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X Ray and Statistics George Sucher, Group Leader
Sylvanus Tyler

Time-series Investimatior. Several years ago the herctolagy Jroup

inaugurated an experiment in which blood counis were taknn’on four members
T the lealth Divisiorn on every working day Tor a ueriod of from one to iwo
years., Une of these subjects recaived a total body dose of 15 r Ziven within
two weeks alter the series of counts started. The statistics zroup was con-~
fronted with the two -roblems:
1. That statistical deductions could be made aboutu the
behavicr of the circulatipg white blocd cells in terms
of these data, and
2, In the light of the statistical nroperties cf the series
of counts, what could bs assertes sbout the significance

of an ovserved change in lymvhocyte level of the one ex=

posed subject.

k]

This launched an extended and laborius investig:tion of these data, The
results to be re-orted now are tut a rart of the statistical “indiqgz (in
addition to the hematological findings to be renorted by Dr. Jacobson). The

£indings so far [all under heading (1'. We are 110t yet orevared to ueks
statements about significance of changes, as in (2] ebove, in the oresent
case, or for any dute a Tormally similar nsture fror cther experiments,

The analysis to be reported here is the results of autocorrelations
calculated for the volymornns and lymchocyies of two subjecte. Iir an auto-
correlation of lag k days the coun%t of a ;jiven elerent of a zgiven subjecet on
day 1 is correlated with the count for the same element in the same subject

for day 14=P—P s where 1 ta¥es all values fror 3 =1 to 1 £ 1n =k - 1, where

n is the total nusber of Azily counts, Thig srocedure has recsive?d some
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devrloprent and application in economics but the present anelysis is the
first aprlication in biology ¥Ynow1 to the writer.

“hen the sutocorrrletions arce calculated “or a number of lags, end the
value of the correlation cceflicient is olotted azainst the log interval,

Ajugrar 18 known £3 a corrvelograrm. For the nurposes of our

< AL S g, L LS

the resultin
work, we Aid not comnute correlstions, but rather the closely related quen-
tities, covariances of lagged series. The covariance and the correlation
stand in & linesr relaticnship to each: other, so that the shape of the curves
nresented below (Figufes 1 or 2) is essentially the same as would anpear for

a correlogram. For the noment we will call our curves "self-lag varagnces

diagrams”,

‘The two curves of Figure 1 are the self-lag variances {or the lympho-
cvtes of iwo male subjects, =8 and RF. The log intervals proceed in steps |
of one day for the first twenty days, and than in steps of five days to
the sixtieth day. The urdinete scale {self-lag variance) increases from
top to botteor because the variance decreases 53 the correlation coefficient
increases.

The diagram show two kinds of behavior., There is & monolnne increase
in the magnitude of the log variance for about the first twezty days in both
men (seen as a steady decline in Fipure 1 because plotted upside-dcwn), In
addition there is a periodic behavior which is very prcnounced for long inter-
vals greater than twenty dsys. The waves ciznify the existence of periodicities
in the variation of the lyrphocyte level of circulating blood. In the diagram
for ES, pronounced peaks cen ve seen at 25 und 45 days. Since 45 days is neerly
an integrzl multiple of 25 days, we may conclude thei there is not an indenendent
veriod of [5 days, but rathsr & single prenounced poricdiclty cf about 25 days,
The disgram for RF is more comnlewx, but clear evidencs of neriodicity may be

seen here also. It will be necessza.v tc extend the lag znalysis

n steps of

v
[
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one day in order to define the behevior o7 these sysiems rore clearlv. Ip

aidition to the long roriods, there is avi-ence in the first 20 days cf
Lhe existence of shorisr -erlods.

The correlogi&m for the wolymorvhs ol one subject (RF) are jiven Tn
figure » , with the correlogran for ihe lyavheeytes of the sare subject. In
this figure the great difference in the siztistical chara~teristics of the
two systems may be clearly seen, The lyrnhocyies and polynorphs atert off
with correlations of about the same racnitude for a lag of one day, but there-
after the correlstion for the lymvis drop off rapidly, while those for the |
polys decline slowly, The correletions for the lymvhocyles érop below zero.
within 20 day lag, while those for ?he nolys are sti'l positive at 57 days
lag and do not gonear to reach zero level much before @0 days. This diff

ference may be described by saying that the two systems have different

relayation times.

The behavidr described abcve serves o indicete the difficulties im
discussing the siznificance of @ifferences between s-ts of messursments taken
in succession cn a single ‘ndividuzl., “hile we aré closing in on the solution;
the answer will not be ready soon, and meanwhile the inte Der&tXOﬂ of’ saveral
sets of daita of this type must remain in fioubt0

B. Analysis of blood nicture of white mole laborsiosy nersonnsl. ”ihgle
blood counts on 238 white rale laboratory emmloyes were analysacd. The follow-
ing variables werc investigated:

1. logarithm of 50 rinute sedimentatior
2. hematocrit
3. red blood cell count

4. absolute polvmorphonuclear count

£. absolute lym-hceyte ccunt

€. =age

=%
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_xnoeure hazard and nature of vork were disregerded  The variable of parti-
cular interest wes the sedi-intaiion, so every subject is reprnsented by a
sedimentation measure, .z nany as 40 sublects did not have measures of

one or more o the oth r variables, but for anv rair of variables gonpared,
the pumber of cases excoeded 200.

Produz =~o*ent correlations and correlaticn ratios were co»nuted for
the 15 distinct nairs o7 the six veriables. Cor-relstion coefTicients are
recorded in Trble 2. The two highest intercorr-l:tions are (a) sedimentation
ve, age (U156 2 +0.47€) and (b) wroly vs. lymsh ( ¥45 & +0.333). Correlations
greater then+0.14 or less than =0.1/ sre significantly different {rom zero
(5 per cent level}, Thus 10 of the 15 co~binations of variables show signi-
ficant relatisaship, The resnults agree with previous results, ~or those re-
lationchins nraviously investigeted,

4 comdlete table o partial correlation ~oeeficirnts of the fourth order
was conputed, ard is reparted in Teble 3. The coef{icients recorded here zive
the strength nf tne relationship between two varizbles when the remaining
four virisbles are hel¢ constant. rThus, i® X erd 7 are poéitively correlated,
but bota ere in aﬁd%tion nositivaly correletsd with 2z, the Tirst-order rartial

correlative V.2 will b~ smaller i £ guituds tlan the zero order correla-

tion (¢ Xy

1t may be seen by vonparing Tebles £ ard¥ thit for the most part there
is little AifTerence between the zero order and ourth order coefficientsc‘
Two of the fourth order coefficierts are significartly different from their
corresnonc ing zero orer coefficients., The corte’ition betwedn sedimentation
and lymnhocyte ccunt changed fron zero (& 152 -2.004) to a significant nega-
tive value ({-1 2346 < =0,1L7), erd the correlation between polymornh count
and age chanze3 from & significant nositive valve (¢ 762 +0.207). to & non=

362 . -
cignifican’, value 15,2235 = +0.055)
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Table &

“ero order proauct moment correlations of the Tcileowing variables:

2. hematoerit

. logarithm of 50 minmute sedimentation

3. red blood cell count

.. absolute polymorphonuclear leuocyte cell count
b t

5. sbsolute lymphocyte cell count

6. age in years et time cf count.

White male laboratory personnel.

2 =,155
3 =244
b o245
5 «.004

6 +.478

1099098H
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Table 3 )

Fourth order correlation coefficisnts for the same variables and

pooulation as in Table 1

1 2 3 4 5 6
1

2 ~.204

3 -,133 +,217

4 .24, 40158 =006 )

5 =, 147 089 ;.023 +.316

6 4423 4-142 JA9L 4,059 4,052
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“"hen the effect of other variables is removed, the nolymorph and
lyr-hocyte counts are not significantly denendent on uge., The net de-~
nendence of hemstoerit and red count on age is interest’ng because the
former comes out with a significant nositive corrziation while the latter
has a significant ngégative correlation with age. Both hzve significant
negative partial correlations with sedimentation.

The results indicate that several independent fecto.'s are necessary
to account for the rormal blood nicture. lore will be szid about thils

later,
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| after=Survival of "ice Tregted with Zincle Uosesz off X Haya. Figures
37 and thelir lejends jive a synoosis of the chroni: survival of mipe vhich
recelived single X-ray doses while young. The micc were the survivors of the
grours used by C %. Higen iun establishing the acute survival carves. Two

strains ol mice sre represented, narely, CFy Terales, and ABC mice of both

ct

sexes., The thirty-day LL_, for theus strains wss about 550 r, anié the

50
minimum lethal dose was about 500 r.

The aralysis wes conventinnzl Tor the survivership curyes (Figures
3 and 4) and for the after-expectation curve (Figure Z). Figures G zna ¥
are essentialiy rate of wortality diagrams, but the method of computation,
- described briefly in the legend, is rovel, and was employed bacanse of the
special rroblems which arise in corputing rate of rortslity statistics for
small groups on relatively large intervals.

The general conclusion is that single coses of X rays have effecte on
the after-expectation of 1ife which are coupareble to the acule effecis of

>

these doéesg For example, a dos- (50C r) which ccuses 50 per cent killing
within 30 days, reduces the afier-exnacticn of the 'urvivers {Carworth fe-
raler) by about 50 per cent, while 200 r, which canuses ne early killing, has
no significant effect on the length of &f survival., This wouid indicate
that the late mortali:y is related 1o the gravity of zcute injury and con=
sequent scar tissue Zoiwation, rather than to latent directi injury, since
the expression of latent direct injury SHOJIR be roughly oroportional to

the administered dose. Etudies now unier way ars intended tc answer some

of the questions raised by this praliminary investigstiorn.
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Figure “. Survivorship of CF153 mice after single doses

2t about 2-12 geeks of zge. Caly those mice included
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Figure 5.

10990987

Msan after-survivel of mice oxposed to single doses of X roys
at 8 - 12 wosks of age. Same groups os for figures 3 and 4,
Hote ropid decrease as doses enter the renge of freetional
acuts lethclity. Note also that slope of the rapidly decreas—

ing portion and “threshold™ dose are of a samsness for the two

strains,
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Figure¢ . Logarithm of instantancous rate of mortality vlotted
agajnst time after treatrent, Tor CF1 females, Scale
of convertional death rates on rignt hand side, FHots

straighteline form and anrroxinzie constancy of slopes

for the four groups, The voints ziotted are the values:

—~& log 1l x
on 2 log scale, so tnat the straight line relation ray
be written
log { =D Jog 1 x) = AtT R
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INSTANTANEQOUS RATE~OF MORTALITY
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