 084 114 046 422 862
DBP —598 208 321 —-123 —-077 140 244 338 233 241 830
RPP -356 291 399 426 —133 —180 302 -—168 309 345 937
VO,LT 625 —226 203 099 269 282 —216 347 069 —057 819
VO,max 794 —120 093 —099 076 179 213 243 059 —073 814
%VO,maxLT —354 —136 175 304 279 149 —657 085 —002 068 810
HRLT 497 047 531 493 —073 —084 —235 111 094 —133 881
HRmax 661 256 386 035 —074 —054 115 177 —-099 —053 719
%HRmaxLT 019 -—168 367 641 —018 —057 —398 —013 237 —126 808
TC —-586 —170 —027 338 517 —224 171 —043 —336 064 953
HDLC 188 —248 590 039 —124 -017 -035 -—-312 -520 288 914
LDLC -593 —098 -—217 377 499 —258 156 061 -—218 —019 942
TG —500 —003 —069 —117 454 127 166 —004 166 —051 549
Al —514 047 —506 232 451 —148 117 282 135 —143 934
RBC —328 299 557 —481 184 —295 —063 058 —041 —226 919
Hb —438 128 615 —408 323 —071 059 -—117 079 -—119 925
Hct —433 199 658 —400 258 —083 —020 —051 047 —197 939
FVC 656 381 —145 —246 245 009 —058 —345 100 —053 853
FEV, . 276 321 —108 -—081 —031 -—536 023 320 050 337 705
Grip Strength 288 612 132 —075 225 181 —020 229 —028 097 627
Side Step 678 —056 134 053 441 051 083 —037 —070 129 710
Vertical Jump 546 121 136 275 381 164 276 —260 —032 —044 725
Trunk Extension 475 274 030 255 227 252 108 —046 —196 (098 543
Trunk Flexion 327 —049 —042 076 283 594 207 —134 300 067 705
Ong;zg%] Balance with 567 006 165 124 246 —210 037 341 —202 014 628
Eigen Value 7.955 4.738 3.203 2.652 2.292 1.826 1.569 1.210 1.118 1.008 27.571
Percentage of Variance 23.4 13.9 9.4 7.8 6.7 5.4 4.6 3.6 3.3 3.0 8.1

(multicolinearity ; ZEEICHEHEEED L
haZ i) OFETHHENEL, TDOIDHHE
BB EORELYHB 2 Lk bl
5TH5BH. ¥IT, RcHHLEERG SO
BRI G, /1 ERS, VW5 primary aging
factor + LBV EFARRYEL, »OF
2—100ERK 457, Y] 5 secondary aging
factor ¥ KX T 2 ERXENERETOLD

OHBERE LT, WEX,), SBPX,), VO,
LT(X,), HRLT(X,), TC(Xs), LDLC(X,),
TG (X,), Het (Xo), RE# &V (X,), PAMR
KFRIH (Xi0), FEV, s (XD DINERYED
HL7, ©hblIZERTHES BT
WxX1DE, BEEIRIHFxEAL, H1F
B whH L (R4), TORKE #H1ERH
nzxa7 (VS) o#ERELT,
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Table 4. Results of principal component analysis applied to the 11 predictors.

Factor Loadings

Variable Factor F, F, F, F. h?
Abdominal Girth 0.497 —0.071 0.294 0.489 0.578
SBP 0.636 —0.127 0.512 —0.203 0.724
VO,LT —0.647 0.327 0.282 —0.198 0.644
HRLT —0.556 0.155 0.399 —0.365 0.626
TC 0.678 0.688 —0.107 —0.087 0.952
LDLC 0.663 0.645 —0.231 —0.070 0.913
TG 0.591 0.221 0.155 0.391 0.575
Hct 0.401 —0.071 0.709 0.016 0.669
FEV s -0.599 —0.011 0.008 0.621 0.744
Side Step -0.629 0.438 0.183 0.232 0.676
One-Foot Balance with _
Eyes Closed 0.582 0.538 0.168 0.102 0.666
Eigen Value 3.881 1.577 1.240° 1.068 7.766
Percentage of Variance 35.3 14.3 11.3 9.7 70.6
VS=-1.035+0.016X,+0.011X, m 707 y=15.98+0.675x 8-
* -
—0.064X,—0.012X, +0.004X < r-08 L 3
+0.004X,+0.004X,+0.034X, £ ] . =
—0.037X,—0.005X,,—0.367X,, (1) E
B, Lhrl, ERGI/FC LT Eh
HEEMFEA 27 (X=0, SD.=1.00537) §
TRERHOT, BEMYREL LTHET S 2 ' ' _
Z DA e fo D, BEEEE (n=83) D VS D 20 30 40 50 60 70
a2 7Ry BERSM (X=49.08%, S.D.= CHRONOLOGICAL AGE

8.IMIEBRL, kKX Th-Tt tDOELESR
NMMTH - Eic i, ks, B0 EL, &
HR Tz DELE 2 5 IRy ENE# (Vital
Age, VA) ¢t EELI,
VA=89VS+490 ..................... (2)

M13#EERQOQHVCTRRELFREL
834 VA Kk, HEcBFEmK (CA) %,
B VAR E T35 77y b LE
HRTHAH BEAED7my FIXZVA=CA
OEZMACABL, ERRETAEROBE
CHENRTL OB LICEARED ORI, L
L, EREGOTERMITEAD VA LIEFER
ENRERETORIZOIOIE HELNEL
7z. ZhiZ, Dubinaet al.”hi$giHT 587
NZEED =5 - tE 2 LRI, ENFEKEL
THEIhSELERL LD LBFREDET

Fig. 1. Scatter diagram between chronologi-
cal ages (CA) for X-axis and vital ages for
Y-axis in 83 middle-aged and elderly women.
The straight line indicates linear relationship
between CA and VA, which is analytically
expressed by VA=15.98+0.675CA.

boTHHAL LS ETHRACHLTIE, ZD
systematic error DAARXLTLIHFEL VS
D Tikievs, £ 2T, Dubinaet al”2\RET 5
FEYFIRA LT, BER (CA) iTskoLe
EXR

Z=033Age_1617 ..................... (3)
XEHEL, £icRDdDIE VA (QR) Rz DBIE
HZYMet, ABHRTIE, BEHZ ¥z
VA%LTF VAc ¢T5%.

VAC=8.9VS+49.0+7Z :eeeeeeeeeeens (4)
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Fig. 2. Scatter diagram between chronologi-
cal ages (CA) for X-axis and corrected vital
ages (VAc) for Y-axis in 83 middle-aged and
elderly women. The straight line indicates
linear relationship between CA and VAc,
which is analytically expressed by VAc=—
0.17+1.004CA.
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Fig. 3. Scatter diagram between chronologi-
cal age (CA) for X-axis and corrected vital
ages (VAc) for Y-axis in 15 women with a
higher CHD risk.

K23 EOFHELET, REBKD:
VAc LTBER L OBARERLIDDTH S, &
DiER, BABAIZOWTLB L, KD VAc
BEEREILRRY 2528, VAc DFHILE
FERITIITITE L T o 7o,

X 3 xAHECIT, BiRORKA), (2),
3), WxFHALT, 2 BEFILIE
Risk #F(n=83) D F — 2 XSV CHEHH UicH
ER L HBA15% D& Risk ¥ VAc & @8
DEER L OBFRERLICLDTH 5, & Risk
BS54 D VAc DFEHi261.48& T, RBEOBE
B4 O ELLRTH TR E ot

P LU ATTOEERERE, T8 HXYRETH3H
BEORBERBCERF S EERA LI L Z A,
Nakamura et al?nBEic#E L - BEOBES
LR, AFRTHRE LT OWTY
primary aging factor IZPEE3 3 X5 (Vo
PELEFREFZSECHEERL, hroe bt
EFCRCEbY Z OB R FOEBHOE
BELDIERLIBVCHEYRTRS)
THZENTEN, DS %2, ZOERSEM
B > THMEL Y RTERCIZTS 5 A (+)
DS, BB CBAITILE R TER
Kik=A4F R (=) OFF5HELLhTV 5
B (vt b)) »RUAL—KRXTRIATVS
TEb, ThOLDOERO—KRESIC L HEAL
BhbeB 2 ERTHI LIRS THDH L E
b5,

¥, EROERS L LHMEFERN L OBNE
FHRBRRArLe P OE(EONUEE LTEHY L
DEHTEUH I WNEE» L BEDE
B VHILNBREE I ERFONOKR
D HEBICEEROE 1 ERS Y, Fhs T
EHIOA2TOHHCEEH 0, EEERZELO0)
¥TRA270BS*AVCCERSHICE B
2l DX, BEKEL0.81 5B\ Y RL,
DO DERMMERFIFH A 2 7 1T ER
BlLxmT, LEOKEREMS, ABRTHAL
RERTETNML BHEOZRELTEMHIZOW
THEEOFMEFALELTCERATHS &
z &9,

2. BNEMOHTE

AR TRDBIENERL, FHERHN
E FDITBHORE 2 EBEMES, BER
B LEYRTBEINCER I TED, 20 Lk,
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eIz > THLLRIETHALOh D RERK &
VEHBARILDT A VHEBRELDOT, o
1B B TOREB T D 5 B 12 D E/LE O T i
EEELTY, et OFHOBERXEDILIVRE
BH eI b RIL D E V2 X 5. BEHERD
HEALYEBRT53HAEE L LT, primary
aging factor t BVWHFAREBXH LK VO,
max ® HRmax ¥ A L s o e D3, FAH
ERAOEAKLBLENCER LI LIS
DTH5H. HCETIE, EBAMABROE
2% < OPFFEHEEI - REEBI/ S TARETH
b, VO,LT ¥ 7212 VO,AT DRIE S £ hiz &
HEgETiaiow, LichisT, RFFETE, b
PEHOBRBICETHAVALI SR - THIE
Ihb \.lozmax ®HRmax X h b, Thbk
&\ BB R %A L »>-> primary aging factor
L ERTF A &Y ET S VO,LT © HRLT
PHERORATRD 1 DR L 72, %7,
FVC, Hb, &ighhE, B|E L Ol X #EERD
HEEBEROFILED M -1cDR, ThEh
N FEV,,s(r=0.95), Hct(r=0.95), BHE(=
0.62), RKE# &V (r=0.60) & K& BBk
FRUICIEDTHD, 2Rkt 5 Bk{bd
LR \WTE, REBCEFCEUSTS (&
£ ExT2) 12T, HEORRLLEHME
Hiciifc 2 h 5 H4EE) ((78) BEOK XA
HxMbhid, 2okt ERYBIE
ThiE, AR TRHBLENERL, BEEB
L ORI E I HPBEEDOELEOFHMK
WIFITERBLELDLND,

3. BEHEBREEAOR YN

AHEOE 1 DBRIE, FREEDOENED
M L e B ENER L HHEERDOERIC
HHH, ERINICHEROZXUH BT IK
HY L REERBIETHS, £ T, ANR
984 D p b, OIEME (KI=130% foid Kk
BX O RDIBIEHEZ30%), @ TC=2250
mg/dl, @ SBP=160mmHg, ®:LERRH (ST
ETF, ST b8, T FE, Tk TERZLL),

® \./OZmax <29.0ml/kg/min, ® real seden-

tary(Z D10FE/MEB > LAz Z & 2378 ) D 6

Table 5. Comparison of chronological age
and vital age between and within high-risk
group and low-risk group.

Group
Low-Risk High-Risk
(n=83) (n=15)
Chronological Age 49.0+ 8.9 54.6+9.9*
Vital Age 49.1+11.0 61.4+7.2*#

Differences between means were tested for
significance by the paired or unpaired t-test.
*Significantly different from the Low-Risk
Group (p<0.05).

# Significantly different from the chronological
age within the same group (p<0.05).

OEBREE OEEEBRAFOS B, 4oL
FoORFEETHEL L UVEBEBRES &
M I N-EISBZXYRBRIskFHELT, 208
Risk BOBEER L HER L Y RDIENF
DEEERERT -1,

FORKR, F51mRTIEL, BRisk ik
54.6+9.98 s H EER I L, EHE#E N
6147 2R EERICBVZ LALLM EES
to. ABRERUAORFIZOWTHRICEE, it
DO—@RHEKLT HEDTRTHEBIREKEIC
BELTVWS (Fcl3BETAE ERELE
LTWwW3) @S TFLIVLwh, el &
bFDE HKHEL DETE, O—@HEMLK
WEZERT, EEIRELEOREYFRS
RHLHERNBEETFHETES, £ PERTAEK
ROB|AFERD 1 > THH>EBREBDOERR T
¥ % 4T - f= Framingham Study T3, IEEE D
MEYEERE1ERE L, OFEHEE TCED
WHELI—ABRRERETHIE, IEEEC
BIE s EEIRERBIC L ARHETERPLRRTEDOE
ENEABCELS KA EEHELMKL TW
519 B, bhbhIBREX O EBIREEE
ZABIHONWT, AR TER L ICHEROZ
Wit DMREE (cross-validation) 17 - T\ % B
BTHoN, SARCOWTLEERK (57.8+
10.28%) LiEHER (64.9+11.3%) L ORI
EEEORDLNAUEXDOFH - EXBEL
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By s odBREBEREF HFEL,
HFREMENERCR LT E2MEL T
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DHBERCEHAAND Z ENREYE V2 X
5,
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LB NERHEER R, FRELBEOREREY
T 5 ECHRBEFCMBLRET S LD LE
Zbhd, %, ERCEBRELELEEE
THI0BL O t OREFTLIL/EDTF — 4
YINET B Ltk 5T, LHEEBEHEDNE
MOZUELYRH LD, XILICBEE (EL
B) ofMicER: s BERY A #ERD
TERHVEERBE 2 X 5,

= L]

SB¥TC, FEULOBEYRMAIREL L TAY
BER (FLRAEBHER) »"EEIHh, £0
HEANERINTE, LirL, EHNFERH
YHETHLDCAVWLhTERUERTE
B LREYRRTI DD, THAREICE
FHEEBPORE»GBORLELDOCRLAT
5., ABRIL, b roEBLABTERYEMRI
HEAY LD, BADEKROERTLDD S

HME, MFEE, &L omE>ms,
b+ OEAR Y ME R T 5 AR T
HEBPCECHNIBRERYSHRERCHA
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VAc=8.9VS+49.0+Z 7t 2 ER R ER L
7. 73, VS=-1.035+0.016X,+0.011X, —
0.064X5;—0.012X,+0.004X5+0.004X,+
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0.367X,; (X, =B§BH, X,=SBP, X,=VO,LT,
X.=HRLT, X;=TC, X,=LDLC, X,=TG,
Xs=Hct, Xo=RE¥K LV, X,,=PFARK EL
B, X1, =FEV,,,), Z=0.33Age—16. 17TH 5,
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fEPREE DB\ B TIIBERS4.6 9.9 X L,
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