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minutes to  a hours. the  hrst three components. plus the 
largest par t  of the  fourth. a re  included. Estimations of 
the tilth and sinkh components v e r t  not possible in the  

second component n i t h  sliph1l? larger error than ulrh 
the method previously dercrilwl. 

The second component i s  cxprrrscd in terms oi 

Stat!stical Analysts. The  correlation chosen to bc 
1 

I 

component. the rate having a half-t ime d over r hour. 

! These were approximate values obtainen irorn previous 
longer measurements i \ i th sodium. The. hypothetical 
tiith component line \\as then subtraiced .irom the  _ .  : I 

nents were extracted iolloa.ing the regulu- graphic-. . 
for mtimaring exponential fun,+.+ B~~~~ ;: iKeiena1ysis oi the curves from the group of 

of the  slowness of the rifth and sixth emponcnts in m q e &  studied indicates that the second 
relation to the second. plus the small a n w i w l e  of the  - romp&nt develops durlng the hrst I .  j min- 
riith. the use of an a v e r w e  value as a co5ec(ioqJactorr et& & [he faster rate subjects and during Io to  subtract  the effect oi  the% slow c o q p o k n t i  adds ' - .- 

r; i - -  ' _  fi& ' I to 91 seconds. The half-time of rhe component. ... 
\Vhen measurements are continued a r  East sd- &m&omponenr was plotted against the age 

minutes a simlder PrWedUrC for estimariqg bhe3atZ o k  Gf .@&subjects as shor\-n i n  figure I .  .llthough 
t h e  second conilionrnt can be folloned h ~ e ~ ~ l a l i n ~  

tua] Curve to zero time. The  cutsequent extraction oi 
the  earlier componenis ((111 recult in a hali-time o i  the 

cas= tlfE method of least srluarer 1\35 used 10 deter 
mine #e regression and currelation coeiiicients a n d  
the  &a&rd error o i  es t in~at r  

.tctuaI curve and the fourth.  third and pecond c o n ~ p -  . -- 5 RESCLTJ 

, ' 

,,,,I! a nrKliKil,le to the estimation;pf ~ k e ~ m ~ l i  i+iw#s for the sIo\ves: [he half-time ran& 
I _. . 

ellher the  fourth or the fifth con,lmnenl) (rb;n$h&.$& .! \%d@ scattering and over'npping is Observed 
tor the individual poinls of Inen and 
the general [rend is for the Tales 10 be siOwd 
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w i t h  aging oi the subjects. In general. faster 
rates ivere ohserl-ed in M-omen than in nien ot 
the same age. as sho\\-n in  the regression lines 
n i  both %=ses. The repression line \cas assumed 
to be a straight line. The error of individual 
measurements is too large and tlie number oi 
subjects too small IO prove whether there is a 
tionlinear regression. 

The results and statistical analysis of this 
croup are also shotcn in table I .  As may be 
observed. the average half-time for the second 
Lomponent in men was j0.j  seconds for an 
average age of 49.8 years. whereas in women 
it was 4 j . 6  seconds for an  average age of j4 .1  
>-ears. The regression coeficient. bhr. was for  
nien 0.93 * 0.04 sec yr, .  for women 0.86 + 
0.03 sec yr,  and for the group of both sexes 
0.8; zk 0.04 sec yr ,  The standard error 01 
estimate. uha1 was 11.9 seconds for men, 8.8 
seconds for women and 1 1 . 1  seconds for the 
group including both seses. The correlation 
coefficient. rba. was 0.79 for men, 0.S8 for 
women and 0.6j for both sexes together. 

To estimate the difference between the 
second component half-time of both sexes. j o  
years was chosen a s  the age for comparison. 
since the average age of both groups was 
different. The half-time corresponding to jo 
years estimated from the regression line is j 0 . 7  
seconds for men and ~ 2 . 0  seconds for n.omen. 

The reliability of t w o  tests \vas estimated by 
measuring 20 subjects tivice on different da>,s 
and each measurement was estimated only 
once. The average half-time was 47.6 seconds 
Tor the hrst measurement and j j . 4  seconds ior 
the second measurement. The standard error 
of estimate. u,, .  was 8.4 seconds and the cor- 
relation coefficient. r,,. between both tests 
was 0.81. 

The reliability of t w o  separate evaluations 
of the same measurements was determined by 
comparing the estimation of 3 j  known sub- 
jects with the estimation oi the same subjects 
from unknown cunes.  The average half-time 
was 39.0 seconds for the hrst evaluation and 
38.5 seconds for the second. The standard error 
of estimate, u, , ,  was 8.0 seconds and the cor- . ,  

or a difference of 7.8 seconds (Gb!? e. .: G Flation coeficient. r , , ,  hetween both evalua- 

being influenced by knowing tlie &-and %s< @ a group of nine unknown subjects where 
of the subjects, the time-conceli_tration curves., {W evaluations from the same cun-e xere 
of 18 men and 19 women fromfjo t o  jo y@r+ m d e .  the average half-time ior the hrsr 
of age were replotted. coded and. shuffled:to. evguation was 39.6 seconds and 40.8 seconds 
be estimated again by the sam&etson without- for<xhe second. The standard error of the esti- 
knodedge of the age and sex of the indi\.idual.. ~ b $ e .  ut,, was 6.4 seconds with a correlation 
In addition, nine curves taken &I random from coficient. rll. between both evaluations of 
the same group of subjects &re duptjcaked: +.e. 
and mhed with the others. T h 6  group of sub.  e average of two measurements of the 
jects. hereinafter referred to !\e unkn0sr.t individual with one evaluation each. 
group. was compared to the,;sa*e 'subject% an rhu of 0 . i j  and a Uha of 8.7 seconds, 
hereinafter referred to as  th$.$own grou& &&reas for the average of t\vo evaluations of 
which had previously been Pstfinu e curve rhr \vas 0.j5 and Uhr was 8.6 
knowledge of their age and se.? ' I  2 

The results betsveen t h e s e . k . v $  measurements were performed at 
known evaluations are pregnkd: times, the data were divided into sub- 
table z to compare the ses d i f&qc4  a i d  pa@ -:g@ups of morning and afternoon. and regres- 
in table 3 to compare the regre&@ iigdCo$ele 5 s b n  lines were estimated in both seses, i n  
tion coefficients of the half-time with age a a  oFder to determine whether there was any 
the standard error of estimate. difference. For both groups. as sho\r.n in figure 

To determine the possibilitypf.!;th,i # S U ~ S - ?  Go@ was 0.7 j. 
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I'ir-t  croul>. 0 1  men a1111 ;o n<>rnrr n h l w  JL'C an,/ 
( i c w  Lnonn 5rcond snil r h i r r i  crrmup tornwl I,, 

.ani,. I S  nien an0 t o  n o n i m .  ;o-:o > r  nld C V ~ U I I I ~ ~  

\I t i h  I non  Ic(!gr oi  their age and MY in hrci  p o u ~ ~ .  nrill 
t r m i  unLnonn curtcs in  thr Eecord The I r a i i u  mrl 
l t r ~ h t ~ i l i t ~  i n r  u c h  priwl, 

1 .  the regression lines indicate faster hali-times 
i n  i he  morning than i n  the aiternoon in  women 
aped from 1 2  to i j  years. in men aged i rom ' 2  

1 0  h j  >-ears and slightly the opposite i n  the 
later years ior both men and women. The 
regression slope was increased per !.ear of l i ie 
i n  the morning group to 1.02 f 0.14 seconds 
in men and 0.94 f 0.10 seconds in  women. 
and in the afternoon group to 0.84 * 0.06 
seconds in men and 0.82 f 0.9 seconds in 
women. Howel-er, the number of subjects 
studied was too small I O  give statistical sig@h; 

3 1 '  cance t o  this difference. - 
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studies oi gases in  humans. The rate oi a r b o n  
monoxide eliniination at rest \ \as iound 10 be 
iasier in women than in men Oi alrlirn\imate 
age I 5 1 .  This sex difference \vas approlimately 
maintained when tlie CO elimination rate !vas 
accelerated by exposure to an ambient PO.: 
irom 0 . 2  to 2 . 5  atmospheres. The oxygen re- 
Lovery raLe after mild esercise was iouiid to be 
s h y e r  in a group of women than in men 161. 
alihough the oxygen reiovery rate has been 
shown to be influenced by t l i e  aging of the sub- 
iec'ts I I I .  Differences in physical titness in both 
j e e s  might explain this re\-erse situation. The 
blood velocity rate has been determined as 
slightl! iaster i n  nomen than in men 1 ; I .  The 
stantlard error oi estimate oh. irom the regres- 
sion line is a good indes to estimate the signih- 
cance of differences from iiormal beha\.ior that 
mighr be obsewed in one or more measure- 
ments. For a single measurement. the standard 
error is quite large: i t  can be decreased b!- 
separation of sex. morninp and afternoon 
measurements. as  \veil as by tn'o independent 
evaluations of the same curve. The average of 
two measurements on ihe same individual on 
different days also decreases the standard error. 

The four main sources of variations con- 
Lributing to the standard deviation are: a )  the 
technical errors. b )  the error in the graphic 
evaluation of esponential func!ions. r )  the 
individual variations and d )  the.$hgsiol@ic&l 
variations. The number of c a w  a:na&.zed I s  

houever. that the mi\i iy n i  ;I iui):rante n ~ t h i t i  
the blood aiter the inira\enous n(iministraiion 
of a single dose otLurs Iriniartly iollq7\\i11g 
three conilioneiits. 

The tirst Lomponeni represents tlie rni\iiiz 
of the injected substance n i t h i n  the lung 11ool 
and distribution t o  all ilie utlirr b d y  p ~ o l s  
through the arterial tree. The second tom-  
ponent probably represents the coiitribution to 
the mixing by the pools oi high periusion rate 
and situated close to i h e  heart. The third rom- 
ponent would represent the contribution to 
t h e  molecular mising by the pools of Ion. per- 

:fuiio_n rate and situated farther from the 
he& 
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FIG. 2. Relationship oi age of subjects to half-time oi second component and time oi day oi periormancr 01 

measurement. Regression lines obtained irom groups oi normal individuals. !den. :o in mornme and j; in aiter-  
n w n ;  women, 24 in morning and 46 in niternoon. 

diffusible into the interstitial h i d  (9) shows peripheral resistance. blood pressure and blood 
slight differences rrith no statistical signifi- viscosity and an acceleration in the pulse wave. 
cance. The hypothesis of a decrease in ca_pillay The blood flow of certain organs. such as the 
permeability with aging has been contrge&iaI.  k i d n e s  (14) and muscles ( 2  I has been reported 
The results obtained by Holman ( s o )  j n  a06 twd-rgtse markedly with age. 0i.all the fac- 
using large molecules like protei& -do n6 t  . tors-;$umerated. the increase in arterial 
agree with a previous suggestion of% decrease s c l e 5 4  and peripheral resistance in rhe aging 
in permeability by Drinker ( I  1.1; me- fess . qf niir@I human beings seem to be the factors 
restricted diffusion through the capillary: wall . mi06 l&ely to influence the remarkable slow- 
for sodium chloride than for noneiectmlyte., $g$fzhe rate of the second component. 
molecules, as  shoim by Pappenheimer e/ a/. 
( I ? ) ,  decreases the probability that aging may: '.; 

influence the permeability of . tipillaries . _  te. 1 gh6measurement and evaluation of an  early 
sodium. ?ate d Sa'* movement in normal subjects oi 

If capillary permeability is not $n imporCfim &&&xes is described. The rate of Sa2 '  move- 
factor in slowing the second cofipaneht,.'the ImthLidesignated as the second Lomponent is 
effect of aging in the c.ardiovaFu$r systerf, &&r&dly slowed during ihe aging process. and 
and consequently in hemodyn$nks;xhou@ ;t& &rrelarion betlveen the rate and age is 
then be assumed to be the m e t  GrnkalaE :)s&i$cant. The rate oi the second component 
factor. .Imong the a n a t o m i c . a ~ a ~ , ~ 4 g . s U - r : i 4 : ~ r e  rapid in women than in men of the 
logical changes in the cardiovi jcdar .spteih 2 *,age. The sex difference observed for the 
observed during the aging pro(psgs@hdd @e? &e$ge half-time of the second iomponent ar 
mentioned a decrease in card& &t@L'?(G),; &e.$'hosen ape of j o  years is statistically very 
a n  iiikrease in  the sclerosis nf the arteries. Eignkcant. The differencm ubserved in the 

:! 5 9 
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re:res;ion ~ . n 4 i c i e n i ~  ni Loth sr\es are. lion - 
el-er. of  leis ~ i a i i ; i i ~ a l  s.i!:iiiticance 

\ 3iitgle nieasuremen~ and evaluation oi the 
half-rime ni [lie secoiir l  konilionent ha> ;I 
limired \.,iiue ior ilererminin!: the relationshiii 
hecwerii i i i e  rate oi I~locnl i i i is i i ip oi a n  intli- 
vidual i t )  l i i i diroi inlogcal age be<,iuse of the 
Iarqe j tanr ldrd error. \ lore t h i n  m e  measure- 
ment and evaiuaiioii as uell 3 5  technical im-  
prtn.eiiieiiis are necessary to (lecrease this 
error. The i)resent technique is  adequate 10 

study, i i i  a group of subjects. t he  deviations 
from Ihe nnrmal regression line of the move- 
ment rate versus age. 

. 

. 

The authors nish tu d . o ~ w I e l e e  thcir a lq) rK ia t i<m 
I O  \In. Cathriiir Ccthn icrr hvr ui in x ~ u r i n g  /)crsoiis 
ior ihrsr 5rudics. 
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