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Estimating Stature and Weight from Anthropometry for the Elderly
Who are Limited in Mobility
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Department of Food and Nutrition, Seowon University, Chungbuk, Korea

ABSTRACT

The purpose of the study was to develop generalized equations for estimating stature and
weight for the nonambulatory elderly persons. Height, weight, recumbent knee height, total
arm length, midarm, waist and calf circumferences, triceps and subscapular skinfolds were
measured from over 60 years old 315 ambulatory elderly. The equations to predict stature
and weight were derived from participants in the validation sample and were applied to the
participants in the cross-validation to test the accuracy and validity of equations. Stature and
weight were significantly and negatively associated with age of women and similar patterns
observed in men but associated to a slight degree. Knee height and total arm length were
highly correlated with stature but the majority of the variances in stature was accounted for
by knee height for both the men and women. In men, waist circumference was the most
significantly correlated with weight and arm, calf circumferences and so forth. But in women
arm circumference was the highest, then waist, and calf circumference in order. The possible
predictor variables to estimate of stature were knee height, total arm length and age for both
elderly men and women. Predictor variables to estimate of weight were recumbent measures
of waist, arm, calf circumferences and knee height for both sexes. Inclusion of skinfold thickness
measurements did not improve the prediction power of estimation for weight. When both
equations developed from the present study and Chumlea’s study were applied to cross-valida-
tions samples, the equations derived from present study showed better accuracy and validity.
The presentation of prediction equations using two, three,or four recommended measurements
allows the selection of an equation based upon the measurements that are possible to collect

on an individual basis.

KEY WORDS : recumbent knee height - total arm length - waist circumference + prediction
equation.
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7tste ¢ A5z A Ho gen 23 AFH AR
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(ideal body weight), body mass index(BMI), creati-
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tories, Columbus, Ohio)2 ChumleaS390] =) <}3t
W ol w2t QA & 2A AR} wR o)
FEAEH AN AET 5 LBl 90k 42U &
B caliper?] 2P S ¥ Z 9 F(lateral mal-
leous of the fibula)¥} 2o}l Q2L o] EI cali-

ox

per8] Aol ¥& 789 €70 & (patella) 5em ] ol

YA AZELE 0.1em7HA] Gt 280l Hols
FEAE AN 9EFART A ET A AAE)

3) TsixlY FH £

Arur2a 4748 J3AWFAE Lange Caliper
2 Chumlea$®o] A¢tg Wio) wa} 233},
AFHE e ARE AEEVYS BEAY FFEVY
FUARE BANEF AZ T TS U1} Ho] HA
AN A2 ARE IEZ tem ol mm
7R &3 Act.

4) MHSH £F

AAEH = 0.lcm7LA] steel ER2 2 AL
Fote) gdlv FedHdA AEFE L Eo] 90
27t He g 808 222 20 ¢&HA) ¢
EF Stof FolelRRelM MY FE& FES 0.1em
7H7tol A3t ATt A4l A} A ol A
AZ%go] FEAE 9052 FHA Sujcto] Al wy
02 7In 8 oS 4o FHEYS FATF
ZA3A s Ede ZAWIAE wEo| B
F HFS A EREHE SAAT

5) SAHAz|

Z 3 A7 SAS 57 packageE ol £3lo] FEH R
B, BFUAE e dar YR Aol
test2, dHo| WE ol BEAEMI thEumz
FARE AFFAT AR 2 AFH AN AtA
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A& A+ e YANE TR o] 4L cross-
validation sampledl] &35t A& w9 gPdr g
74ttt A EBA (cross-validation) A Loh-
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Table 1. Physical characteristics of the elderly

A FEAY =2(160.1cm, 147.7cm), A E=AT
AWM B £ D FEAF el AA(160.1
cm, 147.9cm) e A9 vlxdA Jelgey Hi
A g A AFEQ 9 AA(165.8cm. 150.6cm) X
o WA debdd. a2y o9 £919 dAFdA
EAIRY AR A7 147.4cmB HEo] B
Ao Aol AxRlIlg & Aolg RolA ot

Chumlea32) & Q59 AHH 54 = FLo|n

Validation Cross-validation
Sample! Sample? - Total®
Variables Sex . P . P .
(M I n=117) (M n=24) M :n=121)
(F:n=154) (F: n=40) (F:n=194)
Age( ) M 75.0£7.2 73.9+ 7.6 748+ 7.2
gelyears F 73.5% 6.5 73.0+6.7 78.4% 6.6
i M 160.4% 6.2 159.9+ 5.9 160.31+ 6.1
Height(cam) **
F 148.0+ 5.5 148.7+ 3.8 148.2+ 5.2
Wei ht(kg)** M 58.21+ 8.9 59.8+ 5.9 58.41+8.7
el )
& F 53.1+8.2 52.8+6.9 52.8% 8.0
Bodv M Ind (BMI)“* M 225+ 2.5 2341+ 2.6 227+ 2.7
n
y Miass Index F 249433 23.94 8.1 23.94 3.2
. M 479+24 48.0+ 2.4 48.0+25
Knee Helght(cm)**
F 437+23 44.0+1.9 438+ 2.2
M 72.0%+ 3.3 71.7£ 2.8 72.0% 3.3
Total Arm Length(cm)**
¥ 65.5+ 3.2 66.0+ 2.5 65.7%3.1
Circumferences(cm)
M 2561 2.5 26.5+ 2.5 258+ 2.6
Arm C
F 26.31+2.7 26.5+ 2.5 264+ 2.7
R M 324123 328+ 1.6 32.5+23
Calf C**
F 31.1+26 315+ 24 312+ 26
. M 83.1+8.0 83.0+ 8.2 82.8+ 8.5
Waist C
F 81.0+9.1 79.8+ 8.8 80.7+ 9.1
Skinfold Thickness(mm)
. M 10.8+ 3.5 10.0+ 4.0 102+ 3.9
Tricep $**
F 16.5+ 3.8 157142 16.0+ 4.6
M 129+ 4.2 18.5+ 4.9 13.0+4.3
Subscapular §**
F 16.6+ 5.2 157+ 54 16.4+ 5.3

Values are meanst SD C : Circurnference S : Skinfold Thickness
1) 2) 8) for circumferences and skinfold thickness measurements
3) (M :n= 76)
(F:n=153)

1) (M :n=61)
(F:n=124)

2) (M n=15)
(F:n=29)

4) BMI=Weight(kg)/Height(m)?

Sex differences, *p<(0.01, **p<{0.001

— 74



S

o FH37F FREAR Aol AFzFGe] Hol
BHEA, ddo] oA HIE AZA Y G R
gA =R R} But2 AA g Aol o Fa3idn
At AT w3 A A S0 eI O
A3 BEo] AA FRHA =UAEY AZA<=
) &) 3} 4 o}
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A AR AT ¢ 22 HE 13.0mm, 164
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(recumbent anthropometric techniques) & W2 3
gairti G AL AFol 7t BA=UE A (am-
bulatory) AEE & F g = EFAA AAA
Zol Zhssid Ao £ FHUUT e A
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A 2AQEAF FAAE FE2F 508024 14
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Table 2. Distribution of anthropometric measurements of the elderly grouped by age

Males(n=121)

Height(cm) Weight(kg) Knee Height(cm) Total Arm Length(am)
60—64(13) 160.7+ 2.72b* 60.0+ 5.0 474+ 14 714+29
65—69(14) 163.4+ 5.22 63.6+6.9 48.7+1.7 72.3+382
70—74(27) 161.3+ 4.5% 58.3+ 8.8 48.4+ 2.1 71.7+ 2.0
75—179(32) 160.9+ 5.2% 58.5+9.2 48.8+922 712+ 3.0
80—84(24) 159.3+ 5.72b 55.8+9.3 485+ 1.7 71.7+£3.2
85—90(11) 158.3+ 6.5> 56.5+ 6.2 48.8+2.0 723+ 3.5
Females(n=194)
60—64(12) 151.1+3.32 60.9% 9.62 444+ 14 65.3+2.3
65—69(50) 149.8+ 5.12 54,7+ 8.0% 43.9+23 65.31+3.2
70—174(55) 148.9% 4.6% 51.8+6.8b¢ 442+ 2.0 66.1%£ 3.1
75—179(42) 147.2+ 4. 62b¢ 51.9+ 7.9bc 44.9+ 1.8 656+ 2.8
80— 84(20) 145.6+ 5.65¢ 48.8+ 8.3bc 444+28 65.0+ 3.8
85—90(15) 143.7+ 8.6° 46.8* 4.1°¢ 43.3+1.7 65.1+2.2

Values are meanst SD

Number of subjects are in parentheses
Values with different superscripts within a column are significantly different from each other at
p<0.05 *p<0.10

Table 3. Equations for estimating stature in elderly

Predictor Variables

Males(n=117)

Fermnales(n=154)

Estimate R? RMSE Ccv Estimate R? RMSE (Y%
1. Stature from arm 0.43 4.66 291 0.49 3.94 2.66
intercept 73.33 67.62
Total Arm L 1.21 1.23
2. Stature from knee
Height 0.56 4.10 2.55 0.58 3.58 2.42
Intercept 69.28 67.98
Knee Height 1.90 1.83
3. Stature from arm
length and age 046 459 2386 063 837 2.8
Intercept 81.87 91.37
Total Arm L 1.23 1.22
Age —0.13 —0.31
4. Stature from Knee
height and age 0.59 3.98 2.48 0.66 3.24 2.19
Intercept 78.56 89.63
Knee Height 1.94 1.74
Age —0.15 —0.24
5. Stature from knee
height, arm L and age 066 363 226 078 293  1.98
Intercept 58.70 77.91
Knee Height 1.44 1.08
Total Arm L 0.62 0.65
Age —0.15 —0.27

RMSE : Root Mean Square Error

L : Length

C ! Circumference
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p<0.0001) 2t} 4 ’é}# 0 & AUAEE BAF
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o &3het 7Hg A A o] Table 39 AAIH A
Add dFdee JUET Zded FEF0l, 2
o], A5l
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71€ FAR3e dgA oz 3270 S AF
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ov FEZUo7} b 99 BUoRYG 7% R
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otz BHolx H7tsto] 48Tt Table 394
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2 Hud & 338 ¢ AUtk FEEo9d ‘ﬁ%%
AU R Hrlete] TS ol &8 u
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AR Hrte Ao R JFE FUG. ol
Chumlea52¢] A7 AFNAE Zeted o] dFo)
A gate FEEoIVL RS d&se 7MY A
ASFF YL AR E FEFo| A7) A
gy Wedth a2y Chumlea$?9e) AT ME
HARle] FEFold AFo] HrtE o Rio] W3
57 gkro} BAFAE R?O] 0.56014 0.59%
ok FAHAJY. HAUFEN BHolx FEE]
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W2 HSde R?0] 453 RMSES
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Table 4. Cross-validation of height equations on male and female elderly

Male
Constant error  t-value r SEE Total error SD

H1 81.87+1.25(X)—0.13(X1) 0.63 —0.71 069 424 4.30 3.32
H2 78.56+1.94(X2)—0.15(X1) 0.73 0.98 0.78  3.67 3.65 4.55
H3  58.704+0.62(X) —0.15(X1) +1.44(X2) 0.54 —0.89 0.81 3.44 3.47 4.65
H4 60.65+2.04(X2)" —1.30 1.52 0.71  4.18 421 4.90
H5 59.01+2.08(X2)2 —1.02 1.18 071  4.13 4.29 5.00
H6 95.79+1.37(X2)% 1.68 —1.95 071 4.13 4.99 3.29

Female
HWI1 91.37+1.22(X)—0.31(X1) 0.51 —0.97 0.60  3.07 3.30 3.51
HW2 89.63+1.74(X2) —0.24(X1) —0.04 0.08 0.55  3.20 3.59 3.70
HW3 77.9140.65(X)—0.27(X1) +1.08(X2) —0.11 0.23 066 288 2.99 3.38
HW4 84.88+1.83(X2)—0.24(X1)V -0.83 1.43 0.54 393 3.68 3.86 -
HW5 75.00+1.91(X2)—0.17(X1)? —2.08 3.45 0.51 3.30 3.81 3.83
HW6 58.72+1.96(X2)% —3.74 565% 039 8.54 4.19 3.74
X=total arm length  XI=Age  X2=Knee Height

Equations H1-H3,
Constant Error=(mean difference)
SEE(Standard error of estimate) =SD X}/ 1-R?

Total error=y (Predicted height-Actual height)%/N

SD : SD of predicted height
T-value : True difference significant at p<0.05
1) Chumlea et al.(29)

2) Chumlea and Guo{for white men and women)(37)
3) Chumlea and Guo(for black men and women)(87)

*p<<0.05
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Table 4= EAFo)A validation sample® FH
=g AE(E4 HI~H3, 92 HWI~HW3)#
ChumleaS29300] 12 =58 Wez F5d
A S (FA He~H6, 42 HW4~HWE) S cross-vali-
dation sampled] #H&3ld 718 ALSF HIEE
248 Aot FaoA FHHEY HYEE ¥
uHEE A FAHX G} HAASHAL AolQl
constant error(mean difference) ] B3 0.54~1.
68cmg o™ 24 H3ol 0.54emE 7HE AU, FA
AE RE7) AR 244 160.4cme} F2F9) o) E
Bo|z] gko} & RS} AA SHR o v]mA FALGE
AYE & F Uk ABAFE AEFE ol &g 4
H39 FAX7F 0812 718 Ekon F&dolg
vk o] 28 AHE 0.782 v XA FA Vel
olg B2 WSS THF Chumlea$?)9 4 H4
Bl A#Ao 3T vFAES A MEE
H4, H5, H6S Z#AF7E 0712 Y93 Utz
T3 AG ) AT E ol & T A HIZ ¥ H 2 0.69
2 yetsth A3 A 9] SEES} SEE] constant er-
ror®] G&o] FAld ¥rdH total errors HHEEL
o] &% F42 H3ol ZZ 344, 3472 71 A
Vel ZEolo} Ao T A5G o] &3 4 H3
o] 1 g o AHom UnA 4 59 total errord}
SEEE B|&& &0

o] z}ol| A ¥= constant errord] A Uhgke] 0.04~3.74
cmE tokatA vesit. $3459 FRASFE 0.
39~0.662.2 HAFAH AN G RTYE F LA
£ B & At 53 3949858 A3 AdE
HW6-2 Z3AF 0392 o} F BAl Uyghon o] A
FA3AE AA S FoAHA Aol Uepl &
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GEy ole UAFo wWE FAHY Aol7t EAES
AAFEL o AAAZH AR EXETF FA
§71e B7I98td A4 2R FAAY EEH
AL Had 27 vFAL YA 2 EE 4 Hy,
HW47} 7t frAb8t g ou b A 59 EFUAER

ro] 7}4 =31 SEEY total error’}t 7} Z oW A
EA 5o v S EREBAYG 2 Apol7t
e FExFO|, B, Ay AHFE LT 4
H37F /M3 A3t 2o £3 F&Eole 9
ozgt FAE 4 H29 HW2%E BZol EHo] &
ol8lA] & AMHo 2 AMEE F ubR £t
A2} o) M rof 713 %31 SEE, total error?} 7+ A&
AW FE T3t Ho] /b3 FFstttn AP
dx=le 43S dEsted 7 AR F
AL d9gd A FHFHY HPAH BT ol
AAE dZHFES SA G AAFHA A8
T 9%S Fojok 3ttt Chumleadt Guod® A%
FAA Y A FIAN FEEol ol ddo
52 7o) (buttocks-knee length) & FAE A5 QAEd
WS g7 AHEA] R20] AR AeE oy
ol EAol 41 Az AT A4u
=7o] 7hed WA J@o] FEEClE §30]
I 2XE AA FEFIT H42 AH3q).
A& 188y B AFoA HdEE FExol,
e}
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Wel A dse sy Azden. 2
FEEoluTE WsEA AFAZHE %Y
Aol g A5t 848 A9 %
220)% AFoz HE 7g A2¥4UE Yy
& AN,

dmﬂzigg-ln—{n—{
Y

4. HEFH

Table 59 validation sample2 #E B4 3]
4 (stepwise regression) & o] &3l AFE& FA
€ AEo ¥ " vl AFE F3¢
< AMEHE Hed A¥ge gt 24 4
Byt @R AFd MtEe AadE 1Y
22X YA (r=0.87) BEY (r=0.84), Folg
(r=079)&22, A Mes FEd(r=0286), 32
£#4(r=0387), Tt (r=0.80) &N =2 ettt o
®ol Ly} xd7) 4L YA F AAAS
A3 dgo] F7tel wet FHe Bade Od
sEgd 2 ddolsde F/13dy Budga
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Table 5. Equations for estimating weight in elderly men and women

. . Men(n=61) Women(n=124)
Predictor Variables Estmate R RMSE __CV___ Estimae R’ __RMSE _ CV
1. One variable 0.78 4.16 7.15 0.78 3.89 7.33

Intercept —14.36 —16.36

Waist C 0.88

Arm C 2.64
2. Two variables 0.88 3.14 5.40 0.83 3.37 6.34

Intercept —27.10 —30.88

Waist C 0.50

Am C 1.71 1.67

Calf C 1.28
3. Three variables 0.92 2.64 4.54 0.88 2.86 5.39

Intercept ~67.27 —35.61

Waist C 0.42 0.31

Arm C 1.66 0.89

Caf C 1.26

Knee Height 0.99
4. Four variables 0.93 2.49 4.28 0.90 2.67 5.04

Intercept —73.27 —57.00

Waist C 0.37 0.29

Arm C 1.25 0.91

Calf C 0.75 1.21

Knee Height 0.91 0.53
5. Five variables 0.93 2.49 4.28 0.90 2.61 2.60

Intercept —70.56 —57.40

Waist C 0.34 0.24

Arm C 1.16 0.78

Calf C 0.70 1.18

Knee Height 0.94 0.66

Subscapular $ 0.15 0.21

RMSE : Root Mean Square Error
C : Circumference § : Skinfold Thickness

F7t) v)& BERAgEHo| 7H45s v g
A5 dFAMNE 22 At gt

I Ed/gdFol sy v(E s AT I
olg#9 v)& AMARe] LXFH &3] dFEe
A 58 WARSES kg dvin G A Yoo
add @A AS o] Hge] ARG Etm
A A= ARt E’ra}*i FyxY AFE dF3hed
Y EdE HFEA st el Hole 47
go] EAF AN E Chumleas?o] A W49 e
Y EHE F7H8ld £43 A

date] AFFAA S sgd 2EUE dF F

4 AR A] R22 0.88 2 345 I RMSEE o]t}
a7l A FEEOIE U AEFS ALEYLY

CV ! Coefficient of Variation

RZ& 2a0 3= 09290 e s,
L5, FEEd 2oty Z8 e 0 452
AHERL T sdsne R2H A UEhtT
ARE WEAES A7 5719 WSS AFRA] R2S
AE FPHA Ao

gzele] AF L e e, B, Foly
Ed9 o] AT R2xolx YR BT} A
FEo] HLL B 4 A ojE ol A
FRYNE YEtRo] dzte) R2EolE YA
Ao wz} g W) gRolzt A

U BE AT daapte sAuszA ue
MFE dgstede FPed ol otk w3l
oE HRz s JE} o] 2909 WA Y5
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A 5 U0 2RAE AXY}l AFFAHA W
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D

AL FAE AREE YT 993
E2e o4 %—7&01 AANEHNE Bohe oHa &
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Table 6= Fr=¥ F449 EBIBEE A7)
3 o] A& cross-validation sampleo] 343 A}
Eo] Yeh} gt} Atd oz gy % 459
dRAFE ABeNA Y FHHE B & Hol
il SEE, total error® Y9ttt

g 3 BT 28 A5(EA Wi~w
5)9 Uehd FAFXE9 constant errord] AU
0.10~0.520]1 QA U7/ o H4ZF £33 24 warl 0.10
o2 744 FAUthuhd Chumlea?® So| AL A3
FAR A0 W6 constant error’} 4.212 UYERSTH
FRAFE S LTS A wid A 0.799 20}
A7t &, ALY, O S 23 4] we, Ws, W4, W5

rlo > ;1, mlo
_E\,_\'l'.

Table 6. Cross-validation of weight equations on male and female elderly subjects

Male

C Total
ons@nt alue r SEE °% sp
error €Iror

Wl —14.36+0.88(X)
W2 —27.10+0.50(X) +1.71(X1)
W3 —67.2740.42(X) +1.66((X1) +0.99(X3)

Wi —73.27+40.837(X)+1.25(X1) +0.75(X2) +0.91(X3)
W5 —70.56+0.34(X) +1.16(X1) +0.70(X2) +0.94(X3) +0.15(X4)
W6  —81.69+1.73(X1)+1.16(X2) +0.98(X8) +0.37(X4)V

—052 052 079 362 3.85 599
0.16 —0.20 0.87 2.67 3.09 6.99
0.13 —0.31 0.89 267 2.88 6.20

—0.10 0.14 0.89 269 2.74 575

—0.14 0.20 0.89 2.69 2.72 594

—4.2] 4.42* 0.83 3.69 3.63 6.83

WW1 —16.36+2.64(X1)
WW2 —30.88+1.67(X1)+1.28(X2)
WW3 —35.614+0.31(X)+0.89(X1)+1.26(X2)

WW4 —57.00+0.29(X) +0.91(X1) +1.21(X2) +0.53(X3)

Female
0.74 —0.96 0.81 407 4.16 6.66
0.79 —1.28 0.88 330 3.33 6.76
0.66 —1.29 092 2.72 278 7.10
—0.13 0.28 0.93 255 254 7.08

WW5 —57.40+0.24(X) +0.78(X1) +1.18(X2) +0.66(X3) +0.21(X4) 0.12 —1.17 094 237 253 7.24

WW6 —62.35+0.98(X1) +1.27(X2) +0.87(X3) +0.4(X4)"

—3.52  6.33" 0.86 3.07 3.25 7.13

W=Weight  X=Waist circumference
X2=Calf Circumference  X3=Knee height
Constant Error=(mean difference)
SEE(Standard error of estimate) =SD Xy 1-R?

Total error=y (Predicted height-Actual height)%/N
SD : SD of predicted height

T-value  True difference significant at p<0.05

1) Chumlea et al.(28)

X1=Arm crcumference
X4 =subscapular skinfold
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