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A Multiple Regression Model for Physiological Age (1)
—on the Case of Adult Males—

Kazutoshi KIKKAWA, Jukichi MATSUMOTO
and Tetsuro OGAKI

Summary

In this paper, a predictive equation for chronological age (AGE) from various physical
performance test, anthropometric measurements, and internal medical indecies. Fifty-five
healthy adult males, aged 32 to 59 years old, volunteered as subjects in this survey.

Data for this study were collected during the course of another study of various indices
on the degree of health and fitness and life-style. Information collected included the fol-
lowings: vital capacity (VITAL), grip strength (GRIP), back strength (BACK), standing
trunk flexion (FLEX), standing blinded balance (BALANCE), heart rates after stepping
test by Margaria’s method (HR1, HR2), heart rates at rest (HR), estimated % fat from
skinfolds thickness (FAT), and systolic and diastolic blood pressure (SBP, DBP) at rest.

Forward stepwise regression analysis examined the reliability of the physiological,
internal medical and anthropometric measurements as the indicator of age.

At the each step, the statistics of degree of fitness, that is, Akaike’s AIC, Mallows’ Cp,
Schwarz criterion and R *(adjusted for d.f. R) adding to multiple correlation coefficient R
and SEE (standard error of estimates) were calculated. )

The results obtained were as follows.

1) The specified features were not shown from descriptive statistics of dependent and
independent variables. Multi-colinearity was not shown from independent variables cor-
relation coefficient matrix (11x11).

2) In terms of following variables order, all variables were entered into equation;
BACK, VITAL, SBP, GRIP, HR, DBP, HR2, HR1, FAT, BALANCE, FLEX. The multiple
correlation coefficient R, and standard error of estimates (SEE) were 0.6317, 7.37 (age of
years), respectively.

3) The equations obtained at each step, which included mindependent variables at m
step, in general, were evaluated by several statistics such as criteria descrived above. Ac-
cording to these criteria, following descrived equation which included BACK, VITAL, SBP
and GRIP was selected the best equation.

$=53.07—-0.219xBACK—.00398x VIT AL+0.1573xSBP+0.253xGRIP.

However, this equation was a problem that the regression coefficient of GRIP was
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Therefore, another forward stepwise regression analysis was conducted after
Cosequently, following equation was the better one and its multiple

positive.
GRIP were deleted.
correlation was 0.612.
$=57.93—. 171X BACK—.00327x VITAL+.1468XSBP
4) When VO2 (estimated maximal aerobic power by Margaria’s method) in replace
of HR1 and HR2 was added as the 10th independent variable, at the lst BACK was entered.
VO2 at the 2nd step, and VITAL at the 3rd step were respectively entered and the equation

was descrived as follows:

$=89.0—0.161xBACK—0.042xV02—0.00278x VITAL (R=.6408)

However, the calculated V02 was unequal to other variables as for the age changes
because this variables were essent1a11y designed to correlate to chronological age.

5) The specific problems of these equations was not obtained from residuals and the
co-ordinates of eis (standardized residuals) and predicted age, so the high reliability was
verified and the validity of this equation was verified by the results of preceding studies.

(Journal of Health Science, Kyushu University, 9: 147—157, 1987)
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Table 1, Descriptive statistics.

al. ® OFETHRABKENRLHEEL LS & LK
D 1 B S XU 2 AREO.AEEZ N ENR]
£ (HR1, HR2) L, REHEOOARK (HR) &&biT
PR ZERRE Udco UXHEHA « 315 3R O 2o BA AL FE &
(SBP, DBP) bERBICTEREEOIEELE LTRIRL
7o

HERELoUICER
1. BEXRHEEH=EICONT
£— 1 ICIBEH (AGE, #BLEH) BLUHIE

BT >V TOFEE, 28, SHORBREREEARST
BA/RLTW3, BALANCE OFEE « REARL &

e | MBAN| sD | stwess | KuRross FHICRIE & 3~ & 7 — 5 B ORI T, SHkic
AGEvo 2 s58| 0.531 ] —0.650 ﬁﬁ?lﬁ]ﬂ%ﬁ}if{ﬂi%@ﬁ;ﬂbi FC@_?—&@?&?&
AT % 3 o o100 | —o.sas k'l_ FHEICRONE DY & LTEZTEL BEMD
GRIP, kg 45.4 7.06 | 0.262| —0.776 523_ ° ARSI R
BACK ke 167 | 20.56| Z0.051] 0.71% 2 RUREH, MR H RO MBI R
BALANCE,sec | 34.9 | 29.6 | 1.531| 1.618 LizbDTH B, MUEHROMBEE L & REES
FLEX,cm 3.53 8.03 | —0.687 | —0.429 LIFPDF - I BT L > THEINL LEVHBEL
VITAL,cc 3458.4 | 733.8 | —0.040 | —0.622 B (Multi—colinearlity)® 91920202834 oy Rgagss
HR1,beat 120.3 | 13.2 | 0.234| —0.99 Hb, F+FOV—ET 54 RIS ERLREHOE
HR 2, beat 156.9 15.8 | —0.075 | —0.586 #ELT (1) fTHIOEBEMEA0.01LIFO/NE VB D
SBP, mmhg 126.3 | 119 | o0.241| —0.666 Bhobhadge, (2) BEREEOFEEMIIZER
DBP, mmhg 2.7 | 9.58| 0.160| —0.073 @ﬁf 5{%%@%5&%@3;%;?& ‘%fi &’%géﬂg
HR boat . 756 | —0.004 | —0.427 Wa%, CofAPERL, MELEIORERRES

TRICBOTTH » TRICEZEHEE CBRA LB
Table 2. Correlation coefficients.

VJ({I\I/;?;I?I),E (1 (2 (3) (4) (5) (6) 7 (8) (9) 10 (1) 12

AGE 1.00

FAT 112 | 1.00

GRIP —30t | —186 | 1.00

BACK ~498 | 008 | 626 | 1.00

BALANCE | —208 | —097 [ 184 | 155 | 1.00

FLEX —028 | —142 | 032 | —013 | 060 | 1.00

VITAL —412 | —345 | 439 | 260 | 354 | 114 | 1.00

HR1 —008 | 164 | 104 | 123 | —123 | —172 | 005 | 1.00

HR 2 072 | 157 | —043 | 034 | —212 | —278 | —123 | 830 | 1.00

SBP 269 | 158 | —147 | —o74 | —258 | o006 | —125 | 296 | 342 | 1.00

DBP 235 | 257 | —076 | —043 | —203 | 112 | —181 | 231 | 223 | 692 | 1.00

HR 082 | —082 | 135 | —o31 | o72 | o067 | o061 [ 468 | 414 | =218 | 336 | 1.00

decimals omitted.
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Table 3. Entered/removed variables and several criteria statistics of their equation.

+VARIABLES RSS R? R*? Cp AIC Schwarz
I +BACK 2989.6 0.248 0.234 0.828 444.159 444,167
II +VITAL 2649.1 0.333 0.308 —3.303 439.509 439.52
m | +SBP 2487 .4 0.374 0.337 —4.214 438.045 438.06
v +GRIP 2397.5 0.397 0.348 —3.833 438.02 438.04
V | +HR1 2394.0 0.398 0.336 —1.897 439.94 439.96
VI +HR 2391.0 0.398 0.323 0.050 441.87 441.90
vi | +DBP 2390.0 0.399 0.309 2.032 443.85 443 .88
Vi | +FLEX 2388.9 0.399 0.294 4.012 445,82 445.86
X +HR 2 2388.7 0.399 0.279 6.009 447 .82 447.85‘
X +FAT 2388.5 0.399 0.262 8.005 449.81 449.85
X | +BALANCE 2388.3 0.399 0.245 10.001 451.81 451.85
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Fig.1 The changes of criteria of goodness of fitting.
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Fig. 2 Plotting of standardized residuals (down, STRES) and predicted age (across,
PRED) from equation {3].
Table 4 . Descriptive statistics of predicted age and residuals from equation[2].
MEAN SD 25%ILE  50%ILE 75%ILE SK.QT SK.DQ KUQ SKEW  KURT
PREDICT 45.2 5.25 41.5 46.3 48.6 —.352 —.299 .504 2.51 —.002
RESID 0.0 6.79 —4.0 —-1.2 4.6 .349 .115 .430 2.25 —.111
Table 5. Entered/removed variables and several criteria statistics of their equation.
+VARIABLES RSS R? R*? Cp AIC Schwarz
I +BACK 2989.6 0.248 0.234 5.990 444,159 444 .167
I +VO2 2613.4 0.342 0.317 0.567 438.762 438.773
I +VITAL 2417 .4 0.392 0.356 —1.301 436.475 436.489
v +SBP 2342.3 0.411 10.364 —0.783 436.739 436.757
) +GRIP 2269.1 0.429 0.371 —=0.227 436.993 437.015
VI +HR 2257.0 0.432 0.361 1.534 438.698 438.724
VI +BALANCE 2245.8 0.435 0.351 3.313 440.425 440.454
VI | +FLEX 2234.3 0.438 0.340 5.086 442,143 442.176
X +DBP 2232.2 0.438 0.326 7.045 444.‘091 444.128
X +FAT 2230.1 0.439 0.312 9.004 446.039 446.079
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Fig.3 Plotting of standardized residuals (down, STRES) and predicted age (across,

PRED from equation [4].
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