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PREFACE

This memorandum is divided into three parts: a summary,a
main body, and appendices. 'I he summary and main body are
directed toward the military groupwhose interest is in the taflflal
significance of stress effects. The appendices contain statistical
analyses data and detailed discussion of the results which,
although lependent of the main body, will be of most value for
those e- in research on stress.

The -usults are based on data collected in Korea in 1952 by a
team organized and directed by the Operations Research Office, but
in addition representing the Office of Naval Research, Naval Med-
ical Research Lnstitute, and Surgeon General's Office of the US
Army. Members of the team included: LCDR N. Pace, LT E. L.
Schaffer, and LT J. H. Kilbuck, Office of Naval Research Unit No.
1; LCDR D. Minard, Naval Research InstItute; Capt E. R. Kolovos
and Capt G. H. Longely, Office of the Surgeon General, US Army;
and S. W. Davis, F. Elmadjian, L. F. Hanson, and H. S. Liddell,
Operations Research Office.

The authors wish to make special acknowledgment of the
assistance of Dr. Fred Elmadjian of the Worcester Foundation of
Experimental Biology in furnishing some of the analytical material
for Appendix A.
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PROBLEM

To determine the extent to which combat stress affects the tactical use-
fulness of infantrymen and infantry units.

FACTS

Combat stress can result in ineffective performance of infantrymen. This
has been reported by commanders who, in their planning, must make allowances
for deterioration in effectiveness of infantrymen as they continue in active com-
bat. Qtantifying the effects of combat stress would assist the commander in
making proper allowances for stress effects.

As thc firsL step in evaluating stress in combat, a research team went to
Korea in the fall of 1952 and examinedthe physiological and psychological changes
that occur as a result of combat stress.

This memorandum is an interpretation of the data obtained inKorea inthe
light of military effectiveness. Some of these data used here are also described
in the preliminary report of the team.* Since that report, there has been further
analysis of the samples obtained which has provided additional data. This
memorandum is an interpretation of the data which is supportedby the symposia
held at ORO on stresst and by results reported in the literature.

DISCUSSION

Twelve psychological measures were employed to assess the effects of com-
bat stress on such complex behavior as judgment, memory, abstraction, andthe
sensitivity of neural mechansims. Twenty-seven physiological meas-es,";re
used. A majority of these measures were 2imed at assessing the effect of om-
bat stress on the function of the adrenal gland. This function has many important
effects on the physiological processes and has been shown to be essential for
adjustment to stress.

These measures were administered to three groups oi iniantryrmtut iutea.

Two of the groups, Able and George Companies,were engaged in active combat
of varying intensity and length. Able Company of the 31st Infantry Regiment,
7th Division, was the lead company in an attack on the Triangle Hill areanorth
of Kmlnhwa on 14 October 1952. The combat was intense and lasted 18 hours

*Operations Research Office, ORO T-41(FEC), 'A Study of Combat Stress, Korea, 1952 (Preliminary
Report).'

tOperations Research Office, ORO-T-185, 'Fatigue and Stress Syrpoaium," 10 September 1952, and
Operations Research Office, ORO-T-256, 'The Role of Fatiguet and Stress in. Military Operations,ý
2 Dc•ber 1953.
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duringwhichthey suffered 61 percent casualties. The groupwas measured prior
to combat and three times after comiat-after 12 hours, 5 days, and 22 days.
George Company oi the 17th Infantry Regiment, 7th Division, occupied from 15
to 20 October a defense pnsition in the same onmhat area that Able Company had
attacked. It tuok 17 pe -cent casualties during this less intense 5-day combat
period. The group was measured twice postcombat-.after 12 ;iours and after
11 days. A third group was comprised of men from three rifle companies of it.e
15th Infantry Regiment, 3d Division, who had been assigned to a regimental
blocking position immediately behind the Main Line of Resistance (MLR) on the
central front in Korea. This group, which was not committed to combat, was,
hov-ever, catled upon for frequent patrols and was subjected to heavy artillery
fire. It was measured twice (testing times separated by 11 days) and the data
were used for purposes of comparison.

The data which proved to be moet valuable were those wiLch gave an indica-
tion of the activity of the adrenal gland and its effects on body metabolism. The
function of the adrenal gland during periods of stress has been the subject of
much research. Although there is no single measure of adrenal function, con-
siderable meaning has been attached to the interrelation of many physiological
measures in interpreting adrenal function. Some of these measureb were
observed in Korea and have been used to draw conclusions pertaining to the
effects of combat stress.

The investigation of the role of the adrenal gland in stress is progressing
rapidly and new information is being added constantly. The effects recorded in
this study will not be altered although further research may modify the causal
relations Jiscussed.

The conclusions drawn in this study of necessity deal with the alterations
of body function and, as such, do not satisfy the final goal, which is to provide
the infantry commander with an understanding of the extent to which combat
stress afiects tactical usefulness of men and units. However, since the groups
studied were engaged in typical combat, these conclusions are an important step
in answering the ultimate problem since they provide combat information which
serves as a firm basis for definition and further experimentation.

CONCLUSIONS

I. Th ie ,cv tidtnict tut btiug in blocking position behind the MLK aoes
not alter the normal physiological function of combat Infantrymen.

2. A short period of intense combat results in a characteristic set of
physiological changes for the average infantryman (a high degree of adrenal
responsiveness, increased protein destruction, and a shift in the balance of
body salts).

3. A period of prolonged, less intense combat results in a different set of
physiological changes in the average infantryman (a low degree of adrenal re-
sponsiveness, normal protein destruction, and a shift in the balance of body
salts opposite to that observed in short, Intense combat).

2 ORO-T-295



4. Although the response of both groups can be considered normal stress
responses, that of the short, intense group is characteristic of the initial or
adaptation phase of the strtnn* reaction, and thaL of tne prolonged, less intense
group is characteristic of the second or resistance phase of the stress reaction.

5. Men exposed to the same combat reach the period of maximal physio-
logical adaptation to stress at different times.

6. Time taken tc recover to normal physiological levels after inter se com-
bat of 18 hours is approximately 6 days; after less intense combat of 5 days it
takes approximately 13 days.

7. Based on physiological function alone, combat of a high level of intensity
is more costly than con: c-at of a low level of intensity in that recovery time is

longer in proportion to the duration of the stress.
8. Based on physiological function alone, the initial period of combat is

more costly than continuing in combat past the initial period in that recovery
time Za longer in proportion to the duration of thr stress.
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wrRODUCTION

Objectives

A commander must consider the degradation of effectiveness of his men
as tbey continue in active combat, just as he considers and compensates for
the degradation of performance of his weapons. The course of weapons dete-
ric:ation as a function of iate and amount of fire is well defined, and correction
for this deterioration has become standard procedure. The course of the dete-
rioration of performance of infantrymen due to the stress of active combat has
not been determined. Therefore, in making allowances for performanze deg-
radation, the infantry commander has had to rely on latuition and rules of thumb
based on inadequate information.

As part of a consideration of -nfantry combat effectiveness, it is impor-
tant to be able to determine the extent to w* ich combat affects the infantry-
man's performance. The course of performance changes during combat and
the period of recovery should be traced using indic..,s readily available to the
commander. Given such knowledge of deterioration to supplement his con-
sidcration of previous performance, status of training, etc., the infantry corn-
mander would be better able to determine the length of time a company can
rem,,ain effective in combat, which of several units is in best condition to ac-
complish a given mission, and at what time a relieved unit is ready to be
use - - -.

Background

Some of the foremost scientists working on problems of stress attended
a symposium at ORO to help this organization form a logical plan for determin-
ing the relation between combat performance and combat stress. They con-
cluded that "present knowledge of the fundamental underlying mechanisms of
fatwue and stress is inadequalte iu ' L -- the -' ree of _--_ .. . f,.., CA%

permissible limits of deterioration, predict imminence of complete collapse,
and describe the interrelation of stresses anti tolerance limits under varying
conditions." And recommended that "description and definition of the nature
of the problem and id.3ntification of important stress factors and fatigue
reactions in combat situations shonlld probably be made under combat
conditions." t '4 * Based on this recommendation, a research team of 13 went

*Superior numbers refcr to the reference section at the end of dLiti meoinoialduwn; numbers i- perenthesis
refer to page numbers when cited with the texn referencA..

fjlf 0rT. -9 7



'4. . it - U t tu~ .- L±- _-.1 t1i'tt 1 i-kARM" ý-tf lt UtLi0tL..- X1 W -

tailed description of the methods of measurement, the raw data obtained, and
a preliminary analysis of portions of these data are reported in ORO-T-41
(FEC).2

Following the return of the team from Korea, the results of the study were
presený.ed at a second symposium composed of representatives of military and
civilian research organizations. -n order that their research experience could
be brought to bear in interpreting the findings.3

The analysis of the data obtained in Korea, in the light of information
gained irom the symposia and a detailed survey of the literature, is the major
subject of this memorandum and provides some important facts regarding
(a) the different physiological condition of groups engaged in combat of vary-
ing intensity and length, (b) differences among individuals in each of the groups,
and (c) time taken to recover from combat of different intensity and length.
Obtaining information pertaining to these problem areas does not satisfy the
final goal, i.e., to provide the infantry commander with an understanding of
the extent to which combat stress affects performance or with readily avail-
able indices of performance change3 with combat stress. However, lacking
basic combat data at the outset, these facts are an essential step toward
satisfying this ultimate goal.

For purposes of study the total stress reaction has been divided into two
general categories: physiological and psychological. The physiologists are
concerned with alterations of bodily functions with stress. Measures in this
area are readily quantifiable and are prerequisite to a complete understanding
of the body's total reaction to stress. The psychologists have emphasized the
study of alterations of complex behavior with stress. Measures in thP. area
are not so readily available or quantifiable. Since maintenance of suitable
behavior patterns is important to military effectiveness, however, a knowledge
of behavioral changes with stress is essential.

The team which went to Korea to study reactions to combat stress repre-
sented fields of physiology, psychology, medicine, and psychiatry. The team
operated in Korea from a laboratory which was established at the 8063 Mobile
Army Surgic.:l Hospital (MASH) supporting the 7th Division on the central
portion of the Main Line of Resistance (MLR).

Psy~chological Measures

The psychological measures used by the team were selected to measure
the effects of combat stress on such complex behavior as judgment, memory,
abstraction, and the visual and auditory critical fusion frequencies. It is these
measures which the symposium' and a survey of the literature4 suggested would
be the most aavcted when ihe tolerance limits o1 the higher functions of the
central nervous system are being exceeded in combat. Judgment, understand-
ing, 2nd similar higher mental functions are assumed to be fundamental to the
maintenance of effective combat performance. The actual tests were for the
most part established tests designed for measuring the behavior factors out-
lined above, although in some instances the standards set by the authors were
modified to meet field conditions.

8 ORO-T-295



LPhysiological Measures

The majority of the phyiuluogical measures sel-cted by the team were
aimed at assessing the effect of combat stress on the functioning of the adrenal
glaids (see Fig. 1). The adrenal glands, located just anterior to the kidcheys,
are important ini protecting the individual during stress, for it has been found
that without this gland the organism cannot withstand or make adjustment to

STaRESS3

BRAIN
Pituitary gland, stimulated 6y "- T

neural mechmnism, releases
ACTH to adrenal.

1- - '•:' :-a

Adrlnols " "

Adrencils secret,-
.- .hrmon..

-. Hormones alter the
rate of physiological

r processes

Fig. 1-Schematic Representation of Pituitary
Adrenal Function in Response to Stress

stress. The pituitary gland, which is stimulated by stress acting on the nervous
system, secretes adrenocorticotrophic hormones (ACTH), which in turn stim-
ulate the adrenal glands. When the adrenal glands are stimula t ed by ACTH
they secrete adrenal hormones or corticoids, the principal nnr being Compotnd
F. Although these hormones do not create any new functions for the body,
they do alter the rates of physiologicai processes important in the body's
reaction to stress.

QlRO-T--._90 9



The measurements of adrenal cortical function used in this study are of
two kinds.

(a) The amount of actual hormone secreted by the adrenal cortex (curt-
icoids) which appear unchanged in the urine and the metabolic end pruducts of
the adrenal hormones which also appear in the urine. Portions of the co. ticoids,
including Compound F, secreted by the adrenal cortex are excreted unchanged
in the urine. In addition some of the corticuids are changed as they go through
the body ard these metabolic end products of the corticoids are excreted in
the urine. One group of these corticoids and their end products were measured
by determining the Porter-Silber (P.S.) chromogens in the urine. A different
group of these corticoids and their end products were measuried by determina-
tion of 17 ketosteroids (KS)*. The presence or absence of the P.S. chromogens
and 17 KS in the urine have been related to adrenal function. The increase or
decrease in the function of the adrenal gland has been related to the quantity
of these compounds present in the urine. Typically the P.S. chrornogens and
17 KS excreted in the urine increase above normal levels following exposure
to stress. After 2 to 3 days of severe stress, such as surgery or fractures.

*The active adrenal cortical hormones are steroids of Pregnane series (Figs. a and b). The metabo-
lites of these hormones which appear in the urine may be classified into C 21 steroids, e.g., that shown
in Fig. c, and C 19 steroids, e.g., that shown in Fig. d.

C 21
I CH2OH

19 Ct 1
12 r C

31 .X I CK. .3 O
I 8C C CIt

--c" I. , " c9 - c isC2C 10C C C1 5H"
A1 A IB I 1

4 60

Fig. a; Schematic Diagram of a Typica! Fig. b; Compound F: a Pragnans Steroid
Pwagnan. Steroid

CH20H

L--- 0

HO C 3  - -H HO CM3

CH2 ; CH3

HO H HO H

Fig. c; C 21 Steroid: a Rsduced Form FIg. d; C 19 Storoid: anOxidizud Form
of Cem ound F of the Compound Shown In Fig. c

The C 21 steroids were estimated by the Portet-Silber reaction. This titer measures Compound F
and its rretabolitea where reduction has taken 1place -n Ring A. The reactive portion of the molecule
consists of the 17 hydroxy configuration in ad ition to the alpha ketol side chain (Fig. c).

The C 19 steroids estimated were 17 KS (Fig. d) with the Zimmerman reaction, which gives a titer
of a group of compounds which are in largeat portion end produtts of adrenal cortical hormone metaeolism.
The reactive portion of the inIrecule is the ketone on carbon 17. The alpha ketol side chain has been
oxidized to the 17 KS, or the 17 KS come directly from the adrenal gland.
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ill tL• uline to uormal or below normal levels.
(b) Inhe rcnnsurement of the effect of the adrenal cc-rtical hormones

(cosi iicujb) on budyfutiions. important to the boaty economy is the rate of
protein sretabolisxn (essential for growth, repair, and forniaLion of body cells
and as an ent'rgy source) and electrolyte metabolism (essential to the proper
functioning o, body cells through maintenance of electrical charges on cell

membranes). The adrenal hormones markedly affect these processes and alter
the ±ate at which they occur. With increased adrenal hnrmnnp .4Por~tion nnder

strens these processco, are changed, and the degree of this change cap be
recorded by measuring the by-producis of these processes appearing in the
blood and urine.

The by-product of protein metabolism Is essentially nitrogen, which appears
,a the blood and urine in several forms. The nitrogen measurements in this
ntudy were urine and blood urea, urine uric acid, and creatinine. With stress
these excretory products follow the same general pattern as P.S. chromogens
and 17 KS, i.e., initially there is an increase Indicating Increased protein
desvruction (protein catabolism) and with continued stress there is a decrease
to normal or below normal excretion.

The electrolyte balance which is largely dependent on concentratoa -1f
salts in bo- -ids is indicated by the amount of thed3 salts (sodium chloride,
potassium Je, and calcium chloride) in the blood and urine. In this study
the effect ot adrenal hormones on electrolytes was determined by measuring
the amounts of sodium, potassium, and total chloride in the blood and urine.
With stress, sodium and chloride are retained initially, i.e., excretion is de-
creased. With continuing stress, the excretion returns to normal or slightly
above normal. Potassium, on the other hand, shows the reverse pattern: an
initial increased excretion followed by vn excretion at normal or a little below
normal levels as stress continues. It is customary to express sodium and
potassium output as a ratio of one to the other.

Stress also affects the white blood cell count, and, although the adrenal
hormones probably play a part in this change, other factors are undoubtedly
active. The white blood cell determinations made in Korea include the total
white cell. count as well as counts of specific cells: lymphocytes and eosinophils.
The total white blood cell count usually increases with stress due to an increased
production of new white cells (immature polymorphonuclear leucocytes). This
increase in total cells is accompanied by a decrease in eosinophils and lym-
phocytes.*

A summary of the measures employed, their relation to adrenal function
and the typical pattern of change with stress is shown in Fig. 2.

* In all, 43 n!!aures were made on each of the groups and are reported i'e ORO-T-41(FEC). Sowne of
these proved to be ur_-eliable and otherýs though reliable showed no effect of combat stress.

12 ORO-T -295



PROCEDURE AND RESULTS

The psyrbological and physiological measures described were administered
to three groups oi infantrymen in Korea. Two of the groups were engaged in
active combat of varying intensity and length. The third group, which was not
committed to combat, served as a control group for purposes of comparihon.*
To aid the reader in identifying thc two group,. committel..d+.t- com-bat, th"y ....
identified by the type of action in which they were involved, i.e., Attacking
Company and Defending Company. iR is to be understood, however, that when
the terms "AttacKing Company," "Defending Company,' or "Control Group"
are used, they refei to the sample tested, not to the entire unit. In the follow-
ing sections the groups and their responses to the measures are described in a
general way. Detailed statistics and results of the anaiysis are presented in the
appendices.

Control Group

The Control Grout comprised 24 men selected at random from three rifle
companies of the 15th Infantry Regiment, 3d Division, which had been assigned
to a regimental blocking position immediately behind the MLR on the central
front in Korea. They had been in these positions for 1 week, having previously
been in corps reserve for 3 weeks. At the time of testing they were not engaged
in combat, but they were called on for patrols. Their position was not one of
complete safety, e.g., one subject was killed by a mine, and they were subjected
to occasional artillery fire. Measurement was made twice on this group, the
testing times (A and A') separated by 11 days as shown in Fig. 3.*

The physiological data of the Control Group compare very closely to that
in laboratory work on normal subjects in the United States. The similarity is
marked in spite of some expected differences in observations due to diet, time
of collection. anC general living conditions. It can therefore be concluded that
soldiers in blockingpositions some 200 yards behind the :.ILR, not in active
zombat, react normally on all the physiological measures used.

The psychologvicl data are not absolute in that no norms suitable for com-
parative purposes are available. Since the administration and conditions of test-
ing varied from established standards, the psyzhological data on this group serve
as a reference baseline for the stress groups. There was a decided trend toward
higher scores on the second administration of these tests (A'), undoubtedly due
to the effect of practice.

*The Control Group was designated as Groups V and VI in ORO-T-41(FEC).

ORO -T-&U, A.



JrIo I iv fr ont 1, tht i t C h 42 W1 IIi iu kio Lsect r, -Vl ii. 'Ith - !ti tp: ( 1 15. t. I 4I 11
ground in fronit of the UJS 7ith 1)iv~ision sector. kloth of the grouip., uised 1-y thu,
team to assess the effects of combat st-ress were involved i. this action.

Att•a !cng_ C-ompany

Able Company of the Inst nfantry Regivnent, 7th Division, was the lead
company in the initial attack on the Triangle Hill area north of Kumhwa. At
1700 13 October, Able Company was moved from the division reserve area
to pbUitiona Clut LU tu thU ±v&Ln. T1,ey 1bLed aLU4 hours, ihen moved out to the

ATTACKING CO

Bi C

• .j3 J DEFENDING CO

A

L CONTROL GROUP

I I I I I I I I I I I I I I I I I I I I I I I .

12 14 16 18 20 22 24 26 28 30 1 3 5 7

OCT NOV

lime In combat (Shading indicates intensity)

A ot A' Measuements taken prior to combat

B, C, or D lst, 2d end 3d measurements, respeciively,
taken following removal from combat

Fig. 3-Measurement Times of Groups Relative to Time in Combat
Period of testing: 13 Oct to 'Nov 52

MLR at 0430 on the 14th in preparation for the attack to begin at 0600. There
was some delay in clearing a mine field, and so the unit did not pass through
the MLR until 0615. Up until this faflt they had received no enemy fire. At
0730 they reached the base of the Triangle Hill Sniper Ridge complex where the
company was split (see Fig. 4), the 3d Platoon going to the left, up the ridge to
Sandy, and the 1st and 2d Platoons proceeding up the right ridge of Hill 400.

During this period they were subjected to artillery fire and suffered a
few casualties. The 3d Platoon proceeded to move up toward Sandy, took out
an enemy machine gun nest, and reached the peak. At this point they were hit
by heavy fire from Hills 400and 598. Most of the platoon withdrew from the
peak and stayed in these more protected positiois until portions of -. er
Company came up. They withdrew from Sandy at approximately 1 ,,r -id pro-
ceedad up Hill 400 to help in the attack on that heavily fortified poai

The I st and 2d Platoons advanced up the right ridge of Hill 400 under
heavy fire from the fortified point on the ridge, from the peak, and from 598.
At 0900 the 1st Platoon was within 35 yards of the enemy positions on top of
Hill 400. There they were met by numerous grenades. At 1000 the 2d Platoon

14 ORO-T-295
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joincd the 1st. They ren,amied dug in unit i.100 when ba,.ur Uunivpaiy 11ovedti
through them to take the hill. By 1400 they hiad taken both peaks of Hill 400.
At 1800 Able, baker, and Charlie Companies moved up from Hill 400 toward
598, under heavy mortar and machine-gun fire. By 2000, the mortar fire had
increased, and at this time tile Chinese Conumunist Forces (CCF) mounted a
counterattack. Under this pressure the companies were ordered to make a
slow withdrawal. Able Companywas backbehindthe MLRby 0200 on the 15th.
On their return they ate C rations and slept. At 0700 they went to a collecting
noi.VA where trucks took them to a blocking nositinn. At 1100 thov wprP rhturneri

by truck to the division reserve area, where at 1230 they were met by the
research team.

The company was withdrawn from the attack after approximately 16 hours
and was back at the MLR some 2 hours later, making a total of 18 hours of
combat. They hati been in severe rnnhnt facing% strong, w•,ei-prep".,a_ on?
supported enemy positions. They had suffered 01 percent casualties,* and, at
the time of testing following combat, the remaining 39 percent of the company
appeared to be a very tired group who had been through a severe physical and
emotional ordeal. Forty-eight hours after removal from combat they were
moved to positions along a quiet sector of the MLR. Measures taken on this
group include a precombat (A) sample on 24 individuals obtained some 2 hours
afteir the final briefing for the attack and 12 hours before leaving the Line of
Departure (LOD). The intention of this sample was to determine the condition
of the men prior to combat and would include any effects due to anticipation.

'Lime prohiuited o•,nng psychological ua'a ota nthe A sample. Some i2
hours after they were withdrawn from the fire fight, a B sample was obtained.
There were only 5 of the original A sample available for L-esting at B sen e
the remaining 19 had become casualties of one sort or another. Fifteen addi-
tional subjects were sampled from those returning in the company to increase
the sample size to 20 for the poststress measures. The B measure was
obtained as soon after combat as was possible in order that the effects of com-
bat could be determined. To obtabi data on the pattein of recovery, measures
were taken on the same subjects 5 days (C) and 22 days (D) after the principal
engagernent.t The timing of these four measurements is shown graphically in
Fig. 3.

The majority of the measures taken prior to combat (A) showed -ome effects
of stress due to anticipation and/or the activity involved in preparation for the
attack. However, the data are not markedly different from what is considered
normal.

'The following breakdown of the casualties suffered by Able Company in this 18-'uour action was
obtained from Morning Reports.

! No. present i Canualties
Gnoup ] for the -7

i1tijn jKIA MIA SWA LWA Toal %

Officers 5 - - 2 3 5 100
Enjisted Men 165 20 6 18 54 98 59

Total 170 20 6 20 57 103 60.6

tTbhe Attacking Company (Able) was designated Grouo IlI in ORO-T-4i (FEC).
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andother, ph s.iological fun1o01s 18were slgnhflcantlv altered as a result of 18
hours of intense combat. An increase in production of corticoids is evidenced
by the increased excretion of 1.7 KS and P.S. chromogens hi hie urine. An in-
crease in output of urea, uric acid, and creatinine reflects a high nitrogen ex-
cretion as a result of increased protein cat-abolismo Evlaence of a shift in the
electrolyte ba1ntce Is shown by a low sodium/potassium (Na/K) excretion ratio
(due to high sodium retention) and a low total chloride output.

The total whiLe bloud celi count was decreased at 1. Even though the ex-
pected increase in immature cells did occur, the total decrease is a result of
the almost comple-.e disappearance of mature cells. The eosinophils showed a
drop immediately following combat; the lymphocytes, although decreased after
combat, were not significantly lowered until 5 days following combat.

Five days after combat (C-) most of the above measures had returned
toward normal. Twenty-two days following combat (D) all the measures were
within the range of normal values.

The foregoing description has been based on average or mean values. It
should be pointed out, however, that in the Attacking Company there was a
significantly wider range of individual values postcombat (B) on a majority of
the measures when compared to the Control Group range. Even though there
was an average change in a particular direction, some individuals showed an
opposite or no change.

The psychological measures taken on te Attacking Company demonstrated
no change that could be attributed to the effects of combat stress. it should not
be concluded from this that there were no behavioral changes. The conclusion
to be drawn is thzt any behavioral changes that occurred as a result of combat
stress were not recorded by the measures used. The team felt there were def-
inite changes in the men's behavior as a result of being in combat, but that these
changes were not recorded because of one or more of the following factors: (a)
the tests were not sensitive to the stress; (b) the time lag between stress and
testing was too great, permitting recovery; (c) the subjects were motivated to
exert compensah ry effort at the time of testing; (d) the test conditions were
not adequately standardized; and/or (e) practice effect masked any real dete-
rioration of performance.

Defending Company

George Company of the 17th Infantry Regiment, 7th Division, occupied the
same general combat area that Able Comoanv had attacked. mrnuinsl into the
captured position 15 October, 1 1/2 days after the initial attack (see Fig. 4).
They held the combat position for 5 days before being relieved. During this
period the military situation was relatively stable although enemy artillery was
very active. The day prior to withdrawal they successfully repulsed a company-
size co-mterattack. In addition they had withstood two additional enemy counter-
attacks in one of which their positions were temporarily overrun. In general 1.he
combat stress experienced by the Defending Company was more prolonged but
less intense than that experienced by the Attacking Company. They suffered
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frnmn combat the:y were moved Into defensive positions hi ; relatively quiet s'etor
of the MLR. No precombat data (A) were obtained on this company. Postcombat
data were obtained on 13 men randomly . ....ri- d from one platoon. of th.e com-
pany Scmde 12 hours (B) and i daIys (C) after the company was withdrawn from
,ction.i These measurement times are shown in Fig. 3.

In contrast to the Attacking Company the data obtained on the Defending
Comrpany demonstrate conclusively that as a result of 5 days of less intense
combat adrenal resoonsivenPRs wa derrpesed.. , and in addition -e-ther of the
physiolqgical measures showed a different pattern el response from that of
the Attacking Company. The decreased excretion of 17 KS and P.S. chromo-
gens in the Defending Company following 5 days in combat (B) shows that Lhere
was a decreased production of hormones by the adrenal cortex. This decrease
in adrenal hormones was accompanied by normal protein metabolism and a
shift in electrolyte balance opposite to the shift in the Attacking Company,
i.e., the Defending Company showed a high potassium retention and approxi-
mately normal sodium excretion resulting in a high Na/K ratio. The total
chloride excretion was significantly lower than the Control Group.

TABLE I

SUMMARY OF POSrSTHESS (B) DATA,
ATTACKING AtO DEFENDING COMPANIES

Measure Attacking Co Defending Co

P.S. chromogens High Low
17 KS High Low
Urine urea High Normal
Urine uric acid High Normal
Urine creatiaine High Normal
Lymphocytes Normal Low
Urine sodium/potassium Low High
Total white count Low Normal
Eosinophila Low Normal
Urine total chloride Low -Low

The total white blood cell count in the Defending Company immediately
after combat (B) Is also different from that of the Attacking Company, in that
there was not as great a disappearance of mature cells, and the increased pro-
duction of immature cells compensated for this, resulting in the maintenance of

*Th- .Wig akdwof cacualtics suff-eeJ by GruorgC Company in the i-day defense was obtained
from Mcrning Reports.

No. present Casualties
Group for the

I action KI" IA'MA SWA LWA otl %

Officers 7 1 - - 1 2 29
Enlisted SMln 151 5 - 5 14 24 16

Total 15 6 - 5 15 26 16.5

"tThe Defending Company (George) was dcsignated a- Group IV in ORO-To41(FEC).
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range, and lymphocytes were significantly lowered.
The most notable changes in the blood count in the Defending Company

were recorded 11 days after leaving combat (C). At that time there was a sigrd-
ficant decrease in total white cells and cosinophils. Some of the other measures
had returned to normal levels. The remaining ones. although approaching normal.
had not yet reached normal levels.

Again in contrast to the Attacking Company the range of individual values
on the majority of measures was quite narrow, being the same or less than the
Control Group and significantly less than the Attacking Companiy. In other words
the response of individuals in the Defending Company was much more uniform
than in the Attacking Company.

The Defending Company showed no demonstrable changes on the psycholog-
ical measures which could be attributed to the effects of combat.

Table 1 presents a summary comparision of the poststress (B) response
of the Attacking and Defending Companies on the physiological measures and
emphasizes the markedly different response of the two groups on each of the
measures. With the exception of the P.S. chromogens (which were not tested
statistically) high or low indicates the direction of statistically significant
differences irom controls.
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INTERPRETATION

The basic data have shown that the average physiological response of
soldiers in an intense, short-term battle (Attacking Company) is different from
the resr-lnse of those in less intense combat for a longer period of time (Defend-
ing Company). Further there is evidence that the responses of individuals are
not uniform in the intense situation (Attacking Company), but are quite consistent
in longer, less intense combat (Defending Company). The data also show that
the length of time taken for the physiological processes to return to normal
differs for the two groups. Each of these problem areas-group differences,
individual differences, and recovery times --will be discussed in light of its rela-
tion to military effectiveness.

Group Differences

In the Attacking Company all th 2 physiological indices indicate that the
adrenal cortex was active; i.e., that it was being stimulated by the stress en-
countered in the short, intense battle and was secreting a larger than normal
amount of adrenal hormones. Accompanying this there wa protein catabolism
and a shift in the electrolyte balance.

In the Defending Company the converse is true. The measures indicate
that the adrenal was not responding to stress, chat it was secreting a lower than
normal amount of hormones, that there was no protein catabolism, and that there
was an opposite shift in the electrolyte balance. Thus there appears to be a
stimulation of adrenal cortical function in short-term, intense combat, and a
dulling or lack of stimulation of the adrenal cortical function in the long-term,
less intense stress situation.

ACTH from the pituitary gland stimulates the adrenal cortex to produce
hormones. The injection of ACTH likewise stimulates the adrenal gland, and
measurement of the resultant excretory by-products provides an indication of
Lhe !*ctivity ot the adrenal cortex. If the adrenal gland is hypoactive and there-
fore incapable of producing hormones, injection of ACTH would cause little or
no change in the by-products excreted. On the other hand, if the adrenal is nor-
rnal or hyperactive, ACTH will cause an increased secretion of hormones with
their concomitant effects. ACTH was injected in several subjects of each group,
following the completion of the other tests, to stimulate the adrenal gland to its
utmost capacity. The response was measured by determining the excretory by -
products (P.S. chromogens, 17 KS, Na/K ratio) in the urine collected over a
12-hour period.
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The ACTR data suplort the distinction between the two groaps, and establish
the fact that in the Attacking Company the adrenal was: still capablie of producing
increased amounts of corticoids, whereas in the Defending Company the adrenal
gland was incapable of producing stress -protective hormones.

Selye has, through a detailed analysis of streso literature, traced the course
of various physiological resnonseq during stres-.• Generalized curves for sever-
al of these physiological responses are shown in Fig. 5. These responses follow

Nonprotein
n itrogen
in blood
and urine

L

In blood
and wine

K in blood
and urine V--

Shock Counter-
shock

ALARM REACTION RESISTANCE EXHAUSTION

Fig. 5-Generalized Stress CurvesS(2? 0-ý 9 )

a rather characteristic pattern divided into alarm, resistance, and exhaustion
phases. In general, when nn orgfnigzm jR 5tr•n rd, theroe is an initalp r..,,l,, -f

marked deviation from normal called the "alarm reaction," followed by a period
when the organism has adapted or developead resistance, and finally, if the stress
is sufficiently prolonged, the state of exhaistion and eventual death Is reached.
The characteristic physiological manifestations of the alarm stage (protein cata-
bolism, increased 17 KS excretion, sodium cetention, potassium excretion) are
no longer evident or are actually reversed during the stage of resistance.

From the poststress data presented in this study, it is evident that, although
the responses ofi both groups can be considered normal stress responses, the
Attacking Company was in the initial or alarm phase of this stress reaction,
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secoiad or resiai•co phaje. The data on the Defending Company are unique,
since they ame the iicrtt record of humans reaching this resistance phase as a
result of emotional or physical stress not Involving traturina such as surgery or
fractures. From this it can be concluded that combat has marked physiological
effect s.

The apparent consequences with regard to capability for withstanding added
stress are different for the Attacking Company, which was in the alarm phase,
than for the Defending Company, which was in the resistance stage. Selye states
that dtiring the alarm phase the organism's resistance to the stress to which it is
being currently exposed is lowered at first and then begins to rise, so that when
the organism reaches the stage of resistance it is maximally adapted physiolog-
ically and is more resistant to the stress. However, he further proposes that
the organism's resistance to stresses other than the one to which it is currently
exposed is also lowered initially, rises later in the alarm phase to slightly above
normal, and then drops sharply to below normal on entering the resistance stage? (55)

Therefore the pattern of the Attacking Company is in favor of the individual,
especially with respect to the possibility of an added insult to the organism such
as ,ihysical wound since it is in the late stage of the alarm phase. In this group
the 'ubjects, for the most part, have quite responsive adrenals. The organism
is prepared to handle the result of physical wounds, buch as loss of blood and
the need to maintain electrolyte balance. However, they have not yet adapted to
the stress to which they are exposed (combat) and therefore are less resistant
to it. In the Defending Company the individual's general physiological condition
indicates that with an added stress, suc. -as a physical wournd, the adrenal may
be unable to accompiius, its role of protecting the organism. The adrenal seems
to be nonresponsive with regard to production of corticoids. However, following
Selye's hypothesis, the Defending Company has adapted maximally to the combat
stress Lo which they have been subjected and are therefore more resistant to it.

Individual Differences

The team agreed that all the individuals studied were subjected to severe
stress, and hence similar degrees of physiological change were expected. In the
Attacking Company every man was up against intense enemy fire, and all went
through a similar physical exertion. With 61 percent casualties it is certain
that each individual saw others severely wounded or killed and thought it likely
that he might also become a casualty. In spite of this similarity of experience,
an exceptionally wide range of physiological response was observed. Conversely
in the Defending Company there was a narrow range of physiological response.
Every member of the Defending Company was undoubtedly subjected to a similar
degree oi stresis cumparable to the siress encountered by tihe Attacxing Company
although it was more prolonged but less intense.

The observation of individual differences in respons& to stress is common,
and it has been the general practice to attrib'te these differences in response to a
difference in the meaning of the situation to the individual. If meaning were re-
sponsible for individual differences in this study, wide variation in response would
be observed in both the Attacking and Defending Companies. Since3 there was wide
variation in the Attacking Company and a very restricted range in the Defending
Company, differences in meaning cannot reconcile such an apparent dis':repancy.

22 ORO-T-295



This discrepancy can be accourted for, however, by applying a general
pattern of physi logical response to stress which is similar for each individual,
ard through which each induvidual proceeds at a different i-at. ouchL ,e0n1eLIzed
pattern has been recorded by various i,,vu:.igators and in general it follows
Selye's previously described triphasic curve. Similar response patterns, with
different rates for each individual, are graphically presented in Fig. 6. In this

" I- T
S1 BII
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z w

TIME ----

Fig. 6-Variation in Rate of Physiological Pattern Shown by Three Individuals,
A, B, and C, in Stress Patterns . and II

figure the response of a typical physiological measure to prolonged stress is
plotted against time. Assume that stress starts acting at time 0 and continues
for an indefinite period. The reactions of three hypothetical subjects A, B, and
C are shown by the three curves. Individual A, who normally has a high output,
may respond very rapidly at the onset of stress and prnceed through the pattern
much more rapidly than Individual C whose initial oatput is lower and whose rate
of change may be slower. It can be seen from this graph that if this response
were measured at Time I there would be a wide range in the values obtained at
that time; Individuial C is in the alarm stage and shows a high response; Individual
A has entered the resistance phase and his response is below normal, and Indi-
vidual B is more advanced in the pattern than A but has not reached the stage
that C is in. Values obtained at Time II would be very similar since all indi-
viduals would have passed into the second phase of the stress pattern.

Applying this reasoning to the physiological data obtained in Korea, the
apparent discrepancy in variability between the Attacking and Defending Com-
panies can be explained. The 17 KS data in the Attacking Company, for example,
shows a high mean poststress value, but the individual measurements range
from considerably below normal to 5 times above the normal value. The post-
stress measurement of the Attacking Company was taken close to Time I and
includes individuals in both the alarm and resistance phases. The 17 KS data
for the Defending Company have a below-normal mean and a restricted range,
with all individuals being at normal or below normal. The data indicate that the
Defending Company, after stress, was measured in the region of Time II and
that all individuals were near or in the resistance stage.

There Is further evidence to support this. If the assumption is correct
and those !ndividuals in the Attacking Company who were low postcombat 17
KS excreters have in fact entered the resistance phase, then the mean response
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fhe Defending Company since the Defending Company has been previously iden-
tified as being in the resistance phase.

Seven of the eight lowest 17 KS excreters at B in the Attacking Company
show an increased 17 KS excretion at C. A comparison of these eight lowest
excreters with the Defending Company shows marked agreement of other phy-
siological data,

In the section "Group Differences" it was pointed out that the Defending
Company was suffering from a depletion of certain stress-protective hormonesand tht th-is condition i, pavsiologically u-idebiable if the individuals are subjected
to other stresses. It is evident that after 18 hours of intense combat 44 percent
of the Attacking C__oompany had already reached this condition whereas the remain-
ing_56 percent had not yet reached the stage of resistance. Defending Company
data indicate that a much larger proportion were in the resistance phase.

Recovery Time

Important to the tactical employment of combat units is the knowlelge ofboth deterioration as combat continues and the time taken to recover sufficiently
for further combat. From the data obtained in Korea, conclusions have beer,
drawn regarding deterioration in combat. In addition these data permit con-
clusions to be drawn pertaining to thp approximate rates of recovery for the
Attacking and Defending Companies.

Referring again to Fig. 3, the Attacking Company was measured 3 times
following removal from combat: at 12 hours, 5 days, and 22 days; the Defending
Company was measured twice, at 12 hours and again 11 days after combat. in
the Attacking Company the electrolyte, nitrogen, and 17 IES measured had returned
to nearly normal levels when measured 5 days after combat. The blood counts
were approaching normal levels although they cannot be considered normal.
On the other hand the Defending Company after 11 days out of combat was still
low on 17 KS and blood counts had dropped even further. Electrolytes and nitro-
gen were In the normal range. it can be concluded from these observations that
exposure to even 18 hours of intense combat requires several days for physio-
logical recovery. Assuming a linear relation between time following combat and
increments of physiological change toward normal, approximate recovery times
can be stated for each of the groups studied. The Attacking Company recovered
in approximately 6 day§s, certainly not less than 4 and not more than 8 days. TheDefending Compny recovered in approximately 13 days, certainly not less than
10 or more than 16 days.

The Attacking Company spent 18 hours or 0.75 day in combat, the Defend-
ing Company 5 days in combat. Thus for each day snpnt in artive cmbt thc
Attacking Company required approximately 8 days (6 days divided by 0.75) to
recover. The Defending Company required approximately 2 to 3 days (IJ days
divided by 5 days) to recover for each day spent in combat. This may be inter-
preted to mean that the relative cost in recovery time was much greater for the
Attacking than for the Defending Company.

This ditference in the relative cost of combat, 8 days for the Attacking
Company and 2 to 3 days for the Defending Company, leads to the following
conclusion: the cost of combat stress in terms of physiological recovery time
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•_•b_%,-i •t rnaag jl luat stllages of adjustment and/ or increases with in-
crteasing intensity_.

It has been determined from the data that the Attacking Company, on the
averagre. was -still hI thi process of adiusting to the- stress. The Defending Com-

pany had reached the stage of resistance where adaptation to the stress to which
they were exposed was maximum. Since the time taken to recover per day in
combat was less for the Defending Company than for the Attacking Company, it
is logical to conclude thae the cost of adapting in terms of recovery time is
higher than the cost of maintaining maximal ndtpntation.

The Attacking Company, however, was exposed to intense combat, the
Defending Company to combat of less intensity. This difference of relative cost
for the two groups may demonstrate a marked effect of increasing intensity. It
is commonly thought that one of the primary effects of increased intensity of
stress is to increase the rate of physiological change. Thus with an increase in
the intensity of combat a given physiological state (a state requiring a given
recovery time) would be reached after a shorter time in combat. Therefore
time taken to .'ecover per day in combat would be greater.

The observations in this study and the experimentation of others indicate
that both intensity and the stage of adaptation are operative.
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IMPLICATIONS

Every military unit performs combat missions at a cost. The sum of the
tactical activities directed toward accomplishment of the tactical mission is the
useful output of the unit. The immediate specific output of a small combat unit
is typically fire and movement. This output may be measured in such terms as
rate and duration of fire and rate and range of maneuver. The sum of the expend-
itures required for accomplisnment of a tactical mission is the cost of the opera-
tion. The specific costs are typically cost of ammunition and supplies expended,
equipment damaged, and the casualties sustained, which may be measured by
casualty replacement effort and dollar cost of weapons and ammunition replace-
ment. The casualty replaccirrenr effort includes the men used for replacement
as well as all the money, time, and facilities required to rectify functional
deterioration incurred in combat. Such functional deterioration, as used in this
report, includes the tempurary functional impairment induced by combat, as
well as militarily recognized physical casualties.

Efficiency of a Unit

The efficiency of a military unit in the performance of a tactical missicn
can be defined as useful output divided by cost. Some of the factors which com-
prise output and cost are directly affected by stress of combat. Although the
effect of -tress on troops is primarily in the category of a temporary functional
impairment nvt recognized as a casualty, it also immediately alters the combat
output (fire and movement).

The efficiency defined above as useful output divided by cost demonstrates
a means which assists in determining the best use of units in combat. It is not
yet clear how, even for a small tactical mission, the total useful output and total
cost may be computed to yiald the efficiency for the operation. i may be possible,
however, to compare nartial efficiencies for similar operations. By partial
efficiency of an operation is meant the ratio of portions of the useful output to
corresponding portions ot the cost. Such partial efficiencies will be significant
only insofar as the effect of the remaining efficiencies Is fixed or known.

Relation of Efficiency to Combat Stress

The conclusions stated previously that relative cnst in terms of recovery
is a function of intensity and/or stage of adjustment to combat stress suggest
the following hypothesis relative Lu efficiency and stress: the partial efficiency
which is a function of stress decreases as intensity, increases; and at any given
intensity, efficiency is least while the unit is adapting to combat stress. This
hypothesized relation is represented by the efficiency curve (solid line) shown
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in Fig. 7a. The curve represents the relation of time in active combat to phy-

siological recovery time for a unit engaged in combat of relatively low intensity.

For any given intensity the first part of the curve (along the vcrtical axis to

line A) represents the initial or alarm phase of the stress reaction, which is

the least efficient or the most costly in terms of number of days taken to recover
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Fig. 7a-Recovery Time vs Time in Combat (Hypothetical)
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Fig. lb-Cumulative Efficiency Curves for High- anti Low-intensity Combat

per day in combat. The period of resistance follows (area between line A and
line B). During this period adaptation is maximum and efficiency increases to

maximum at Point C, after which a gradual fall-off in efficiency occurs as the
stage of exhaustion is approached. To exhibit the variation of this efficiency

with combat time, Fig. 7b shows the cumulative efficiency itself: T 1/ T 2 plotted
against combat time T1. The effect of high intensity on efficiency can be seen
from the lower curve of Fig. 7b. With high intensity exhaustion is reached sooner
and the efficiency is much lower.

The curves in Figs. 7a and 7b represent only one output and one cost. The

complete relation of stress to efficiency must consider other outputs and costs.
For instance, the solid curve in Fig. 7a does not take into consideration changes
in performance with combat, which is obviously a prime consideration. From
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in improvement of performance during the early stages. This overcompensation
gradually disappears as adaptation becomes complete. Ultimately performance
decreases with the conxnuation of stress for long periods. Fnr low-Intensity
combat this might result in the curve shown in dotted lines in Fig. 7a, where the
output now includes the effect of performance changes incurred by stress. This
increas-en -ff"icancy D the early stages and decreases it in the later stages. The
behavior patterns that have been observed under extreme stress are variable,
ranging from completely ineffective behavior, such as Immobility, to highly
eltective behavior such as feats of strength which could not be repeated under
normal conditions. This apparently Is an individual phenomenon, and it is dif-
ficult to hypothesize a curve for average behavior.

The cumulative efficeiency of a combat unit is highest for an action which
ceases at the time indicated by the maximum value of T1 /T 2 . This point (C) is
shown graphically in Fig. 7a by the steepest straight line (line OC) .ha•t car. be
drawn from the origin tangent to the curve. The point of highest instantaneous
efficiency (D) occurs where the slope of the curve is steepest and as such is
lower on the curve than the point of highest cumulative efficiency. The point of
maximum cumulative efficiency (C) is the time to withdraw units from combat.
Further engagement oi that unit proceeds at higher cost in recovery time .r

combat time.
These curves are hypothetical; the general trends are based'on data, but the

absolute values are unknown. With sufficient data to construct actual curves, their
application to a combat situation is apparent. If the commander anticipates an
engagement of the duration of approximately twice the optimum combat time for
maximum efficiency (2X) and f he ha-s available several combat units and no other
impending missions, then it is clear that his task can be most efficiently accom-
plished by successively committing two units, each for a period of T, =X. If, in-
steed, the commander choses to commit only one unit '-r the entire duration,
this unit will be operating at reduced efficiency approaching exhaustion during
the later half of the engagement. On the other hand, should the commander elect
to commit successively three or more units for periods of time TI less than X,
these units will be operating largely during their period of adaptation at low
efficiency.

With the information provided by actual curves, such as those which have
been hypothesized but which are based on complete output and cost data, the re-
lative efficiencies of units as a function of stress coula be determined. To pro-
vide such curves, the course of performance changes with stress must be deter-
mined since the ultimata solution of the military problem defined here depends
on knowledge of the decrement in performance of such tasks as delivering effec-
tive fire, speed of m.over-eiit, aund appropriate response to commands. Future
work on the problem 'f stress effects of combat will be primarily directed to-
ward determining effects on performance.

The data provided in this study plus data which will be obtained on perfor-
mance, casualty rates, and physiological condition as a function of length of coin-
bat must all be integrated in order to compute the relative efficiencies of units.
This information will be of considerable assistance co a commander in making
such decisions as how long a company should remain in combat, which of several
units is in best condition to perform in further combat, or when a unit can be
used again.
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INTRODUCTION

When the body is subjected to stress there is an attempt to maintain equi-
librium or homeostasis. Cannon explored the maintenance of homeostasis in the
face of stress and directed attention to the role of adrenalin ad the autonomic
nervous system in bringing about the adjustments on which homeostasis depends.6

His emphasis was mainly on respiration, the circulatory and gastrointestinal
systems, and.body temperature.

Recently W.e emphasis has been on the role oi the adrenal-pituitary system
in stress. fl• i the work has been directed toward biochemical measurements
related to adrel , cortical function. When the organism Is exposed to a variety
of nonspecific stresser agents there is not only a discharge of adrenalin, but
also excretion of adrenal cortical hormones. The response is apparently non-
specific, i.e., any stress seems to be met by an increased discharge of adrenal
cortical hormones.

It is quite certain that the stress condition causes the pituitary gland to
secrete adrenocorticotrophic hormone (ACTH). This in turn activates the
adrenal cortex, which releases principally corticosterone (Compound B) and
17 h-, droxycorticosterune (Compound F) which have far-reaching metabolic
repercussions in the body. There is normally a 2 to 1 ratio of F to B in the
human peripheral blood?

There are considerable experimental and clinical data indicating the in-
volvement of the adrenal cortex in a wide variety of stress situations., Stresses
such as cold, fatigue, infections, burns, etc., affect large portions of the body and
have a description and response specific for the stressing agent, and in addition
there is a nonspecific response which involves the function of the adrenal cortex.
The organism cannot withstand or make adjustments to stress without the proper
functioning of this gland.Ull •

The measurements of the adrenal cortical function are in general of two
kinds: (a) the amount of actual hormones secreted or the metabolic end products
of the hormones excreiwd in the urine [I.g., Porter-Si-ber (P.S.) chromogens
and 17 ketosteroids (KS)], and (b) the measurement of the effect of the hormones
on tissues and organs (e.g., white bloods cells, cholesterol, protein metabolism,
and electrolyte balsnce).

Another way of looking at the pituitary-adrenal function under stress is to
study the basic physiological processes affected by adrenal hormones.7 It appears
that the adrenozortical hormones

... support the capacity of the tissues to attain peak rates of metabolic processes
when such are required to sustain homeostasis. Thus the adrenocortical hormones sup-
port the capacity of the kidney either to retain sodium and water when retention is needed,
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or to excrete an excess. These hormones support the conservation of carbohydrate dur-
ing resting as well as support its peak utilization for work when high energy output is
required. The same hormones will support either growth or the rapid mobilization of
tissues when such is needed dufrng •-•p 34)

No metabolic process is known to be abolished by adrenocortical insufficiency, and
no new process is known to be created when these hormones are administered in excess.
It is supposed that these andother hormones enter into body economy by affecting the rates
of metabolic processes8(•9 3)

It is established that the secretory activity of the adrenal cortex is greatly
increased during stress although the amounts of adrenocortical hormones secreted
are still undetermined. It is known through animal experiments that the adrenal
cortex can secrete sufficient hormones to cause metabolic upsets, tissue patho-
logy, and death.8s(99

in brief and in the final analysis it is the function of the pituitary -adreno-
cortical axis to secrete hormones during stress. These hormones permit the
organism to resist, adapt, survive, and return to a normal state following a
stress situation.'137'

Pituitary-adrenal function was therefore the major target of the measure-
ments selected fur study. The description of the individual measures, their
administration, and results are given in ORO-T-41 (FEC).2

By the nature of this project there were many uncontrollable and unavoid-
able variables. It is a wtll-known fact that many of the physiological processes
vary from time to tirme during the day (diurnal rhythm) and are affected by diet
and water intake. A concerted effort was made to obtain successive samples
at roughly the same times and to become acquainted with the food and water
intake of the subjects. These have been studied with the result that it is felt
that none of the striking; results could be cdue to Luet or any of the other uncon-
trolled factors.

MEASUREMENT RESULTS

Eosinophils

Eosinophils compose approximately 3 percent of the white blood cells.
They are subject to a diurnal variation and a wide normal range, approximately
75 to 350 cells per cubic millimeter (cu mm). A decrease in the level of cir-
culating eosinophils in the blood is an index of stress although falls as large as
40 percent have been observed without apparent cause.9 It seems evident that
a reduction in the level of circulating Pnnlnopbhtl (eosinorenia) following stress

may be a result of mechanisms other than an increased adrenal corticosteroid
secretion since eosinopenia has been observed in the absence of the adrenals.'0

However, eosinopenia is accepted as a clear indication of stress whether mediated
through the adrenal cortex or the autonomic system. The level of circulating
eosinophils changes quickly, dropping soon after stress begins but returning
to normal within a short time. It is postulated that such a phenoraernon occurs
because of the larg-e involvement of the autonomic nervous system. In addition,
although there is a drop in the level of eo3inophils following injection of ACTH,
it is a slow response.
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Eosinopenia has been observed following operations, 5
(
40 6

) upon exposure to
cold,51740 8 in medical students just prior to examination when emotional tension
is high,"1 and in subjects following 2 hours oi working muitiplication problems.' 2

It would appear that emotional stress is stronger than physical stress as an
activator of eosinopenia., for little or no decrease in eosinophil level was observed
where subjects were worked to exhaustion on a treadmill.'3

The count of eosinophils in blood samples withdrawn 1 hour after comple-
tion of the 500-mile Indianapolis Speedway Race (1950), or withdrawal of the
driver from the contest, showed better than 60 percent decrease in all subjects
when compared to the cosinophil ccunts taken a week prior to the race.' 4

TABLE Al

EOSINOPHIL COUNT, CONTROL GROUP 8

(per cu mram)

Mean A measurn Mean A' measure Mean diff. t df. P

207.6 197.9 9.7b 0.57 16 NS

aThe measurements A and N on the Control Group were separated by 11
days. The Group is described in the section 'Procedure and Results" in the
main text,

b Means are based on individuals (N = 18) on whom both A and A' are avail-
able. One individual was eliminated (leaving N=17) for having an eosinophil
count of over 600 per cu nun. (890 on A and 475 on A'.) This is an arbitrary
cutoff point. Eosinophil counts are commonly used as an index of certain in-
fections. Lhcrefore any value above 600 is assumed i indicate a pathologi-
cal condition of the subject and was not included with the data. This proce-
dure was followed in all the groups, with an indication in the footnotes as to
the ones dropped. In all instances where the measure was over 600 cu mm
the individual's data were drcpped completely. A count of 700 eosinophils
per cu mm was considered gross ensinophilia by the British in a study on
Commonwealth soldiers in Korea and the values were dropped from the data. 15

A study of the Harvard varsity and combination crews prior to and after
the Harvard-Yale 4-mile boat race showed that, in general, the eosinophil level
of the varsity crew after a "spectacular and frightening finish' had dropped 90
percent below prerace level. The same situation did not hold for the combina-
tion crew, which easily won its race; there was no eosinophil drop but instead
a slight mean increase over prerace values. "Emotional stress, either in it-
self.. .or in combination with muscular activity.. .represents a maximal stim-
ulus for the stress mechanism studied, whereas this does not seem true of
muscular activity aion-l.S

As shown in Table Al, the mean eosinophii counts of the Control Group
were not significantly different from A to A'. There was a correlat! nn of r = .84
(significant at the 1 percent level) from A and A'. This indicates that the Con-
trol Group, even though living on the N'LR, was not subjected to conditions which
resulted in a systematic variation in eosinophils, and that eosinophils are a
reliable measure.

As shown in Table A2, the Attacking Company showed an eosinopenia after
16 hours of active combat. The mean at B is significantly lower than the Control
Group mean and lower than the Attacking Company mean at D. The means show
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.... ,, tY o4AtiLe. ieavmg we assault area (C) the group eosinophii counts had
increased, but not significantly, and showed a significant increase when mea-
sured 22 days (D) after leaving the assault area. The recovery from combat
as measured by the level of circulating eosinophils was therefore in terms of
days, in this case a week, rather than hours.

The precombat data (A) were taken on 24 subjects some 2 hours aftPr
the final briefing ior the attack and 12 hours before leaving the Line of Depar-
ture (LOD). The intention of this sample was to determine the condition of the
men prior to combat and would include any Pftuic-t due to antlclpatlcn. Fropa
Table A2 it is evident that the eosinophil count prior to combat was normal

TABLE A 2

EOSINOPHIL COUNT, ATTACKING COMPANYa

(per cu mm)

Means comparedh Mean diff. t dl. P

Attacking Co A (215) vs Control Grp A (235) 20 0.48 40 NS
Attacking Co [B (149) vs Attacking Co C (176) 27c 1.96 17 .10> .05
Attacking Co B (148) vs Attacking Co D (227) 79c 3.54 14 <.01
Attacking Co C (165) vs Attacking Co D (2263 61c 3.50 15 < .01
Attacking Co B (149) vs Control Grp A (235) 86 2.30 39 < .05

'Measurements were taken on the Attacking Co before combat (A), and 14 hours (B), 5
days (C), and 22 days (D) following combat. The Attacking Co is described in the section"rnocedure and Results' in the main text.

bNumbers in parentheses in all tables refer to means compared.
eMeans are based on individuals on whom paired data were obtained. This does not ap-

ply where different groups are compared. On the basis of 600 eosinophils per cu mm cutoff
point, one individual wast eliminated (685 on B, 810 on C, 770 on D).

dOn the basis of 600 eosinophils per cu mm cutoff point, one individual was eliminated
(ag0).

since it did not differ significantly from the mean of the Control Group. (An
analysis of the lymphocytes and total white blood cell count shows that they did
not differ from normal precombat data either.)

Only 5 of the 24 men sampled at A were available for further testing fol-
lowing combat, and although the mean was not significantly different from the
Control Group there are some indications that the data were modified somewhat
by anticipation of combat. This is confirmed by lymphocytes and white blood
cells (see following sections). It was for these reasons that the data are com-
pared to the Control Group and not to other measures taken on the Attacking
Company.

The eosinophil count in the Defending Company (Table A3) shows a different
response from that of the Attacking Company. There was no eosinopenia in this
group when measured 12 hours following combat. However, 11 days after leav-
ing the assault area the mean was significantly lower than the Control Group
mean.

Taken as a group there was an eosinopenia in the Attacking Company;
however, it is interesting to look at the response of the irdividuals. Here was
a situation where the stress was severe and in which the meaning might appear
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to have been uniform since there was a universal danger. IEven so, there were
three individuals who showed a higher eosinophil count on the stress (B) than on
the recovery (D) measure and a fourth whose recovery count was less than 1
standard deviation increase over the stress measure. The fact that these four
individuals deviated from the general stress pattern may result from measure-
ment errors, variations in diet, and level of activity, or they may reflect a true,
physiologically different response (rate or time of response) to the stress, there-
by resembling the response of the Defending Company.

TABLE A 3

EOSINOPtIL COUNT, DEFENDING COMPANYa

(per cu mm)

Means compared Mean diff. t df. P

Defending Co B (177) vs Defending Co C (138) 39 b 1.77 9 NS
Defending Co B (177) vs Attacking Co B (149) 28 0.88 26 NS
Defending Co 11 (177) vs Control Grp A (235)c 58 1.25 31 NS
Defending Co C (138) vs Control Grp A (235)c 97 2.15 31 < .05

akleaaurementa were taken on the Defending Co 12 hours (B) and 10 days (C) after
removal from combat. TP 'ip is described in the section 'Procedures and Results"
in the main text.

b Mleans are based o.. ,dividuals on whom paired data were obtained, This does not
apply where different groupu are compared. On the basis of 600 eosinophils per cu mm
cutoff paint, two individuala were eliminated (650 and 1250 on B: 306 and 900 on C).

c On the basis of 600 eoeinophils per cu mm cutoff point, one individual was elimi-
nated (890).

The British in 1952 took eosinophil counts on nine men in the British Com-
monwealth Division in Korea before and after going on a patrol. They observed
a wide range in values (69 to 978 per cu mm before patrol) with a mean of 375 per
cu mm before patrol and 310 per cu mm on return. They observed a great deal
of emotional tension prior to the patrol and estimated that the patrol was not
very stressful. The counts of three individuals had risen (4, 155, and 10 percent)
and 6 had fallen by an average of 44 percent (13 to 73 percent) when postpatrol
values were compared to prepatrol values.1 6 The mean values that the British
observed were higher (300+) as compared to the mean observed in this study
on the Control Group (200+). In general, the results were similar showing
mean poststress decreases and large individual variation.

Lymphocytes

The lymphocytes- constitute about 22 percent of all white cells. They show
diurnal variations with the normal range between 2000 and 3000 cells per cu mam.
The level of circulating lymphocytes has been observed to decrease (lymphopenia)
with stress.

Lymphopenia and eosinopenia have been observed in many of the same stressA.J .. . "tJ (408; 4l~ 161__ 5 d-•-

situations--exposure to cold, after adrenalrin 10.4.. or ACTH injectlon. 51
(
8

c'
1J,.

There is a significant decline in blood lymphocytes following the glucose
tolerance test. Following stressful psychomotor performance1 8 (as well as after
immersion for 8 minutes in 9.5° C water' 9 ) a fall in lymphocytes has been observed.
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bimniariy, upon exposure to heat and high humidity, normna per sons show a drop in
lyznphocytes.5 (411 ) Lymphopenia also appears during a stress interview, with
intense muscular exercise, and with acute infections u411 1 4 1 2; 41 4'

The Control Group (Table A4) showed no sgnifficant difference between the
mnans of lymphocyte measures taken 11 days apart, and the two measures (A and
A') are significantly correlated (r= .57, significant at 1 percent level).

TABLE A4

LYMPHOCYTE COUNT, CONTROL GROUP
(per cu mm)

Mean A measure Mean A' measure Mean diff. t di. P

2-40 2849 91a 0.56 17 NS

a Means are based on 18 individuals on whom both A and A' data were

available.

TABLE A5

LYMPHOCYTE COUNT, ATTACKING COMPANY

(per cu mm)

Means compared Mean diff. t dl. P

Attacking Co A (3314) vs Control Grp A (2904) 410 1.70 42 .10 > .05
Attacking Co n3 (2539) vs Control Grp A (2904) 365 1.48 41 NS
Attacking Co C (2198) vs Control Grp A (2904) 706 3.35 42 <.01
Attacking Co 1) (2561) vs Control Grp A (2904) 343 1.64 39 NS
Attacking Co B (2403) vs Attacking Co D (2596) 193' 0.86 15 NS
Attacking Co C (2358) va Attacking Co D (2596) 238a 1.19 15 NS

a Means are based on individuals on whom paired data were available.

TABLE A6

LYMPHOCYTE COUNT, DEFENDING COMPANY
(per cu mm)

Means compared Mean diff. t df. P

Defending Co B (2096) vs Control Grp A (2904) 808 3.39 34 < .01
Defending Co B (2096) va Defending Co C (2485) 389a 1.96 11 .10'"> .05
Defending Co C (2485) vs Control Grp A (2904) 419 1.77 34 .13 > .05

"aMeans are based on individuals on whom paired data were available.

Table A5 shows that the lymphocyte count in the Attacking Company, when
compared to the Control Group, was not significantly lowered following stress
(B measure) but did show a significant drop 5 days following combat (C). Three
weeks (D) after removal from combat the lymphocyte count had increased but
was not yet as high as the Control Group mean. The lymphocytes appeared to
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be slower in reacting to stress than the eosiriophils, and although the lympho-.
cytes show signs of a return toward normal levels, this seemed to be quite
delayed.

In the Defending Company (Table A6) the lymphocytes were clearly depres-
sed after 5 days in combat and had returned toward normal 11 days later.

It is evident that there was a greater poststress (B) spread than on recovery.
Four of the sixteen individuals in the Attacking Company showed a higher lym-
phocyte count following stress (B) than on r-cuvevy (DY During the same pcriod,
four others showed less than 1 standard deviation increase at recovery (D) com-
pared to stress values (B).

Similarly, 11 the Defending Company, 5 of the 12 individuals showed higher
stress levels (B) than recovery (C), and there was 1 whose recovery level was
less than 1 standard deviation over the stress value.

Total White Count

The total white cell count shows diurnal variations, and many types of
dietary deficiencies exert a pronounced effect on the white blood count. An in-
crease in the total white cell count (leucocytosis) has been observed during

TABLE A 7

TOTAL WHITE BLOOD CELL COUNT, CONTROL GROUP

(per cu mm)

Mean A measure Mean A' measure Mean diff. t df. P

8886 9860 974a 1.56 17 NS

aMeans are based on individuals on whom paired data were a' ailable.

infections and following an acute hemorrhage.S404;0 40 6) With severe stress a
period of leucopenia (decrease in number) has been observed to precede the
characteristic leucocytosis.5 (40 4-) (Following severe burns, leucopenia is pres-
ent.)""4 '7 ) When white cells are markedly reduced in numbers the individual be-
comes quite susceptible to mouth and throat infections.

It has been known for some time that in severe stress situations there is
a leucocytosis and a "shift to the left" (increase in immature neutrophils).
This shift to the left has been observed when neutrophilia results from ACTH
injection.E1

4211

Table A7 shows the mean white blood cell counts for measures taken 11
days apart on the Control Groups. The means are not significantly different
from each other. Therefore it is concluded that when the white cell counts of
combat soldiers in a reserve area are measured at approximately the same time
of day, the counts are not subject to systematic variation; however, a correla-
tion of .22 indicates that the white blood cells as measured in a field situation
are highly variable and not reliable.

The differential neutrophil count is not available on the Control Group.
Instead the counts are shown (Table A8) for a group of men from an armored
company at Ft Knox (March 1953) prior to going on maneuvers. This group
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showed a normal Schilling Index of approximately one immature cell to five
mature cells. (The Schilling Index is a ratio of immature cells-band, juvenile,
and myelocyte-to mature cells, i.e., segmented.)

TAIB.E A8

NEUTIIOPIII. lIiFFEIIENTIAL COUNT,
I.T K•NoX

\lean, % of total

'ABC: count,
White blood cells N = i8

Segmented celia 45.1
Band cells 9.2
Juvenile cells
Myelocyte cells

Mean Schilling Inldex 1/4,9

TABLE 49

TOTAL WHIITE BLOOD CELL COUNT, ATTACKING COMPANY
(per cu mm)

Means compared %lean diff. t df. P

Attacking Co A (9650) vs Control Grp A (8825) 825 1.16 42 NS
Attacking Co I1 (6117) vs Control Grp A (8825) 2708 3.98 41 < .001
Attacking C:o C (6282) vs Control Grp A (8825) 2543 4.22 42 < .001
Attacking Co I1 (9876) vs Control Grp A (8825) 1051 i.29 39 NS
Attacking Co 13 (6117) vs Attacking Co C (6277) 16 0a 0.29 18 NS
Attacking Co 1n (5R94) vs Attacking Co 1) (9998) 4104a 6.t7 Is < .001

" Nicuna are based on individuals on whom paired data were available.

Contrary to expectations a leucopenia was observed in the Attacking Com-
pany (Table A9). This was due mainly to the decrease in neutrophils. Further-
more In the neutrophils there was a marked shift to the left (Table A 10). This
was not unexpected, but the degree of the shift, accompanied by the leucopenia
is quite unusual. This type of reaction has been previously noted in terminal
stages of infectious disease and in acute and severe burns?( 404 7 ) Twenty-two
days after the battle (D measure) there was a reappearance of the more mature
cells (Schilling Index of 1/ 1.96), although the Schilling Index had not returned
to what is considered normal (see Table AB). However, the total white cell
count had returned to normal.

In the Defending Company, which was composed of men in a more prolonged
and sustained engagement, the same shift to the left was observed In the neutrophil
differential count (Table All), though not to the marked degree observed in the
Attacking Company. No control measure on the Defending Company for the
differential count was available; however, comparison can be made with the
Ft Knox controls (Table A8). This shift to the left was not accompanied by a
leucopenia (Table A12) at B, although there was a significant drop at C.
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TABLE A 10

NE IITIOPHIL DIFFERENTIAL° COUNT, ATTACKING COMPANY

B3 Xlean, % of 1, Metal, % of
total W1BC count, total WBC count,

White blood cells N = 19 N = 12

Segmented cells 13.4 39.8
Band cells 14.9 19.2
Juvenile cells 13.0 1.1
Xlyeiocyte cells 7.5 -

•lean Schilling Index 2.64/1 1/1.96

TABLE All

NE UTROPHIL DIFFERENTIAL COUNT,
DEFENDING COMPANY

B Mean, % of
totel WBC count,

White blood colls N = 13

Segmented cells 26..4
Band cells 22.4
Juvenile cells 7.5
Myelocyte cells 3.4

Mean Schilling Index 1.63/1

TABLE A12

TOTAL WHITE BLOOD CELL COUNT, DEFENDING COMPANY

(per cu mm)

Mieans compared Mean diff, t df. P

Defending Co B (8304) ve Defending Co C (6875) 1429" 3.86 11 < .01
Control Grp A (8825) vs Defending Co B (8415) 410 0.59 35 NS
Control Grp A (8825) vs Defending Co C (6875) 1950 2.61 34 <.02

"5 Means are based on individuals on whom paired data were available.
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The amount of cholesterol contained in the adrenal cortex has been shown
to drop markedly under various conditions of cortical activity. The adrenals
use cholesterol to manufacture hormones. "... blood constitutes an important
source of cholesterol to the adrenal cortex when the gland is forced to produce
large amounts of steroidal hormones for long periods of time." 20 It has been
demonstrated that the cholesterol level of the blood plasma falls if the period

:\:fl.p \ fl

PLASMA TOTAL CltOLESTEHOL., CONTROL. GROUP
(mg/100 cc)

\leun A measure Mlcnn V measure \lean diff. t df. )

193.6 200 6.4u 1.17 17 NS

"aMeans are based on individuals on whon, paired dati were available.

TABLE A 14

PLASMA TOTAl. CIOLF-TEROL, ATTACKING COM1PANY

(mg/100 cc)

\leans compared Mean diff. t df. P

Attacking Co A (208.9) vs Control GCp A (194) 14.9 1.48 43 NS
Attacking Co B (192.6) vs Contiol Grp A (194) 1.1 0.12 42 NS
Attacking Co C (193) vs Control Crp A (194) 1.0 0.09 42 NS
Attacking Co D (199.8) vs Control Grp A (194) 5.8 0.53 39 NS
Attacking Co B (192.6) vs Attacking Co C (193) 0.4a - 19 NS
Attackingr Co II (1Rc7) vs Attacking Co D (199.8) 10.ia 1.78 16 .10 > .05

"aleans are baseJ on individuals on whom paired data were available.

of cortical activity is prolonged; thus it is believed that the plasma total cho-
lesterol levels will give an index of the magnitude of the adrenal cortical activity
in stress.'9 ' 2 ' Consequently a drop in cholesterol is accompanied by an in-
crease in 17 KS excretion. 20

Measures of plasma total cholesterol 11 days apart on soldiers in regi-
iitwval reserve (Table A12) are not significantly differ.nt and the measure is
highly reliable (rA4 A, = .91 significant at the .01 level). Therefore the normal
plasma cholesterol level of the combat soldier appears to be fairly stable for
field studies.

The plasma total cholesterol following combat (B) in the Attacking Com-
pany (Table A14), although lower than the level 22 days later (D), was not
significantly different. The mean values for plasma total cholesterol at the
four measuring times, A, B, C, and D were not significantly different from the
mean of the Control Group.
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The values for the Defending Company in Table A 15 show that following
combat (B) there was a significant drop in plasma total cholesterol when com-
pared to the Control Group or to the level 11 days later (C) in the Defending
Company.

Cn et... aL hae .. demonstAErated that the plasma total cholesterol ',C• d•e-
creases with increased adrenal activity as shown by an increased 17 KS excre-
tion. The 17 KS analysis of the Korean data has been completed since the pr2-
liminary report., With this additionai informaTion it is clear that although there

TABLE A15

PLASMA TOTAL CHOLESTEROL, DEFENDJNG COMPANY

(mg/100 cc)

Means compared Mean diff. t df. P

Defending Co B (161.1) va Control Grp A (194) 32.9 2.74 35 < .01
Defending Co C (194.4) vs Control Grp A (194) 0.4 0.26 34 NS
Defending Co B (164.3) va Defending Co C (194.4) 30.1a 3.31 11 <.01

aMeuns are based on individuals on whom paired data were available.

was a significant decrease in pla sma cholesterol in the Defending Company fol -
lowing combat there was no significant Increase in 17 KS excretion. Thus the
cholesterol decreased without an apparent increase in adrenal activity, a finding
which differs from laboratory results.

Sodium Potassium Ratio

The urine sodium/potassium (Na/K) ratio is a means of studying the effect
of the adrenals on electrolyte metabolism. The expression of the sodium and
potassium values as ratios eliminates the necessity of taking the large varia-
tions in absolute levels into account. Following stress there is a sodium reten-
tion and increased potassium excretion in the urine which results in lower value
for the Na/K ratio.

Potassium and sodium excretion is affected by several adrenal steriods
which modify kidney thresholds and change tissue electrolyte balance2? Increased
potassium excretion is presumably occasioned by the liberation of much potas-
sium from disintegrating cell bo-die at the tlme of the catabolic impulac. Signi-
ficant increases of potassium excretion have been noted after an hour of opera-
tion of a pursuit meter following traumatic injuries and ACTH injectiuonY'19 6" 98)
In man, mild muscular exercise and ACTH injection cause sodium retentlon.5f" 83

Sometimes the sodium/potassium picture is complicated by the lack of control of
the intake of salt and water. This difficulty has been noted by Frost et alW 4 in study-
ing the contestants in the Indianapolis Speedway race, where analysis of the data
failed to show any definite pattern of response in sodium and potassium content
of the urine and serum. They conclude that this could have been due to the "loss
of electrolytes in the unkniown volume of sweat, coupled with the impossibility of
controlling the diet of the individual."
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The mean difference for the Control Group for the two testing periods
(Table A16) was only 0.06 and the A to A' measures were significantly correlated
(k I .44, significant at the 5 percent level).

The mean of the urine ratios for the Attacking Company (Table A17) was
significantly lower 12 hours after leaving the assault area than 5 or 22 days
after leaving the assault area and also lower than the mean for the Control

TABLE A16

URINE Na/K RATIOS, CONTROL GROUP

Mean A measure Mean A' measure Mean diff. t di. P

2.84 2.78 0.06a 0.30 17 NS

'Means are based on individuals on whom paired data were available.

TABLE A17

URINE Na/K RATIOS, ATTACKING COMPANY

Means compared Mean diff. t df. P

Attacking Co B (1.9) vs Attacking Co C (3.4) 1.50 2.97 16 <.01
Attacking Co B (1.9) vW Attacking Co D (3.7) 1.80 3.61 16 < .01
Attacking Co C (3.4) vs Attacking Co D (3.7) 0.30 0.80 16 NS
Control Grp A (3.07) vs Attacking Co B (2.01) 1.06 3.42 42 <.01
Control Grp A (3.07) vs Attacking Co C (3.51) 0.44 1.41 42 NS
Control Grp A (3.07) vs Attacking Co D (3.72) 0.65 1.71 39 .10 > .05
Control Grp A (3.07) vs Attacking Co A (2.04) 1.03 4.42 46 < .001

Group. Such findings indicate adrenal cortical activity with respect to electro-
lytes and are in accord with the present views of stress physiology. The Na/K
ratios had returned to normal some 5 days after leaving the assault area (C).

The Defending Company showed ai different reaction (Table A18). Follow-
Ing removal from combat this group had a high mean ratio indicating hypoadrenal
activity. This was not significantly higher than the mean ratio 11 days later but
was significantly higher than the Control Group mean. Also the mean ratio of
the Defending Company was significantly higher than that of the Attacking
Company.

The plasma Na/K ratios are not presented because a breakdown of the
blood cells which affected the potassium values was encountered in preserva-
tion of the samples. Saliva values were unusable because of the highly unreli-
able means of collecting saliva even in a controlled situation.

Urinary Chloride

Total chloride, like sodium and potassium is a constituent of the urine
which reflects the effect of the adrenal hormones on electrolyte metabolism.
Chloride excretion in the urine is a means of determining the degree to which
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salt-retaining steroids have been activated. A decrease in urinary elimination
has been observed with patients suffering from extensive burns and after ACTH
injection.'"" 1,1) Li auxeiutal the changes in chloride eCretio!1 follow th,1se
observed in sodium, i.e., are confirmatory to sodium and potassium. Hlowever,
when liquid intake is not controlled the Na/K ratio is a better measure of

TABLE A18

URINE Na/K RATIOS, DEFENDING COMPANY

Means compared Mean diff. t df. P

Defending Co R (4.9) vs Defending Co C (3.4) 1.50 1.72 11 NS
Control Grp A (3.07) vF Defcading Co B (5.15) 2.08 3.98 35 < .001
Control Grp A (3.07) vs Defending Co C (3.37) 0.30 0.71 34 NS
Defending Co B (5.15) vs Attacking Co B (2.01) 3.14 4.90 31 < .001

TABLE A19

URINARY CHLORIDE, CONTROL GROUP

(meq/hr)

Means compared Mean diff. t df. P

Control Grp A (13.6) vs Control Grp A' (10.7) 2.98 2.02 17 NS

a Means are based on individuals on whom paired data were available.

TABLE A20

URINARY CHLORIDE, ATTACKING COMPANY

(meq/hr)

Means compared Mean diff. t df. P

Attacking Co A (11.4) vs Control Grp A (13.5) 2.1 1.29 42 NS
Attacking Co B ( 5.6) vs Control Grp A (13.5) 7.9 5.61 42 <.001
Attacking Co C (10.9) vs Control Grp A (13.5) 2.6 1.46 42 NS
Attacking Co D (13.0) vs Control Grp A (13.5) .5 - 39 NS
Attacking Co B ( 5.6) vs Attacking Co C (10.9) 5.3a 2.68 19 < .02
Attacking Co B ( 5.8) vn Attacking Co 1) (13.0) 7.2a 3.43 16 < .01

"aMeans are based on individuals on whom paired data were available.

adrenal activity since chloride would increase with increased excretion but
sodium and potassium being expressed as a ratio would not be affected by
volume changes.

Table A19 shows that total chloride excretion indicated in measures taken
11 days apart on soldiers in the reserve area is not significantly different. The
A to A' measures are significantly correlated (r = .47, significant at the 5 per-
cent level). Therefore chloride excretion is a reliable measure and Is not
altered systematically in a control situation.
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From Tabte A20 it is clear that following stress (B) the Attacking Company
showed a significant reduction in chloride excretion when compared with the
mean 5 days (C) and 22 days (D) following combat, and with the Cfontrol flrotp.

As shown in Table A2 i the Defending Company shows a significantly low
mean value for chloride excretion following combat when compared with the
Control Group mean. The mean at B is not significantly lower than the mean
11 days following combat (C). The mean at C for both the Attacking and Defend-
ing Companies (11 meq/hr) Is lower than the Control Group and the Attacking
Company D measures (13 uienwhr) suggesting that chloride excretion had not
returned to normal.

In general the Na/K ratios are correlated with chloride excretion under
stress as shown in Table A22.

TA BLE A2]

URINARY CHLORIDE, DEFENDING COMPANY

(meq/hr)

Means compared Mean diff. t df. P

Defending Co B ( 8.0) vs Control Grp A (13.5) 5.5 2.89 .33 .01
Defending Co C (10.5) vs Control Grp A (13.5) 3.0 1.72 33 .10 > .05
Defending Co B ( 8.0) vs Defcnding Co C (10.5) 2.5a 0.98 10 NS

"NMeans are based on individuals on whom paired data were available.

TABLE A22

CORRELATION BETWEEN CHLORIDE
EXCRETION AND Na/K RATIOS

(meq/hr)

Comparison rho PE

Defendiag Co B .52 ± .149
Attacking Co C .49 ±.120
Control Grp A .20 + .087

Nitrogen

Blood urea, urinary urea, uric acid, and creatinine are nitrogenous end
products of protein m-etabolism in the body. Creatine is important in muscle
contraction and recovery of contractibility. It is eliminated in the urine as
creatinine. Normally the amount excreted is quite constant. Increases in
creatinine excretion have been observed during the early stages of stress. Such
stressers as electro-shock, burns, and fractures can cause marked creatinine
excretion, presumably as a resuit of sudden d-'issue catabolism. 5(177'
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Uric acid reflects the conversion of protein to sugar by action of the
steroids. It is suspected that the pronounced decomposition of lymphocytes
w1-ch oe-urs with stress represents an important source Of the 50" .....
uric acid. With injection of ACTH there is a sharp increase in urinary uric
acid5 818' 265,269) which may be explained by a combination of increased uric
acid production and lowered renal threshold.

A negative nitrogen balance (increased nitrogen excretion) follows trau-
matic injury, surgery,-p and ACTH administraLion; cold, naunuulari exaubuoni, -1 •

fractures, burns, and infections. Subjects performing on a pursuit meter have
shown significant increases in creatinine and urinary uric acid output. Similar
results have been recorded for a target-ball test.24

The mean vaiues in the Control Group (Table A23) showed a significant
drop on second testing in all nitrogen measures.* In spite of this the Con'rol
Group may still be used for comparison with the stress groups. Since with
stress there is an expected increased nitrogen excretion, the stress measures
were compared with the highest control value (A). On this baste any significant
increase with stress would be real and would not be a function of a depressed
mean control value.

The mean values for the three nitrogen products in the Attacking Company
(Table A23) following combat (B) were significantly higher than their own control
values (C) and the highest Control Group value (A). It should be pointed out that
in B of the Attacking Company the increased urea nitrogen excretion was reflected
in the blood with a very significantly high blood urea value; almost a 20-mg
percent urea nitrogen in the blood. Therefore it is evident that there was pro-
tein catabolism. The Defending Company, on the other hand, showed no shift
on s~ress data (B) from either their own control measure (C) or the Control
Group, with the exception of creatine. In the latter case there was a significant
mean increase in creatinine 11 days after leaving the assault area, although
this value (C) does not differ significantly from the Control Group mean.

It would take approximately 2 days without food to produce protein catab-
olism such a, that observed in the Attacking Company. These men were not
without food during their 18 hours in combat, and therefore diet did not account
fully for the nitrogen excretion observed. In addition, if the nitrogen excretion
were due to diet the 17 KS excretion would be one-third the value observed in the
Attacking Company. The Attacking Company therefore showed a significant
protein catabolism due to combat stress whereas the Defending Company had
normal protein metabolism.

A test of the hypothesis of homogeneity of variance was applied because it
appeared that the variance of the Attacking Company was much larger than either
the Defending Company or the Control Group. From Table A24 it is apparent
that the Attacking Company did have a significantly larger variance than either
of the other two groups on all three of the measures of nitrogen metabolism.
The effect of stress on the Attacking Company caused an increase in the vari-
ability of the group on the measures of nitrogen metabolism.

There was a consistent high correlation in the Attacking Company (B) on the
three measures of nitrogen metabolism (Table A25). Any one of the three would
be sufficient to indicate nitrogen catabolism. On the other hand, creatinine in

* Urea, uric acid, and creatinine are reliable measures. They were significantly correlated from A to
A' (urea .54; uric acid .41; creatinine .73; all significant at the 5 percent level).
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TABLE, A23

COMPARISON OF GROUP MEANS ON URINARY UREA, URIC ACID, AND CREATININE

(mg/hr)

MA-,,m-re Means compared Mean diff. t at. P

Control Grp A vs Control Grp Ala

Urea 498.2 420.0 78.2 2.37 17 < .05
Uric acid 38.2 27.6 10.6 5.31 17 < .001
Creatinine 77.8 66.6 11.2 3.64 17 < .01

Attacking Co B vs Attacking Co Ca

Urea 878.4 423.0 455.4 3.42 19 <.01
Uric acid 53.6 35.1 18.5 2.51 19 < .05
Creatinine 121.4 67.3 54.1 2.63 19 < .02

Attacking Co B vs Attacking Co DO

Urea 884.1 552.8 331.3 2.15 16 .05
Uric acid 56.4 36.9 19.5 2.05 16 .10 > .05
Creatinihe 124.6 77.4 47.2 1.98 16 .10 > .05

Attacking Co C vs Attacking Co DO
Urea 442.9 552.8 109.9 2.22 16 < .05
Uric acid 37.2 36.9 0.35 0.10 16 NS
Creatinine 70.3 77.4 7.1 0.35 16 NS

Defending Co B vs Defending Co C1

Urea 486.9 581.0 94.1 1.24 10 NS
Uric acid 33.1 36.4 3.3 0.87 10 NS
Creatinine 69.8 85.1 15.3 2.89 10 < .02

Control Grp A vs Attacking Co B

Urea 495.2 878.4 383.2 3.05 42 < .01

Uric acid 37.8 53.6 15.8 1.99 42 .10 > .05
Creatinine 80.2 121.4 41.2 2.40 42 < .05

Control Grp A vs Defending Co B

Urea 495.2 486.9 8.3 0.15 33 NS
Uric acid 37.8 33.1 4.7 0.90 33 NS
Creatinine 80.2 69.8 10.4 1.63 33 NS

Control Grp A vs Attacking Co B

Urea 495.2 672.4 177.2 2.66 42 < .02
Uric acid 37.8 47.5 9.7 2.31 42 < .05
Creatinine 80.2 103.5 23.3 2.62 42 < .02

Defending Co B vs Attacking Co B

Urea 486.9 876.1 389.2 2.16 29 < .05
Uric acid 34.1 53.6 19.5 1.65 29 NS
Creatinine 69.8 121.4 51.6 1.82 29 .10 > .05

a Means are based on individuals on whom paired data were obtained,
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the Deferdtng Company presented a somewhat different picture than either urea
or uric acid, and the correlations with creatinine were low.

Urinary Steroids and Corticoids

Accurate estimates of the function of the adrenal cortex may be made by
measuring the amount of actual adrenal hormones and the end products of adrenal
hormone metabolism which appear in the urine. This study involved measure-
meni uf Lhe PurLer-Silbe- (P.S.) chromogens (which include among other things,

TABLE A 24

F RATIOS OF GROUPS FOR URINE UREA, URIC ACID, AND CREATININE

(mg/hr)

Measure Variance compared df. F P

Attacking Co B vs Defending Co B

Urea 342,909 47,006 19 and 10 7.30 < .02
Uric acid 1,396 206 19 and 10 6.78 < .02
Creatinine 8,537 291 19 mnd 10 29.3 < .002

Attacking Co B vs Control Grp A

Urea 342,909 27,909 19 and 23 12.29 < .002
Uric acid 1,396 92 19 and 23 15.20 <.002
Creatinine 8,537 314 19 and 23 27.20 < .002

Defending Co B vs Control Grp A

Urea 47,006 27.909 10 and 23 1.68 NS
U.'ic acid 206 92 lo and 23 2.24 NS
Creatinine 291 314 10 and 23 1.08 NS

TABLE A 25

CORRELATION OF STRESS MEASURES (B) OF UREA,
URIC ACID, AND CREATININE IN ATTACKING AND

DEFENDING COMPANIES

Measure Attacking Co Defending Co

rho rho

Urea vs uric acid .89 .91
Urea vu vtreutini,,-c .3" AA

Uric acid vs creatinine .83 .23

the actual hormones), and 17 ketosteroids (KS) (the metabolic end products of
adrenal and some other hormones).

Following exposure to stress, 17 IKS elimination usually increases. If the
stress is continued, the 17 KS output falls below normal values.25 '2 6 in a study
of 66 patients who suffered medical or surgical injury it was found that. ... urinary
17 KS excretion usually rises for a bri'f period (1 to 3 days) and almost always
falls.. .until convalescence is achieved, when it gradually returns to normal." 27
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Many other stressers have been found to give rise to similiar 17 KS changes,
e.g., flight testing, 28.29 speedway racing,'4 a submarine-tank stress situation, 30

emotional stress, 29 irradiation, electro-shock, and some drugs.' 111-211

The P.S. chromogens composed of the adrenal hormones and some meta-
bolic by-products are expected to follow a similar pattern to that of the 17 KS.
It is thought by some that since the P.S; chromogens contain some of the actual
hormone they provide a better estimate of adrenal activity than the 17 KS. This
is questionable, however, since there are greater problems involved in making
the actual determinations. The P.S. chromogens and 17 KS should essentially
substantiate one another, and together provide a better estimate of what is
happening to the adrenal gland than either one would alone.

TABLE A26

17 KS, ATTACKING COMPANY

(mg/hr)

Means compared %lean dint. t df. P

Control Grp A (0.64) vs Attacking Co B (0.93) 0.29 1.67 42 NS
Control Grp A (0.64) vs Attacking Co A (0.69) 0.05 0.60 42 NS
Attacking Co A (0.69) vs Attacking Co B (1.01) 0.32 1.45a 34 NS
Attacking Co B (0.96) va Attacking Co C (0.61) 0.35 2.03b 18 .06
Attacking Co B (0.96) vs Attacking Co D (0.72) 0.24 0.09b 12 NS

a Individuals on whom paired data were available were not included in this test.
b Only individuals on whom paired data were available were used.

Ilia met•uort,,U- extraction of 17 KS from urine was that deacribed by
Pincus. 31I The urine was hydrolyzed and extracted with ether and prepared to
the point of Girard separation in Korea. The extracts in test tubes were flown
to the Uniied States, and the Girard separatic., wa& accomplished at tthe labora-
tories of the Worcester Foundation for Experimental Biology. The data to be
presented here include only the ketonic fraction of neutral steroids. Samples
represent urine collections over a mean time of 3 hours during approximately
the same time of day.

Table A26 presents the mean 17 KS output for the groups studied and shows
the statistical significance of the differences between compared pairs of these
means. The Control Group measures of 0.64 mg/hr compare favorably with
the many measures taken under normal conditions in this country with the normal
range considered to be between 0.6U and 0.70 mg/hr. The values of the stress
groups several days following combat [Attacking Company (C) and Defending
Company (C)] were also within the normal range, being 0.61 and 0.50 mg/ hr,
respectively. The Attacking Company (B) (the poststress sample) was signifi-
cantly higher than its later value (C) (at the .06 confidence level) indicating an
increase in 17 KS output as a result of stress.

In contrast the Defending Company (B) (the poststress sample) (Table A27)
was significantly lower than the Control Group and also significantly lower than
the Attacking Company (B). This, contrary to the Attacking Company, indicates
a lowering of 17 KS following stress.
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An examination of the variances of the measures of the groups further
emphasizes the differences just noted.

it can be seen from Table A28 that the F test hows" •he variance " f
Attacking ($) to be significantly higher than all control measures and those of
the Defending Company (B). This significantly higher variance in B of the
Attacking Company indicates that combat stress in some fashion operated dif-
ferentially on the individuals insofar as their 17 KS output was concerned. The
ex-_tremely high vrariancc at B of the Attacking Company may accoulit hý tiim taUt

that even though the mean poststress 17 KS output for the Attacking Company
was higher than all other measures, it was not significanty higher in all instances.

TABLE A 27

17 KS, DEFENDING COMPANY
(mg/hr)

Means compared Mean diff. t df. P

Control Grp A (0.64) vs Defending Co B (0.39) 0.25 3.40 34 <.01
Attacking Co B (0.93) vs Defending Co B (0.39) 0.54 2.81a 30 < .01
Defending Co 3 (0.42) vs Defending Co C (0.50) 0.08 1.32b 10 NS

a Corrected for significant "F" by methad of Cochran and Cox (W.G. Cochran and G. Cox,
"Experimental Design,* mimeographed, 1944).

bOnly individuals on whom paired data were available were used.

TABLE A28

VARIANCE OF 17 KS
(mg/hr)

Variances compared df. F P

Control Grp A (0.0416) vs Attacking Co A (0. 1206) 23 and 19 2.90 .02
Control Grp A (0.0416) vs Attacking Co B (0.6919) 23 and 19 16,63 .002
Control Grp A (0.0416) vs Attacking Co C (0.1238) 23 and 18 2.98 .02
Control Grp A (0.0416) vs Attacking Co D (0.0606) 23 and 12 1.46 NS
Control Grp A (0.0416) vs Defending Co B (0.0363) 23 and 11 1.15 NS
Control Grp A (0.0416) vs Defending Co C (0.0105) 23 and 11 3.96 .02
Attacking Co A (0.1206) vs Attacking Co B (0.7875) 19 and 16 6,53 .002
Attacking Co B (0.6919) vs Attacking Co C (0.1238) 19 and 18 5.59 .002
Attacking Co B (0.6919) vs Defending Co B (0.0363) 19 and 11 19.06 .002

The P.S. chromingens were extracted from the same urine samples which
provided the 17 KS determination, by a modified Porter-Silber method.32 The
chromogens were extracted with butanol and evaporated to 'ryness in Korea.
The dried samples were then flown to the United States, and the colorimetry was
performed by Dr. Peter Forsham at the University of California Metabolic Insti-
tute.

Table A29 presents the mean P.S. chromogen data for the groups studied.
Owing to the small number of determinations accomplished in each group, no
statistical interpretation was attempted.
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It can be seen from the data that these means generally support the data
obtained on 17 KS above. The mean of the Attacg•ki-n m:, ... . "L, Al,• Company at- R was only

slightly higher than the recovery measures, whereas the mean of the Defending
Company at B was the same as or lower than the control values. However,
again, it should be noted that there is a large variation in the Attacking Company
at B but a considerably smaller variance in the Defending Company at B (see
annex to this a-ppendix).

TABLE A29

MEANS OF PORTE1-SILBE11 CII RONIOGENS
(mg/hr)

Time. of measurement
Group II= A A' I 13 C D

Control Grp 0.27 (2)a 0 .3 6 (3)a - - -

(A + A') mean = 0.32(5)a
Attacking Co 0.3 3 (6 )a - 0.72 (7)a 0 .5 0 ( 12 )a 0.49(7)6
Defending Co - - 0.31 (7)a 0.69 (6)a -

8 N is shown in parentheses.

ACTH Test

It has been established that adrenocorticotrophic hormone (ACTH), a pro-
tein hormone from the anterior putuitary gland, activates the adrenal cortex,
which in turn releases steroid hormones, principally Compound F. A measure
of the adrenal cortical function during stress can be made by measuring the amount
of actual hormones secreted and the metabolic end products of these hormones
excreted in the urine (17 KS, P.S. chromogens) and also by measuring the effect
of the hormones on the tissues and organs (Na/K ratio, chloride, urea, uric
acid, and creatinine). In addition, ACTH can be injected to determine from
the hormones, metabolic end produc-ts, and tissue breakdown just what the re-
serve of the adrenals is following stress. If the adrenal glands are depleted of
hormones following stress,then injection of ACTH should result in less corticoid
excretion and less secondary effect on the electrolytes and nitrogen metabolism
than the same test on the same subject following recovery. It is important to
determinc thc reserve capaciy of the adrenal glands, for the organism is able to
withstand added insult if the gland is functioning properly; if not, such ability
is lost. Therefore the ACTH test is used to evaluate the adrenal cortical re-
serve by stimulating the gland to its utmost capacity and measuring the response.

The method of administering the ACTH test involved giving a standard dose
of 2.0 ml of ACTH in gel administered intramuscularly into the gluteus maxiinus
immediately following the test battery. The subject voided just before the in-
jection and the time was recorded. He was told to coilect all his urine from
then on in a liter bottle containing 5 ml of 3 percent thymol in glacial acetic
acid. The period of collection extended from early evening until 0630 the fol-
lowing morning. The subject himself recorded on the bottle the last time of
voiding. The total period of collection was approximately 12 hours.
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The cflc'ct ou the olcetrolytos, iitrogen metabolism, nnd hormore excre-
tion has been analyzed to evaluate the responsiveness of the adrenal gland fol-
inwt•ncr r•mirt, The results were not treated statistically since most samples
include six or fewer subiects. The means are presented in "raphic form with
individual value, tablcd.
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A Measurement taken prior to combat

B,C 1st ond 2d measurements taken following
removal frmrn combat

Fig. Al-Mean 17 KS before and after ACTH Administration

17 Ketosteroids. Figure Al and Table A30 compare the mean 17 KS out-
put before and after ACTH administration for the various groups under the dif-
ferent test conditions.

It was expected that the injection of ACTH in normal subjects would stimulate
the secretion of adrenal hormones which in turn would give rise to an increased
excretion of 17 KS. In the control subjects this was not the case; there was not
an increase in 17 KS output followingACTH administration. This may be accounted
for by the fact that the 17 KS before ACTH were determined from samples col-
hPewrai during the day; whereias the nost-ACTH 17 KS represented overriUht COl-

lections. The apparent lack of stimulation, then, is most likely due to the failure
of the ACTH to overcome completely the known decline in 17 KS output during
sleep.

33

Figure Al and Table A30 also show the increase in 17 KS excrztion in
resp-onse to ACTH by the Attacking Company immediately following combat (B).
This output of 17 KS is gre.ater than that caused by combat stress as indicated
by the pre-ACTH measure. In contrast to the post-ACTH normal values in the
Attacking Company are the low values in post-ACTH 17 KS in the Defending
Company, confirming the finding of low adrenal activity in this group following
combat. It should be noted that both the Attacking and Defending Companies
responded to ACTH with an increased 17 KS excretion when they were measured
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5 to 11 days after combat, at whith time fi eau he ass:tmed they were approach-
ingr recovery: howeve-r- the- adrenal mncay till 'be somT..ewhat lIhyprsenw!Atttv accoIu!nt-~
ing for the difference in reaction of these groups from hat of the Control Group.

In both the Attacking ard Defending Companies immediately following com--
bat the high 17 KS excreters before ACTH are high following ACTH, whereas
the low excreters before ACTH injection fail to be stimulated by the ACTH.

TABLE A 30

17 KS BEFORE AND AFTER ACTII ADMINISTRATION
(mg/hr)

Subjects, A

Control Gp Before After

H9329 0.55 0.47
118421 0.42 0.46
113136 0.72 0.68
M7371 0.59 0.74
W4130 0.63 0.28
W7018 0.89 0.41
S1495 0.65 0.23
W1009 0.64 0.28

Mean 0.64 0.44

Subjects, B C

Attacking Co Before T After Before After

114808 1.01 1.75 0.93 0.79
M0305 0.32 0.39 0.13 0.51
S 4171 0.45 0.59 0.48 0.75
W1083 0.88 0.73 0.42 0.42

Mean 0.67 0.87 0.49 0.62

Subjects, B C

Defending Co Before After Before After

F8576 - 0.42 0.63 0.77
R0371 0.45 0.26 0.46 0.48
S4749 0.52 0.33 0.40 0.51
1T1'53 0.32 0.16 IC 0.5n 0.9

W7805 0.07 0.16 0.59 0.61

Mean 0.34 0.27 0.53 0.61

P.S. Chromogens. FIgures A2 and A3, supported by Tables A31 and A32,
respectively, show the results obtained by measuring P.S. chromogens in the
urine before and after ACTH administration under the previously described
testing conditions. Figure A2 and Table A31 show all the Porter-Silber deter-
minations, and Fig. A3 and Table A32 describe the data from subjects from whom
repeat data were obtained.
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'i'he Porter°4Silbei' data geneerally snoihlrt the data obtained by measure-
ment of the i' KQS there was no respoonse to A~t$ in the hJefo,.dindtg C-Dompany
at B, aumin indicating no adrenal activity. The response of the Attacking Com--
piny followingr combat w2.53 lower after ACT!! thVn bhfore AC-7T1, sr shown in

1.60
1.20

0.80

S

u 0.40
44

0a

A+-A A B D B C

CONTROL ATTACKING Cn DEFENDING CO
GROUP

W.1 Before ACTH After ACTH

A,A' Measurements taken prior to combat

B, C, D 1st and 2d measurements taken following
removal from combat

Fiq. A2-Mean P.S. Chromogens Based on Complete Determinations
before and after ACTH Administration

1.60

0.80 -

0

U0 .4 0

0
A B D B C

LIKUL ATTACKING CO DEFENDING CO
GROUP

(for key, see Fig. A2)

Fig. A3-Mean P.S. Chromogens on Subjects for Whom Repeat Data
Were Partially Complete before and after ACTH Administration

Fig. A2, although the value was somewhat higher than obtained in the Defending

Company. Unfortunately there were small numbers of px)st-ACTH determina-
tions in both groups, because only a portion of the total samnples were anialyzable.

It should be pointed out that of the three individuals in the Attacking Company



TniJr; A:31

COMPLETE P. S. CltIBOMOG•IiNS
BEFORE AND AI"ITElt ACTil AIItSNITiATION

(mg,/fir.)

Subjects, I A I
Control (Gp Ilefor ± Afte 1efore After

118421 - 1.5 - -

113136 - 0.92 0.32 -

W7018 0.28 0.64 - -

W1495 0.2,5 - - -

%17371 - - 0.27 -

W4130 - - 0.48 -

.Mean 0.27 1.02 0.36

Mean combined data, A + A' before ACTI) = 0.32

Subjects, 11D

Attacking Co Before- After Before A

C4136 0.32 - - -
114808 0.34 0.37 0.26 1.40
%10305 0.13 0.25 0.45 0.78
P4185 0.96 - 0.34 -
S4171 - 0.50 - 0.90
T9985 0.81 - - -

W2990 2.30 - - -

W10103 0.19 - 0.47 0.74
117321 - - 0.84 -
111864 - - 0.72 -

111296 - - 0.37 -

Mean 0.72 0.37 0.49 0.96

Subjects, ]B [C

Defending Co Before [ After Before [ After

F8576 - - 1.1 -13 0.30 - -,3

J 4476 0.24 - - -

I,0624 0.82 - 1.0 -

P0411 0.29 - - -
110371 - 0.92 1.12
S 4749 0.45 0.39 0.29 1.20
T1483 0.08 0.024 0.29 1.71
"1"77805 0.02 0.16 3.56 0.83

Me an 0.31 0.19 0.69 1.22
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Uuklx whow;. mqost-A( :-0- data were obtained tallowillg1 coyojbti,• ile i Nwo 1 W,-whivB

pro--AC('f values w(er available were low h.ti. chromogen ecereters prior to
ACTH. Since the 17 IKS data indicate that those who were low before ACTH also
gave a low response' ., Al'Hl, the fact that the Attacking Company's post.-ACTfI

TAB-LE A 32

P. S. CHROMOGENS BEFORE AND AFTER
ACTH ADMINISTRATION ON SIBJEl'JtCU vuuH WfiOM

REPEA.AT DATA WERE PARTIALLY COMPLE'TE

(mg/hr)

Subjects, A

Control Grp Before After

H8421 - 1.5
113136 - 0.92
W7018 0.28 0.64
S1495 0.25 -

Mean 0.27 1.02

Subjects, B D

Attacking Co Before After Before After

114808 0.34 0.37 0.26 1.40
M0305 0.13 0.25 0.45 0.78
S 4171 - 0.50 - 0.90
W1083 0.19 - 0.47 0.74

Mean 0.22 0.37 0.39 0.96

Subjects, B C

Defending Co Before After Before After

110371 - - 0.92 1.12
S4749 0.45 0.39 0.29 1.20
T1483 0.08 0.024 0.29 1.71
W7805 0.02 0.16 0.56 0.83

Me an 0.18 0.19 0.52 1.22

data were obtained on only three individuals, two of whom were low excreters
prior to ACTH, undoubtedly accounts for the low P.S. chromogen response to
ACTH by this company.

The data of the Control Group and of the Attacking and Defending Companies
11 to 22 days after combat followed the usual pattern. There was in the Defend-
ing and Attackdng Companies a dramatic increase in response to ACTH in con-
trast to the marked iow response at B.
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Electrolytcs, tigure A4 shiows.; graf.phicfxally the Na/K ratio before and a;fter
ACTHI and °Iable A33 shows the ictuail numerical ratio,. FigniVe Ab and 'abh•e
A34 present the urinary total .hloridn data. In the Control Group both the t../K

ratio and total chloride dropped .a.pproxm.. at.-,.ely the ,amc imount on A and X
indicating adrenal sensitivity. In B of the Attacking Company the adrcnal re-
sponded to ACTH even though the pre-ACTH ASamples already indicated "ncreased
adrenal activity. In C sample, the Na/K ratio and urinary chloride values were
normal in pre-ACTH samples and reduced in post-ACTH samples as expected.

6.0

5.0

4.0

2.0

0
A A' B C B C

CONTROL GROUP ATTACKING CO DEFENDING CO

(for key, see Fig. A2)

Fig. A4-Mean Urinary Na/K Ratios before and after ACTH Administration

hi contrast the Defending Company at B had a high Na/K ratio indicating hypo-
adrenal activity. On administration of ACTH!, however, where was a marked
lowering of the Na/K ratio and urinary chloride indicating some activity of the
adrenal gland with respect to electrolytes. The pre- and post-ACTH responses
at C were comparable to the Attacking Company and the Control Group.

Nitrogen. A negative nitrogen balance (increased nitrogen excretion) is
expected following successive injection of ACTH over a period of days. Ingle
concludes from his work with adrenalectomized or sham-operated rats that
2rlrenncnrtjcai hormonoare aure quilred, buitnolt cus~al, facto: for-Incrased
nitrogen excretion.Y

The pre- and post-ACTH data for urea, uric acid, and creatinine for the
three groups at the various measurement times are shown in Figs. A6 to A8 and
Tables A35 to A37. The Control Group showed a mean decrease onthe nirogen
measures following ACTH administration. The Individual values showed no
consistency -some Increased, others decreased following ACTH,

In the Attacking Company the mean urea, uric acid, and creatinine excre-
tions at B following ACTH were considerably lower than the pre-ACT11 values at
B. Each individual showed this drop. At C and D the post-ACTH means were
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sliAhi ly lower althoug1h thovl .rC wa; io eon,1si.Estoi cy acmng io. dividi,.ls. Iihe I)f:lf•:ld
ing Company, on the other hand, uiuhoved a small povt.t A(Y1" mcan huciGUe t
B althoug•h there were some individuahl who showeL d-crase:-.

TABL.E A 33

1111INAHY Na/K RA'TIOS
BEFORE AND AUTL,:n ACTVI] A mIN!sTrAiON

Subjects, A. A!

Control Grp Before _ After Before After

119329 3.6 1.3 - -
118421 2.9 0.8 3.1 0.9
113136 3.8 0.8 4.3 1.6
M7371 2.8 ).9 2.1 1.5
W4130 2.5 1.5 2.7 1.3
W7018 3.8 0.8 - -
S1495 2.7 1.0 2.9 1.6
W100Q 1.8 1.4 1.7 1.0

Mean 3.0 1.2 2.8 1.3

Subjects, B C

Attacking Co •efor After Before After

S 4171 2.7 0.7 2.8 1.8
W1083 1.0 1.4 4.6 1.9
114808 1.4 0.4 3.9 1.1
M0305 2.1 1.5 3.6 1.9

Mean 1.8 1.0 3.7 1.7

Subjects, B C

Defending Co Beoe After Beoe U ~ ter

F8576 3. 1 1.7 8.4 2.4
R0371 3.3 1.3 2.5 0.7
S4749 3.8 1.4 3.5 1.4
T1483 8.2 2.0 3.2 0.6
W7805 6.9 1.7 2.5 0.9

Miean 5.1 1V6 4.0 1 9

In general the results with ACTH failed to show a consistent change. The
results may be partly explained on the basis that the ACTH urine was collected
overnight at a time when nitrogen output would normally be low; tha ACTH stim-
ulation was sufficient to restore the decline in nitrogen excretion occuring during
sleep but not sufficiently prolonged to obtain the catabolic response. However,
the increase in nitrogen excretion in response to ACTH at B in the Defending
Company cannot be explained adequately at the present time.
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Fig. AS-Mean Urinary Chloride before and after ACTH Administration

TABLE A34

URINARY CHLORIDE BEFORE AND AFTER ACTH ADMINISTRATION
(meq/hr)

Subjects, A A'

Control G-p alor After Before After

H9329 16.7 4.8 - -

118421 13.4 5.5 8.1 3.5
113136 15.4 3.1 17.8 1.6
M7371 8.8 10.0 8.1 4.6
W4130 15.2 5.5 X1.5
W7018 18.5 2.6 - -

S1495 5.2 3.0 11.2 5.2
W1009 7.9 5.6 14.6 4.2

Mean 12.6 5.0 11.9 3.8

Subjects, B C

Attacking Co Before After Before After Before After

H4808 2.3 7.9 14.4 7.7 1".4 6.8
M0305 4.0 2.9 3.9 6.3 6.0 4.1
54171 6.7 5.1 6.1 5.4 11.8 8.9
W1083 4.0 3.4 25.9 6.0 21.0 5.1

Mean 1.3 4.8 1Z.b 6.4 14.1 6.2

Subjects,
Defending Co Before After Before After

F8576 1.2 3.3 22.1 13A1
R0371 4.8 4.1 7.5 6.4
S4149 3.7 7.2 8.9 13.8
T1483 7.7 4.3 10.S 7.2
W7805 2.7 4.3 9.1 5.7

Mean- 4.0 4.6 11.6 9.2

60Ca
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Fig. A6-Mean Urine Urea before and ufter ACIU Administration

(far key, see F g. A2)
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Fig. A/-Mean Urine Uric Acid before and after ACTH Administraticn

100 (for key, soe Fig. A2) r l
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Fig. AS--Mean Urine Creatinine beioro and after ACTH Admini istrat ion
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IA)'I.V At31

IIRINARY UREA I13--FOJiF. AND AITEH ACI'l ADIliNISTRAT'FION
I_ II "

Subjects, A A'
Control Grp Before After Before After

A.J... 537 42n -

118421 507 533 566 517
113136 646 481 657 541
M7371 386 604 331 297
W4130 483 404 380 463
W70101 241 420 - -
S 1495 371 286 335 354
W1009 294 202 521 210

Mean 433 420 465 399

Subjects, B C D

Attacking Co Before After Before After Before [ After

114808 571 527 260 476 654 723
M0305 444 366 308 333 404 471
54171 543 471 557 590 688 508
IS093 1077 740 771 434 698 356

Mean 659 526 474 458 611 515

Subjects, B C-- -
Defending Co Bfor f After Before J After

FP576 198 522 742 799
10371 405 421 500 572
S4749 461 672 411 851
T1483 454 378 589 627

Mean 380 498 561 712

TABLE A 36

URINARY URIC ACID BEFORE AND AFTER ACTH ADMINISTRATION

(mg/hr)

u..L * ~ . ,KA i A

Control Grp Before After Before After

119329 40 26 - -
H8421 33 43 34 35
113136 33 30 36 26
M7371 23 40 23 22
W4130 40 27 31 37
W7018 V 20 - -
S 1495 37 19 23 31
W1009 28 17 32 12

Mean 35 28 30 27
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:4uuliject.s, [ -. r .-,.,,]

41 200" ,, :3 50
,M10305 25 3 15 14 23 13
S4171 50 :138 45 30 43 36
W,10In 67 12, 46 24 51 20
Mean 48 25 36 27 39 30

Subjects, C (J
Defending Co Before After Pefore After

F8576 11 26 39 44
110371 26 34 39 29
S4749 23 39 26 39

'1l1 30 25 31 16
Mean 23 31 34 32

TAIBILE A37

CREATININE BIEFOtEI AND AFTE'II ACTIV ADMINISTRATION
(mg/hr)

Subjects, A A'

Control (Grp liefore After Before After

119329 82.1 64.4 - -
118421 66.7 64.7 61.7 62.1
113136 73.7 56.9 75.9 49.0
M7371 72.0 72.0 59.0 40.4
W4130 78.8 78.8 72.8 73.8
W7018 91.8 49.5 - -
S 1495 72.5 34.9 60.5 62.8
W 1009 63.7 35.7 78.8 32.1

\lean 75.2 57.1 68.1 53.4

Subjects? - 13 C. D
Attacking Co Before After T ,Before After Before After

114808 102.9 50-8 78.1 77.5 108.3 83.0
%10305 62.6 41.4 55.6 49.0 57.4 64.7
$4171 72.7 59.2 68.7 74.0 72.0 88.8
W1083 151.1 71.9 70.0 I5.0 79.9 55.2
Mean 07.3 S-S 68.1 63.9 79.4 72.9

SuLbje ti, I1 C

Defending Co Blefore ]. After Before After

F8576 31.3 69.5 83.6 80.0
H0371 64.0 52.4 91.5 75.0
S 4749 875 87.8 89.8 107.5
T1483 65.6 49.0 74.2 62.4
%lean 62.1 64.7 84.8 81.2
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Three main groups of infantrymen were ntudied who were in comb."',at of
dtiferent int-cnsjt.•es and for different periods of time. These groups are d(-.

scribed in detail in 'the main body of this nemorandum. .Briefly, the Attacking
Company spent 18 hours in intense combat and suffered 61 percent casualties;
the Defending Company occupied the same posi+ion for 5 days, under less
sevcrc conditions, and tuuk 17 percent casualties; the control Group occupied
blocking positions on the MLR in a relatively quiet area.

TABLE A38

COMPARISON OF MEAN VALUES OF URINARY AND BLOOD CONSTITUENTS
OF CONTROL GROUIP WITH LABORATORY DATA ON NORMAL SUBJECTS

Measure Control Grp' N Normal sub.jects, USb

17 KS, mg/hr 0.64 (aM = ± .042) 24 0.695 (um ± .0 3 2)c
Creatinine, mg/hr 80 24 75d

Urinary, Na/K 3.07 24 1.93d
Uric Acid, mg/hr 38 24 31d
Eosinophi!s, per cu mm 235 23 248d
l.ymphocytes, per cu mm 2904 24 3068d

aAge for Control Group ranged from 18 to 37 with a mean of 23 years.
bAge of all normal subjects ranged from 20 to 39 with the exception of 17 KS subjects (20-29)

and ensinophil subjects (40-60).
cG. Pincus, L. liomanoff, and J. Carlo, "Excretion of Urinary Steroids by Men and Women of

Various Ages,' 1. Geranu 9:113 (1954).
dA, ioagland, G. Pincus, F. Elmadjian, L. Romanoff, H. Freeman, J. Hope, J. Ballan,

A. Berkeley, and J. Carlo, "Study of Adrenocortical Physiology in Normal and Schizophrenic
Men," A.M.A, Archives Neur. & Psychian, 69:470 (1953).

It is of interest then to describe the various physiological responses of
these groups; to discover whether short-term, hitense combat (Attacking Com-
pany) differed markedly from long-term, less intense combat (Defending Com-
pany) in its physiological effects and to determine in turn how these two stress
groups differed from the Control Group.

The Control Group's physiological data compare very closely with that
obtained in laboratory work on normal subjects in the United States. Table A38
compares mean values of urinary and blood constituents of the controls with
laboi'atury data on normal subjects. There is marked agreement in spite of the
expected differences due to diet, time of collection, and general living conditions.
Thus it can be stated that soldiers In blocking positions some 200 yards behind
the MLR react normally on all the physiological measures.

Following combat the Attacking and Defending Companies differed in the
majority of the physiological measures. These differences and their interpre-
tation will be discussed in this section. There were also some apparent group
differences in the length of recovery time which will be discussed in a later
section.
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W Idle4- Ullood Coll .Me!1SUvcT. T1e AttaC16ing CMU[I-n~i :401%701"a ~ :tI.tls-
penia following, comkxNt (1-) 'whercats thv comnt. hin tht' DfolRf,~l)1VWf
close to normal on B but di'oppedt 1 I days following removal fromt conmbat (,ee
section 4Eosinophilsi). The lymnphocytes in the Attacking Company were not
significantly lowered followJng combat until 5 days after removal from action
"bp•t had not returned to normal aater 22 days. On the other hand, there was a
clear lymphopenia in the Defending Company after combat and recovery was
not complete 11 days later (see sectien "Lymphocytes"). A marked shift to
he left (appearance n.f .matu.-c neutrophlnhl tvo nhasbeved in the, Aftnekingr

Company at B. Furthermore, In spite of this shift to the left a leucopenia ob-
served in this group was due mainly to a decrease in neutrophils. The Defend-
ing Company at B showed a normal white cell count which dropped significantly
at C. Also in the Defending Company the neutrophils did not show such a marked
shift to the left (see section "White Blood Count').

Urinary Adrenal-Pituitary Indices. The Attacking and Defending Compa-
nies also showed different responsiveness of the adrenal gland. When several
of the main indicators are studied, e.g., 17 KS, P.S. chromogens, Na/K ratios,
urinary urea, and uric acid, the distinction between the two groups becomes
apparent.

The Attacking Company showed a high 17 KS output, a slightly high P.S.
chromogen output, a low Na/K ratio, and a high urea and uric acid excretion
following exposure to combat. All these indices are complemcntary and indi..
cate that the adrenal cortex was active, that it was being stimulated by the
stress encountered and was secreting a larger than normal amount of adrenal
hormones; and, along with this, that there was protein catabolism and a shift
in the electrolyte balance.

The converse was true in the Defending Company, the less intense, long-
term combat group. Here the 17 KS and P.S. chromogen excretion was below
normal, the Na/K ratio was high, and urea and uric acid excretion were both
in the normal range. These measures indicate that the adrenal was not re-
sponding to the stress, that it was excreting a lower than normal amount of
hormones, that there was no protein catabolism, and there was an opposite
shift in the electrolyte balance. Thus there appears to be a stimulation of
adrenal cortical function in short-term, intense combat and a dulling of the
adrenal cortical function in the long-term, less intense stress situntion.

in FIg. A9 the poststress (B) Na/K ratios p lotted against the 1? *5 (B)

measures for both the Attacking and Defending Companies. The correlation
(Pearson product moment) coefficient for this scatter is -. 44, significant at
the 5 percent level. In the Attacking Company those who had low 17 KS had a
high Na/K ratio and conversely those with high 17 KS had low Na/K. The De-
fending Company does not have the range of the Attacking Company and the
values are clustered around low 17 KS and high Na/K.

Figure A10 is plotted in the same manner using B urea vs B 17 KS.
The correlation is .86, significant beyond the 1 percent level. Here again the
Attacking Company shows a considerable spread with high 17 KS and high urea
and low 17 KS and low urea. On the other hand the Defending Company data
are clustered around low 17 KS and low urea values.

In Fig. All, where 17 KS is plotted against uric acid, the same picture
appears as hi Fig. A10. The correlation here is .84, significant at better than

fvlflf -,or
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thle 1. percelit level., hit "teiteral, iH.A!) 1.11 )\l1 &)iiw thati it) tOw Attackilig
Company there waN $ncreascd aidrenocortical activity, nitrogen catabolis.m, and
a shift in the electrol••e balance, This was not apparent in the Defending Corn-
pany where there was no increase in 17 KS ýnd the nitrogen mnetabolism was in

120

100

80

ME

_ 60U

S40 x x4 00
0 X

20 0 a

20 0

0.0 0.5 1.0 1.5 2.0 2.5 3.0
17 KS, MG/HR

0 Attacking Co x Defending Co

Fig. All-Uric Acid vs 17 KS, 12 Hours Poststress (Measurement '3)

the normal range. It should be noted, however, that the response of the Attack-
ing Company was heterogeneous and that of the Defending Company homogene-
ous. (This particular point is discussed in the section "Individual Differences.2)

The ACTH data lend some support to this distinction between the two groups
although there are some unexplained changes which occur in response to ACTH,
particularly in the nitrogen and sodium and potassium data. The I..-n of the
Attacking Company showed increases of 17 KS following ACTH in the post-
combat measure (B). The Defending Company subjects, on the other hianU,
demonstrated a decline of 17 KS output following ACTH on the B measure in
spite of the known stimulating action of ACTH on the adrenal gland. Eleven days
later when ACTH was injected there was an increase in 17 KS excretion. The
P.S. chromogen determination following ACTH provided further evidence for
distinguishing between the two stress groups. In the Attacking Company the
adrenal responded to ACTH as noted by the Na/K ratio indicating hyperadrenal

*Tbese strong correlations of the various indices of adrenal function are especialiy noteworthy since
previous expevimentation has failed to reveal such meaningful relations. This may be due to the fact that
the combat groups were subjected to stress much more prolonged and severe than die subjects of laboratory
experimentation. 3(33)
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aciivity. This Is ill lie wiih iliiŽ results of dtw 1i KS and P.,S' chromog en-'.
Contrary to the 17 KS and P.S. chroniogen data iuJdicatiig post-ACTH hypoad-
renal activity, the Na/K ratio decreased in tihe Pefending Company in response
Lo ACTHi, which pcovides csome evidence of adrenal at'iviLy. This would indi-
cate that the adrenal was secreting a hormone in response to ACTH which may
be specific to the electrolyte balance. This iormone may be the recently dis-
covered electrocortin which is specific to eiectrolytes. Electrocortin would
not affect P.S. chromogens and 17 KS but would r.sult in nn inrrPnqn 1n N2/ 'T

ratio?
4

TABLE A39

GENEBALIZE.D SUMMARY OF DIFFEtRENCES iN PHYSIOLOGICAL DATA

Measure Control data Attacking Coa Defending Co'

Blood
Total white count 8800/cu mi - a
Eosinophils 235/cu mm - n
Lymphocytes 2900/cu mm n

Urine
17 KS 0.64 mg/hr +
Na/K 3.07
Urea 500 mg/hr + n
Uric acid 38 mg/hr + n

a-, significantly low; +, significantly high; n, normal range

In summary the comparison of the biochemical profile of soldiers sub-
jected to an intense battle situation (Attacking Company) vs those subjected to
a less Intense battle situation for a longer period of time (Defending Company)
shows that the two situations have different physiological effects. Whereas in
the short-term, intense stress there was an indication of increased steroid
output with increased protein catabolism, in the long-term stress there was a
dulling of the adrenocortical function as evidenced by the 17 KS and the P.S.
chromogens and no protein catabolism. In addition the shifts in electrolyte
balance were in the opposite direction for the two groups. Table A39 summa-
rizes the biochemical profiles of the groups studied. However, it is clear from
the electrolyte data observed in the Defending Company after ACTH that the ad-
renal• was n completely nonresponsive; it was nonresponsive as far as 17 KS
and P.S. chromogens were concerned, but it did respond to ACTH where some
hormone, possibly electrocurt-n, related to the electrolyte function, was stimu-
lated. It may be inferred that whatever hormone was being stimulated after
ACTH (acting on the electrolytes) in the Defending Company, it was not detect-
able in the 17 KS or P.S. chromogens.

From a detailed study of the literature, Selye has prepared patterns of the
various physiological responses to stress 5(277-BO) Three such curves are shown
in Fig. 5 in the main body. Each curve is divided into three phases-the alarm,
resistance, and exhaustion phase. This triphasic response to stress Selye calls
the "General Adaptation Syndrome." These patterns may be interpreted as re-
flecting increased secretion of adrenal hormones during the early stages of
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t:L• L VZ. 'nt -)i.titO) ol lowcd b:/a iitch longer period of below-normal adrenal
activity as the stress i• continued (resis4tance phase). This in turn Is followed
by a stage of exhaustion which may lead to death of the organism. It would ap--
pear from the data in this memo that, taken as a group, following combat (B)
the Attacking Company was in tWe initial phase of this stress reaction, whereas
the Defending Company had passed through this stage and reached the second
or resistance phase.

Individual Responses

In addition to the distinctly different biochemical profiles for the Attack-
ing and Defending Companies following exposure to combat, there is a differ-
ence in the amount of individual variation within each of the groups. In the At-
tacking Company the high 17 KS mean following combat (B) was accompanied
by a large spread within the group (0.32 to 2.89 mg/hr). In the Defending Com-
pany the low mean was accompanied by a relatively narrow range (0.07 to 0.69
mg/hr), and In the Control Group the range was 0.28 to 1.34 mg/hr.*

Idealized curves may be drawn for each physiological response to show
In general the pattern followed when the organism is exposed to stress. In-
dices of adrenal response such as 17 KS, nitrogen metabolism, and electrolyte
response have been traced under various stress situations. The pattern for a
physiological response is usually the same for various stresses. Browne et al.35

present the case of a 23-year-old man who suffered fractures and whose phys-
iological responses were observed for approximately 2 months. Following
fracture there was a sharp increase in 17 KS with a high negative nitrogen
balance (protein catabolism). Approximately 2 weeks later a fall-off was ob-
served in both of these to a point where they were a little below normal. This

was followed by a return to normal. A curve for 17 KS which follows a similar
pattern is reported in operated cases by Forbes et al." From the vast amount
cf information that Selye reports in his book, Stress, on the various measures
of adrenal activity, he draws generalized curves for the various indicessc2 77-80 )

Figure 5 in the main body of the memorandum presents three such curves. In
summary, stress is normally responded to by an increased secretion of adrenal
steroids, nitrogen catabolism, lowered Na/K ratio, etc., followed by a disap-
pearance or reversal of these effects and then a gradual return to normal after
the stress is withdrawn. If the stress is continued a stage of exhaustion is
reached resulting in radical changes in the pattern of response.

If there is a generalized curve for physiological responses which is fol-
lowed when an Individual is exposed to stress, the narrow range nf phy-sioatog

ical respornse ubserved in the Defending Company would be expected. However,
the wide range of responses observed in the Attacking Company on. the various
indices following combat (B) must be explained. Hypothesizing idealized curves
for physiological indices for each individual the ?pread in the Attacking Company
represents a difference in time of reaction.

*The F values comparing the variancen of thz Attacking and Defending Companies are given in Table
A28 in the section "Urinary Steroids aiti Cortieoids.* These values a~e highly significant. To rule out
the influence of the meant on the variance the coefficient of variatior was cormputel for each group. The
coefficient of variation for the Defending Comparn' was found to Le significantly lower than that for the
Attacking Company for both 17 KS and N/K ratios,
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It appea-eed that all the hidividuals were subje.cted to a similar combat
stress. It was therefore expected that all the subjetws would show a similar
physiological response to this stress, In the Attacking Company the men were
up agan•srl intetnse enmny firne, they all went thrnogh a sqimilar physical exer-
tion, and they undoubtedly all thought that there was a good chance of their
being killed or wounded. It is certain that they saw others severely wounded
or killed. Possibly there were subtle differences in the meaning of the situa-
tion to the individuals, and some of the variation could be accounted for by this.
However, it does not seem likely that the tremendous spread could be aicuuu,,ted
for completely by a difference in meana,.g.

B I I

Z LUu M

UI-.02

TIME

Fig. A12-Variation in Rate of Physiological Pattern Shown by Three Individuals,
A, B, and C, in Stress Patterns I and II

It seems logical that each individual subjected to stress follows much the
same physiological pattern; however, it would also seem logical that the rate
at which each individual proceeds through the pattern would be different. In
other words the physiological change is approximately the same for each in-
dividual but physiological time is different. This is graphically presented in
Fig. A12. Here a typical adrenocortical measure is plotted against time. If
it is assumed that stress starts acting at 0 time and continues for an indefinite
period of time, the hypothesized reaction of three individuals, A, B, and C are
shown by the three curves. Individual A, who normally has a high adrenocor-
tical output, responds very rapidly at the onset of stress and proceeds through
the pattern much more rapidly than Individual C, whose initial adrenocortical
output is lw-cr and ,.s.. rate of chane i slower. it h.n hp seen from this

graph that if measures were made of this function at Time I there would be
considerable itndividual variation in the measurement at that time; Individual
C would show high adrenocortical response, Individual A would be low or below
normal, and Individual B somewhere between A and C. Measurements made
at Time II would show little variability of individuals since all would have
passed into th': second phase of the stress pattern.

Returning to the 17 KS data, although complete curves cannot be drawn
for each individual the large spread of the data with the high mean poststress
value in the Attacking Company would indicate that they were measured some-
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whler In the region of Thlne I, whereas the Defending Company, with a helow
normal miean and narrow rangre, way oLi,;:.-;ured at _•Ime I. 800winewlcrc in the
resistance phase.

With this hypothesis, considerable nmeaning can be attached to the low
17 KS values in the Attacking Company. When these Individuals were sub-

jected to stress or were in an anticipatory state their 17 KS started to rise
at a more rapid rate and they went through the typical reaction faster. When
they were observed following 18 hours in combat they had passed thlrougzh the
high part of the pattern and were approaching or were in the low phase of the

3.0

2.5

2.0

S1.5

0.01
INDIVIDUALS IN ATTACKING CO

0 B data x C data

Fig. Al 3--Changes in 17 KS from Measures B to C, A~ttacking Co

patter'n. Data for these individuals, then, should resemble the data on the. De-
fending Company. Evidence for this is shown in Fig. A13. Here the postcom-
bat (B) 17 KS data of the Attac~king Copny.nn are plotted in descending order of
value. Of the eight lowest values (indicated by thebrace), seven of them rise

on recovery (indicated by the upward direction of the arrow).* The mean uric
acid, urea, and Na/K values for these eight subjects are in close agreement
with the mean values in the Defending Company. The mean values for the re-
inaiti,,g I0 subjects are considerably different from those fo~r the Defending
Company (see Table A40). The response of 44 percent oil the Attacking Com-
pany is very similar to the mean response of the Defending Company, already
identified as being in a more advanced stage of the stress reaction.

Figure A14 shows the 17 KS data for the Defending Company plotted In
the same manner as the Attacking Company. The seven lowest subjects, or

* Since reeat. ddaa are not available on the Control Group to determine the reliability of 17 KS it may
be possible that the faKling of the A c ing on the low values are due to regression to the
vean. 17 KS have been reported to be highly reliable, however; each individual has a characteristic
level of 17 KS excretion for both day and night.33-30 It is therefore doubtful that the Aift to the mean
on C could be due to regreai siona
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64 percent of the group (indicated by a bra.e) return toward normal on re-
covery, whereas the four highest come down to normal. However, there are
no extremely high values as there are in the Attacking Company.

Using the terms described by RSlye (the alarm, resistance, and exhziustion
phases) to characterize the portions of the idealized pattern, after 18 hours
in combat 44 percent of the men in the Attacking Company gave all indications

TAHI.P A4O

COMPAHISON OF MEASU/ES OF HIGH! ANu LOYW 17 KS EXCHETERS
IN ATTACKING COMPANY WITH THOSE OF DEFENDING COMPANY

Mean of high 17 KS Mean of low 17 KS
excreters, Attacking Co excretera, Attacking Co Mean of

Measure (N = 10) (N = 8) Defending Co

17 KS mg/hr 1.41 0.41 0.42
Urea mg/hr 1168 580 487
Uric acid mg/hr 71 37 34
Na/K 1.2 2.8 5.1

1 F Lowest values

0.0

INDIVIDUALS IN DEFENDING CO
0 Bdata X Cdati

Fig. A14-Charges in 17]I KJ from Measures
B to C, Defending Co

of having reached the resistance phase, while the remaining 56 percent were
in the alarm phase. The Defending Company as a whole, after 5 days of less
int.ense combat, was in the stage of resistance, but there was a portion of the
group which was either in the last stages of the alarm phase or had entered
the exhaustion stage. If there were complete ACTH data on these four highest
individuals in the Defending Company it might be possible to place them in
elthei: the alakinii o0 exhauLtiou phase. As it is, the ACTH test was adminis-
tered to only one subject in this group of four, and he showed no increase in
17 KS excretion, indicating that the adrenal was not responding. This is con-
trary to the results with the Attacking Company -*here, when they appeared to
be in the alarm phase and ACTH was administered, there was a response.

Phys.iological Recovery

The data obtained in Korea provide some information about the time
necessary for the physiological processes to return to normal. It is important
for the military commander to know whether it takes a few hours, several days,
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or longer for the organism to return to normal, physiologically, after combat
stress..*

IV is clear fromi the previous sections that the Attacking and Defending
Cumpvanies present d ..Ifferegnt. b h c.al p-ofiles. As a grout,, the AttacNing
Counnpany shows hyperadrenocortical activity, the Defending Company hypoad-
renocortical activity. The former condition is generally recognized as the
normal response to stress when it is first encountered, the latter stage is
reached when stress is continued over a period of time. It is Important for
future work in this area to determine the pattern and time ox recovery for
hy-peradrenocortical and hypoadrenocortical activity.

In Figs. A15 to A18 the major physiological measures are plotted for the
Control Group and the Attacking and Defending Companies. The mean for the
Control Group is considered the normal response and forms the base line; the
means for the Attacking and Defending Companies at B, C, and D measure-
ments are percentages of this mean. The measuring times on the Attacking
and Defending Companies are not the same as can readily be seen in Fig. 3 of
the main body of this memorandum. Since successive measurements at fre-
quent intervals were not made the results, so far as recovery time ic con-
cerned, can be only approximate.

Figure A15 presents the comparisons on white blood count measures. In
general the blood count started to return to normal in the Attacking Company
5 days (C) after removal from combat. Twenty-two days (D) after removal
from combat it was for all purposes normal. It was not possible to determine,
however, when it returned to normal from the available data, but it certainly
was somewhere between 5 and 22 days after removal from combat.

The mean eosinophil and white blood cell counts in the Defending Company,
on the other hand, were actually lower 11 days after removal from combat (C)
than 12 hours after removal (B). The lymphocytes were approaching normal
11 days following removal from combat.

As a group, then, the Attacking Company appeared to be on the way to re-
covery 5 days after removal from combat, whereas the Defending Company, even
11 days after removal from combat, in general did not show the approach to-
ward normal.

Individually, the subjects in the Attacking Company showed a variety of
responsesa.23-2 4) On lymphocyte counts, for example, some returned to normal
on C measure, others continued to drop on C, or showed no change on C, and
then on D measure, whereas some showed normal counts, others still had not
returned to normal. The same general picture was true of eosinophils.

TUhe eictrolytc data in Fig. A16 present esoentill!!y ths same picture.
Five days aiter removal from combat the mean Na/K ratio in the Attacking
Company crossed over the normal Na/K value, whereas in the Defending Com-
pany, even after 11 days out of combat, the mean electrolyte response had just
dropped to within 12 percent of normal. To support this, the urinary chloride
response in the Attacking Company had returned to near normal at C, whereas
in the Defending Company there was a low output after 11 days.

*It has been pointed out previously that one of the many possible .easons that the psychological tests

did not show any strees effects is this question of recovery time, Recovery may be so rapid in the areas
tested or the subject may be able to recover momentarily and successfully complete th teast.
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111p nit-rogen picfiiirr in AV! t\fj ows te Aita'2hhw, Coiiwauvy r t~ul-iavg
to normal within 5 days of leaving combat. Tlie Defendlng Company was in the
norrmal range iollowing combat and remained there.

The 17 KS data plotted in Fig. A13 show that the Attacking Company re-
covered after 5 days out of combat, whereas the mean 17 YS excretion of the
Defending Company was still approximately 22 percent less than the normal
value 11 days after combat.

+50

Eoslnophils, 2 35/cu mm

4 Ul

o1 -50

-I I0 I

0

o ,Lymphocytes, 2900/cu nm

K X

-50 I, '

0 LTotal whit. bloo cell count, S82S/cu min
0

_S I . . .- t!

0 5 10 15- U 25

TIME ELAPSED FOLLOWING REMOVAL, FROM COMBAT, DAYS

- Attacking Co - - Deftiding Ca

Fig. A15--ean Blood Counts for Poststress Measures

Briefly, it appears as though the electrolyte, nitrogen, and 17 KS in the
Attacking Company returned to normal levels a few days after combat. The
blood counts approached within 30 percent of normal levels. On the other hand
the Defending Company, after Hi days out of combat, was still low on 17 KS and
blood count and above normal (10 percent) on Na/K and below normal on chlo-
ride. The nitrogen data fell within normal limits following combat and remained
there in the Defending Company. It can be concluded that recovery from expo-
sure to combat requires at least several days, rather than hours, and recovery
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from hyperadrenocortival acdivity is more rapid than recovery front hypoad-
renocortical activity. From inspection of the data, assuming a nearly linear
relation between time and increments of physiological change, limits can be
pheced on the length of the recovery time. The Attacking Company rcovercd
in not IlcS than 4 days and not more than 8 days. The Defending Company re-
covered in not less than 11 or wore than 16 days.
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- Attacking Co - ý. Defending Co

Fig A16-Mean Electrolyte Balance for Poststress Measures

Problems of Measurement

On the basis of results obtained in this study, suggestions and recommen-
dations for a battery of tests for a future field study of this type can be made.
Detailed description of laboratory analysis and techniques for administration
of the specific measures employed in this study are given in ORO-T-41(FEC).

Blood Measurements. No difficulty was encountered in taking blood sam-
ples although extra sterilization precautions had to be observed because of pos-
sible hepatitis infection. Modifications of laboratory techniques were made to
facilitate field use; these are described in detail in ORO-T-41(FEC). In gen-
eral the results wore consistent with reports of other stress research; how-
ever, the team felt that of the two, blood or urine samples, urine was the more
practical and yielded just as valuable results. A blood sample must be imme-
diately centrifuged and the plasma drawn off prior to analysis for sodium, potas-
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Fig. A17--Mean N*itrogen Excretion for Poststress Measures
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Fig. An8-17 KS Poststress Measures
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shum and chloride, whercas with urine, analysis can begin at once. Predeizva-
tive techniques phis the necessity of going into a MeW L g-1et a sufficiently large
sample (10 to. 120 -- ; make"" ,hV,, A nii•4,,' ,i" samples more djffinlt..

Hematology_ Differential blood counts were performed without difficulty.
Diurnal variation in eosinophil counts makes it iiecessary to have repeated and
controlled observations on the same subjects. In the analysis of this data cer-
taut subjects Wait blooud count out of the normn1 range were dropped. This
was done on the basis of previous clinical data which have established that ex-
tremely high counts indicate pathological conditions, e.g., hay fever.

Hematocrit Value. Determining hematocrit values in the field is relatively
easy. The hematocrit values were normal for the stressed groups; i.e., there
was no detectable change as a result of combat stress.

Blood Volume, The measurement of blood volume used in this study in-
volved a complicated procedure for preparing the radioactively tagged cells,
injecting them into the subjects, withdrawing a blood sample, and then meas-
uring their distribution in the sample. This procedure occupied the full time
of one team membcr. Blood volume was highly variable in the controls, and
the stressed groups showed no change in blood volume after combat. For this
study the measurement of blood volume was helpful in verification of other data.

Plasma Chloride, Sodium and Potassium. The stressed groups showed
no change in plasma chloride following combat. There was a breakdown in the
blood cells which affected the potassium values. Any value of potassium higher
than 6.5 meq/L was unreasonable and was eliminated as an error of collection.
It is difficult to obtain and prepare the sample for the study of blood electrolytes,
and the fact that the blood constituents are fairly constant means that highly ac-
curate analytical methods are necessary to detect changes. Therefore plasma
electrolyte data were not used to assess the effect of combat stress on the groups.

Plasma Carbon Dioxide. The method used was satisfactory but time con-
suming. There was a slight lowering of CO2 in the plasma prior to combat;
however, the results showed no effect of combat.

Plasma Total Cholesterol. The method used proved satisfactory for field
conditions. It is necessary to measure cholesterol within 24 hours after col-
lecting the sample, for otherwise the cholesterol level will fall appreciably.
As pointed out earlier, reliable data were obtained; however, complete know-
ledge as to the meaning of the data must await further experimentation.

Blood Sugar. Blood sugar showed no specific changes as a result of
combat. Again, although the technique was satisfactory in the field situation,
this measure was not sensitive to stress.

Blood Urea. The mleasure of blood urea may be used to verM't the urine
nitrogen values. The blood urea values confirmed the nitrogen catabolism in
the Attacking Company.

teMecholy est. Mecholyl was used as a possible means of measuring
the reactivity of the autonomic nervous system, ospecially those portions con-
cerned with vascular and cardiac adjustments. Mecholyl chloride was injected
and blood pressure and heart-rate measures taken before, during, and after
injection. The curves were reproducible in control subjects and did show
effects of stress in the Defending Company. Although no laboratory analysis
is required the test is not practical because of the discomfort to the subjects
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and the necessity for hie 8nbject to be biactive for a period of aixtut 30 ruin
utes. It is recormended that in acute stress a simple measure of the blood
pressure on the resting subject mr.ey be as useful an index of autonomic tonus
athe more elaborate Mdec holyl tcn. Elood pressure could P.e o. ' 1.ain o.
more subjects than the Mecholyl test and would not involve either the discom-
fort or the long period of inactivity.

Saliva Measurement. Conceivably, obtaining samples of saliva and ex-
amining the samples for various excretory products would be onp nf th ensti-
est ways to evaluate the effects of stress. The means of collection, however,
gives rise to many variables which can contaminate the saliva-food in the
teeth, amount of saliva, etc. In this study saliva was analyzed for sodium and
potassium content. Neither was found to be a reliable index in the Control
Group subjects. Further experimentation with this technique may prove that
it is simpler than eitber urine or blood.

Urine Measurement. Perhaps the most satisfactory sampling from the
standpoint of practicality, simplicity, and ease of pitservation was urine.
The subject was asked to void, and then during the test period, 2 to 3 hour,
or overnight In the case of ACTH testing, to collect all urine in a bottle. The
subjects were very cooperative and collection times were considered fairly
accurate.

Urinary Chloride. Urine volume changes are reflected in urinary chloride.
If water is taken then total chloride increases, distorting the picture; therefore
the Na/K ratio is preferred. Chloride excretion is very similar to sodium and
although urinary total chloride determination is a relatively simple method,
there should be either a reliable collection time or creatinine values. Because
it is supplementary to the Na/K ratio (see below), it is not felt that this meaz-
ure is necessary.

Urinary Sodium and Potassium. One of the most satisfactory measures
made by the team was the Na/K ratio. Using a flame photometer, sodium and
potassium values for urine can be determined without the necessity of accurate
collection times or care in restricting water intake. The fact that sodium and
potassium values are expressed as a ratio makes it unnecessary to take into
account large variations in absolute levels.

Urine Nitrogen. Urine urea, uric acid, and creatinine reflect nitrogen
metabolism. Creatinine excretion has been considered to be fairly constant,
and therefore urine constituents are normally expressed in relation to milli-
grams of creatinine per 100 cc of urine, rather than milligrams per hour,
which depends on accurate knowledge of collection times. The mean output
of creatinine has been observed to increase with stress; 30 such was the case
in this study, and as a resullt the itrogen auid ulher urine data, which were
originally expressed in terms of creatinine, were reanalyzed and expressed
in terms of milligrams per hour. This was done after the specific gravity and
other values had been examined to ascertain whether the collection times were
sufficiently accurate.

Urine Glucose. In general, laboratory studies have shown an increase in
urine glucose following stress, ACTH, etc. Although changes were observed
under stress in this study the results for urinary sugar are not clear-cut and
interpretation is difficult at this time. Since carbohydrate metabolism is very
important for the organism during a period of stress this measure may take
on added importance as additional research is accomplished.
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17 Ket~inste•coids. The method of extracting he Ow inm samples to d-y uess
in Korea and shipping these to the United States for complete analysis proved
entirely satisfactory. Although the expense involved in 17 KS determination is
considerable in comparison with other analyses, the inforrmation supplied justi-
fied the expenditure. If in future work it were desired to study large numbers
of subjects it would be more practical, from the point of view of cost and effort
expenditure, to make L7 KS determinations on only a sample ui the Lu~al gruup.

P.S. Chromogejns. The method of preparing the samples in Korea and
shipping them to the United States for analysis proved feasible for this meas-
ure also. The Porter-Silber data are scattered because only a portion of the
total samples extracted were analyzable. In all probability this scatier is due
to the high blank, which makes readings impossible, and to other defects .n
the particular method used, as well as to possible technical srrors in prepa-
ration for analysis. At present there is a method described by Glenn and
Nelson3 ' which does not have this difficulty of analysis, and the high blanks
have been obviated. Although these determinationa are valuable in assessing
the hormonal reserve and excretion of the adrenal cortex, the expenditure of
cost and effort should be a consideration in subsequent work.

AC-TR Test. The injection of 2.0 ml ACTH in gel intramubcularly was
accomplished without any difficulty for the subjects. Since ACTH does have
some generalized effects, caution must be observed in its administration.
The effect on steroid output, electrolytes, and carbohydrate and nitrogen
metabolism in the urine was measured, and the above comments on analysis
of these measures without ACTH apply. In general the method was satisfactory
and contributed valuable data to the interpretation of the adrenal-pituitary func-
tion under stress.
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Annex i

ADDITIONAL RAW DATA

These tables provide raw data supplementary to those found in ORO-T-41
(FEC).

TABLE A41

17 KS AND P.S. CHROMOGEN MEASUREMENTS

Part A. Control Group

SP.S. chromogens,

Subjects1 g mg/hr

A A

A5075 0.28 - -

C5107 0.68 -..

119329 0.55 - -

after ACT1I r "7 - -

118421 0.42 - -

after ACTH 0.46 1.5 -
113136 0.72 - 0.32

after AUTI! 0.68 0.92 -
K3195 0.51 - -

M3285 1.34 - -
M7371 0.59 - 0.27

after ACT)! 0.74 - -
S6941 0.52 - -

W4130 0.63 - 0.43
after ACTHi 0.28 - -

W9893 0.72 .
-7018 6.89 0.28 -

after ACTI! 0.41 0.64 -

119350 0.44 --
R7M7 0.58 - -

C9358 0.59 - -
C6378 0.72 - -
F0536 0.57 - -
G2474 O.P". - -
G6497 '..32 - -
K4360 0.49 - -

M5261 0.70 -
07035 0.54 -

S 1495 0.65 0.2.5
after ACTH 0.23 - -

W1009 0.64 --

after ACTHI 0.28 - -
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TABLE. A41 (continued)

Pa,rt 1. Attacking Company

17 KS, mg/hr P.S. chromogens, mg/hr

A8537 0.74 - - - 0.33 -... .

CI 136 1.05 1.04 0.37 0.59 - 0.32 - -

(:5898 0.78 - - - 0.29 - -

E,3006 0.88 .-.... ..

6576Il8  0.61 0- - - .27 - - -

P1061a 0.81 - - - - - -

Schowd 1.03 0.51 - - 0.05 - -

S1itha ).76 ...- -.

Y ?171 0.49 ........
A-4492 0.39 ..- - -.

B7531 0d.M 0.39 0.65 - - - 0.67
117321 0.67 0.48 0.86 0.74 0.40 - 0.42 0.84

A45 .-70 - - - 0.7 -- -j4852a p.• -,. 0.57

X13290 0.43 .- - - ----

0t697 0.40 - - -

112423 0.13 - - -

112003 - - - - - - -

H4808 - 1.01 0.93 1.22 - 0.34 0.88 0.26

after ACTII - 1.75 0.79 - - 0.37 - 1.40

J0703 - - .- - ...

M7579 0.51
M 1604 0.37 - - - - - -

M0305 - 0.92 0.13 0.38 - 0.13 0.41 0.45
after ACTII - 0.39 0.51 - - 0.25 - 0.78

Moss 0.69 - - - - -

t\3173 0.40 - - - 0.14 - - -

A8630 - 0.46 0.52 0.85 .- -

111864 -- 0.66 0.59 0.98 - - - 0.72
111296 - 0.78 1.19 0.56 - - - 0.37
J42a, - 0.38 0.56 0.40 .- -

J8455 - 0.39 0.41 - -...

1.6)26 - 0.49 0.36 .- - -

M9987 - 0.42 0.51 0.67 - - 0.35 -

P,4I5 - 2.89 0.65 1.03 - 0.96 0.37 0.34

S7808 - 1.23 0.39 .- 0.38 --

54171 - 0.45 0.48 0.70 -- - 0.60 -

A 'I(;TJ1 0.59 0.75 -- - 0.50 - 0.9
S4917 - 2.68 0.59 0.55 -- 0.65 -

119985 - 0.51 0.33 - - O.B0 0.13
W0 211 - 0.39 .- - -

W2990 - 2.72 1.62 - - 2.30 0.85 -

W1083 -- 0.88 0.42 0.65 - 0.19 0.26 0.47

after ACTI1 -- 0.73 0.42 - - -- 0.74

"Subjects who were wounded.
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T'AMA-.' AAI (continued)

Part C. Defending (Cmpany

17 KS, mag/hi 7 P.S. ch'onuogens,
SubjectsI. mg/hr

B r

F'8576 - 0.63 - 1.1
after ACTII 0.42 0.77 - -

15392 0.37 0.42 0.30
114168 0.40 0.67 --
J4476 0.61 0.58 0.24 -

L0624 0.69 0.59 0.82 1.0
M2890 0.36 0.39 --

08834 0.07 --

P4431 0.55 0.45 -

P0411 0.33 0.41 0.29 -

R0371 0.45 0.46 - 0.92
after ACTII 0.26 0.48 - 1.12

S4749 0.52 0.40 0.45 0.29
after ACTt 0.33 0.51 0.39 1.20

T1483 0.32 0.59 0.08 0.29

after ACTH 0.16 0.69 0,024 1.71
W7605 0.07 0.59 0.02 0.56

after ACTIl 0.16 0.61 0.16 0.83

Part D. Psychiatric Casualties"
S17 KS, mg/hr P.S. chromogen i, mg/hr

Sbj ertsSt, bet1st ] 2d ist 2d

measurement measurement measurement measurement

W4352 0.38 0.48 - 0.33
after ACTIH 0.61 0.50 0.52 4.40

P4360 0.25 - 0.37 0.144
after ACTI, 3.40

S7571 0.48 1.18 - 0.14

after ACTII 0.47 - - -
G0442 0.61 - - -

after ACTII 1.09 -

PsI.O ,r ; .... st.rn1i ,takcn).

a Fhis group appeared as Group VII in ORO-T-41 (FEC). The data are

presented here since they are additional to that in ORQ-T-41 (FEC) but no
analyses-or interpretation has been made in this memorandum. ORO-T-41 (FEC)
should be referred to for a deor iption d the cases and the exact times for
firs', and second measurement.
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TAbiw A 42

SOD1Wi[ AND POTASSIUM MEASIIIhS IN IIHINE, SALIVA, AND PLASMA

(meq/1)

Part A. Control Group

Urine _ Saliva _ Plasma

SSdjei•;Sndium PntasiSium Sodium Potassium Sodium Potassium

A A N A A A'

A5075 87.7 68.4 29.5 46.6 41.0 13.40 21.8 22.0 144 134.5 4.4 4.4
C5107 152.8 232.0 51.6 65.4 22.5 9.0 23.6 21.5 142 135.4 4.5 4.6
119329 227.5 -- 64.1 - 39.8 - 20.9 - 146 - 4.2 -

after ACTH 102.4 - 78.8 - - - - - - - - -

H8421 230.3 164.2 79.3 52.6 29.0 10.5 28.2 23.2 145 137.6 4.2 3.9
after ACTHl 84.8 45.7 108.2 50.0 - - - - - - -

H3136 254.8 232.0 68.0 53.8 39.8 18.8 19.5 19.7 149 159.0 4.6 3.4
after ACTH 93.5 71.7 114.8 44.2 - - - - - - - -

K3195 162.1 - 49.0 - 33.6 - 17.6 - 142 - 4.3 --
M3285 282.7 277.2 100.0 67.6 41.0 12.7 17.9 17.1 152 136.8 4.2 3.6
M7311 172.4 171.1 61.6 80.4 46.6 11.2 22.8 25.6 143 138.6 4.9 5.1

after ACTH 134.8 70.7 71.2 466 - - - - - - - -

S6942 125.0 156.0 33.3 59.0 29.0 14.8 21.7 22.8 146 136.7 4.4 3.6
W4130 250.0 199.9 97.5 73.4 25.8 10.1 22.6 27.1 146 138.5 4.6 4.6

after ACTIH 121.7 159.3 81.7 122.4 - - - - - - -

W9893 224.1 - 62.8 - 28.0 - 22.6 - 139 - 4.5 -

WV7018 198.8 210.8 53.0 75.3 12.2 4.8 19.6 19.2 142 140.1 3.9 3.4
after ACTIl 42.4 - 54.1 - - - - - - - - -

B9350 89.2 43.5 39.8 27.6 25.2 7.6 20.2 21.5 150 136.8 4.2 3.9
B8737 234.6 128.4 73.7 29.9 10.0 11.6 22.5 24.6 146 146.0 4.3 7.0
C9358 227.2 84.9 84.6 33.6 36.0 21.5 18.6 16.5 144 133.1 4.2 3.1
C6378 258.5 248.3 105.7 69.6 21.6 12.7 28.4 24.5 144.1 144.0 7.2 4.0
F0536 243.2 200.3 99.6 88.1 16.6 4.0 19.4 29.1 145 139.4 4.1 3.7
G2474 182.5 - 42.7 - 9.2 - 18.6 - 143.7 - 3.7 -

G6497 234.8 - 51.3 - 17.0 - 19.1 - 146.0 - 2.9 -
K4350 172.4 - 53.4 - 6.2 - 23.0 - 142 - 3.9 -
M5261 159.8 219.8 42.3 83.2 42.5 21.5 20.8 23.2 138.3 141.3 2.6 3.7
fl7nn-1 1D0.fA 160 .9. 60.9 R1 9. 10.Q 9N,.q 9.1,8 l.47.-S A3'.1 , R q.7
S 1495 164.1 77.1 59.9 25.6 37.4 13.8 20.4 20.8 148 134.5 3.0 3.8
after ACTIH 34.8 50.0 35.0 32.3 -- - - - - - -- -

W1009 171.0 89.8 97.4 53.8 7.4 10.9 20.8 33.3 138 143.9 5.2 5.3
after ACTH 104.7 84.0 77.2 87.9 - - -- - - - -
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l'ATITYE A 42 (uontinned)

Part 11. Attauking Company (Snliva Me.asure Vxehluded for Thik, Group)

suhjec Sodium .ri "d'o -, i Pm Potassium

A 11 HT-7 1) --L~a c A I'l

A8537 128 -- 06 -- --- 125.3 - - - 3.7 ----
(24136 185 67 220 244.9 10. 49 37 59.4 139 150 139 142.5 6.6 3.5 3.4 4.6
C5898 189 --- - 99 - - - 136 - - - 9.6 ---
E3096 179 - - - 102 --- - 137 - - -. 7.7 -
G5761 8  175 - - 99 -- 124 136 - - 7.2 4.3

P1I061a 156 - - 77 - - -- 146 153.7 - - 9.8 4.2
Schowa 98 108 - )10 145 - -- 138 151.3 -- 6.4 5.2
Smitha 198 - - 94 - - - 146.5 - - - 4.8
S5171 171 - - 46 -- - 131 -. . . 6.5 - - -
A4492 215 - - 72 - - 154.7 - - - 6.9 - - -
117531 156 117 217 160.2 107 50 68 99.3 143 132 156 139.4 6.6 3.5 4.0 5.2
117321 161 90 205 177.2 93 62 54 112.2 145.6 148 137 166.0 10.6 4.0 3.7 4.1
J 1852" 185 - - - - 50 - - 132 153.5 - - 7.0 5.3 --
M3290 1A6- - - 54 -- 163.5 - - - 10.6 - - -
04697 166 -- 108 - - - - - - - -

112423 208 - 61 - - - - - - - -

82003 168 - - 57 - - 133.7 - - - 8.7 - - -
114808 121 89 302 227.2 '2 63 62 57.9 147 163.7 145 159.2 6.9 7.7 3.9 5.8

after
ACT II - 24 122 92.4 - 65 74 83.0 - - -- - - - - -

J 0703 138 - - - 100 - - - - - - - - - - -

M7579 8as - - 96 -- - 140 - - - 7.1 ---
M1604 176 - - 109 - - 134 - - - 6.2
M0305 202 i11 170 217.4 83 54 59 60.3 140.7 143 142 163.5 8.1 3.9 4.0 6.0

after
ACT1l - 65 71 168.1 - 44 34 88.1 - - - .- - - -

Moss 120 - 99 - - -- 141.2 - - 10.1 - - -
W3173 185 - - - 100 - - - - - - - - - -
A8639 - 226 200 231.3 - 261 95 56.7 -- 139 143.5 167.2 - 4.1 4.5 4.5
111864 - 17 131 126.8 - 38 36 38.5 - 167.0 142 139.5 - 3.5 4.4 3.2
111296 - 42 117 172.7 - 8 68 57.9 150.9 140 158.5 - 6.1 4.0 2.8
J4426 -- 183 199 269.9 - 51 45 35.9 - 150 139 146.0 - 3.6 4.1 4.5
J8455 - 172 278 - - 50 58 - - 140 129 - - 3.9 5.0 -

Lb206 64 278 - - 19 50 - 134.8 146 - - 8.2 3.7 -
M9987 - 213 214 249.2 - 92 68 62.8 - 142.1 140 159.6 - 4.5 4.5 7.8
P4185 - 76 105 134.7 - 63 36 35.5 - 147 140.7 143.9 - 3.5 4.5 4.6
S7808 - 58 176 - - 51 78-- -33 141 -- - 3.4 3.7 -
S4171 - 153 195 170.2 - 58 69 60.3 - 136 143 148.0 - 3.7 3.7 6.2

after
ACTIt - 62 99 189.1 - 90 139 104.5 - - - - -- - -

S4917 - 78 147 80.4 - 68 11] 99.6 - 135 138 165.5 - 3.8 3.8 2.4
T9985 -- 3B 213 254.3 - 54 44 47.7 -- 138 138 137.3 .- 2.8 4.1 3.7
W0218 -. 40 179 276.2 - 51 73 88.1 - 143.9 145 137.2 - 5.0 3.9 5.3
W2990 - 47 180 260.4 - 84 62 41.9 -- R.l8 150 135.9 - 4.0 7.1 2.9
W1083 - 53 175 227.9 - 54 38 50.4 - 155 136 151.7 - 3.6 7.2 4.6

after
ACTH - 4 170 177.6 - 59 86 95.6 - - - - - --

aSubjects who were wounded.



"AiMI.F A42 (continued)

Part C. D)efending Company

I - - - Saliva Plasma

Subjectiq Sodium I otwss i uni soulum) I')Olasbium Sovdium Pot ass iumn

B~J ~ h C 140 C13 1.6C B
F8576 163 360.4 53 43.0 10.9 - 17.0 140 142.6 4.3 6.8

tfter A]'TII 135 134.8 78 56.2 - - - - - -
115392 107 5. 63 70.2 - 14.7 - 21.5 133 139.0 4.7 3.7
114S68 391 195.5 72 62.4 21.4 14.9 19.2 19.0 146.5 134.0 6.5 4.6
J4476 351 206.1 47 51.6 9.6 10.9 22.7 20.8 146 154.2 4.3 6.1
[0624 231 197.8 31 73.1 7.3 11.2 19.8 21.8 139.7 151.2 8.8 6.9
M2880 189 224.0 49 91.1 40.0 38.6 12.8 19.1 162 166.6 3.4 6.8
08834 159 - 21 - 10.5 - 10.7 - 140.2 - 4.7 -

P4431 96 218.8 71 59.4 10.7 10.9 22.3 22.9 132 141.3 5.3 4.3
P0411 109 143.4 16 41.0 23.2 26.8 16.8 21.8 143.7 150.8 4.2 4.0
110371 143 191.1 43 75.6 10.7 24.2 17.6 16.8 148 137.6 3.9 3.3

after ACTIl 41 80.4 32 114.8 - - - - - - - -

S4749 180 191.3 S' 53.8 15.5 13.8 17.1 16.7 141.2 162.3 4.2 7.9
after ACTli 57 97.9 t2 70.2 -- - - - -- -

11483 207 77.1 25 24.1 6.4 10.9 18.6 21.5 150 145.7 4.4 4.7
after ACTl! 89 70.7 44 110.5 - -. - - - - - -

WV7805 113 75.3 16 29.5 5.9 6.9 22.7 22.9 139.0 166.7 3.7 4.6
after ACTIl 51 61.4 30 67.9 - - - - - - - -

Part ). Psychiatric Casualties

Urine Plasma

Subjects Sodium Potassium Sodium Pota-sium

lt men. 2d mneas st meas 2d meas 1st Dieas 2d neas lst meas 2d meas

W4352 96 208 98 117 141 141 4.3a 6.9a

after ACTI! - 40 - 62 - - - -

P4360 -- 147 - 151 137 131 4.4a 6.7a
after ACT1! 57 22 123 89 -...
S 7571 14 .... .. 159 3.9 3.4
after ACTII 118 - 170 - - -

G0442 139 - 68 147 - 3.7 --

after ACT]! 123 - 122 - - -

P5803 - - - 147 - 3.2 --

a Tlese data are questionable because of he,,olysis.
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TABL1: A43

NEUTIIOPHIL D)IFFERIENTIAL
(Wercent of totu.i iC count),

Part A. Attacking Company

... .measure ) measure

Subject Nlyelo- Tue. an Sg-4Schtilling \Iyelo- J v-Hn Seg- Schilling

cyte nilel m.ente d index cyte ile I mented index

B7531 5 1Z5 15.0 20.5 1.59/1 -. . . .

C4136 5.5 9 5.9 10.5 2.29/1 0 1.0 19.5 34.5 1/1.68

117321 10 13 14.5 18 2.08/1 0 0.5 14.5 51.0 1/3.40

114808 15 14 15.5 11.5 3.A7/1 0 1.5 24.5 46.5 1/1.79

M0305 12 14 12.5 14 2.75/1 0 .;.0 23.5 42.0 1/1.58

A8639 8.5 16.5 18.5 22 1.98/1 0 0.5 24.0 43.5 1/1.78

111864 16.5 14 3.5 13.5 2.52/1 - - - - -

111296 10 9.5 7.5 20 1.35/1 0 3.5 25.0 26.5 1/.93
J4226 6 7.5 12.5 15 1.73'1 0 0 12.5 33.5 1/2.68
J 84-V5 8.5 17.0 20.0 14.0 3.84/1 - - - -

1.6206 7.5 12 23.5 7.5 5.74/1 - - - - -

M9987 4.5 7 8.5 13 1.54/1 0 1.0 17.5 30.5 1/1.65
P4185 2 7 13 15.5 1.42/1 0 0.5 14.0 '46.0 1/3.17

57808 3 28.5 17 6.5 7.5/1 - - - -

S4171 6 IQ.5 17.5 5.5 7.8/1 0 1.0 18.5 45.5 1/2433

54917 3M0 11.0 22.0 16.0 2.25/1 0 0.5 12.5 36.0 1/2.77

T099-85 5.5 11.5 21 7.5 5.04/1 - - - -

W0218 5 11 15.5 14.5 2.17/1 - - - -

W1083 8 12 16.5 10 3.65/1 0 0.5 24.5 41.5 1/1.66

Part It. Defending Company

B measure

Subject Myelocyte Juvenile Band Segmented Schilling Index

F8576 5.5 7 14.5 13.5 2/1
115392 2.5 11.5 26.0 17.5 2.29/1
114,368 3.0 9 13.5 28.5 0.89/1
J4476 2.0 7.5 10.5 13.5 1.48/1

L0624 2.0 7.5 25.5 29.5 1.19/1
\12880 3.0 7.5 30.0 16.0 2.53/1
08834 6.5 12.5 230 24.0

P4431 8.0 6.0 21.0 34.0 1.03/1
P0411 1.5 3.0 26.0 23.0 1.33/1
R0371 3.5 5.5 33.0 14.5 2.90/1

$4749 1.0 4.5 25.5 17.5 1.78/1
'111483 3.0 6.0 23.0 14.0 2.29/1

'7805 3.0 9.5 20.0 20.0 1.63/1
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Part C. Control Group (Ft Knox)

Subjeetsa Seginentedh Band Schilling Index

Wright 47 15 1/3.1
Bright 38 12.8 1/3.0
Price 59.5 5 1/11.9
Musser 43 9.7 1/4.4
Madigan 32.5 13.2 1/2.4
Lehmann 52.5 8 1/6.6
flarp 46.5 12 1/3.9
Anderson 60.5 7 1/8.7
House 40.5 2.7 1/14.5
Loizos 34.7 IC 1/3.5
Barnett 39 5.7 1/6.7
Smith 46.8 11.5 1/4.1
Holbrook 38 12.5 1/3.0
Smouse 45.3 7.7 1/5.9
Alexey 52.7 6.3 1/8.4
Carswell 42.5 10.2 1/4.1
Walmer 46.7 12 1/3.9
Gandey 45.7 3.8 1/12.4

'Subjects tested at Ft Knox, 11 March 195?.
bMyelocyte and Juvenile cells were absent.

ORO-T-295 87



Appendix B

PSYCHOLOGICAL MEASUREMENT

CONTENTS

Page

1 NTRODUCTION 91

MEASUREMENT RESULTS 92
IbIitER MENTAL FUNCTION -SENSORY-CORTICAL SENSITIVITY -SUMMARY

TABLES
B1. ARMY CLASSIFICATION BAPrERY, APTITUDE -AREA I 93
132. CORRELATION OF APTITUDE AREA I SCORES WITH PSYCHOLOGICAL

TESTS ON CONTROL DATA 93
B3. CORRELATION OF APTITUDE AREA I SCORES WITH DIFFERENCE

SCORES OF PSYCHOLOGICAL TESTS 94
134. PSYCHOLOGICAL TEST SCORES-MEAN OF DISTRIBUTION OF DIFFERENCES 94
B35. M|EANS OF PSYCHOLOGICAL TEst SCORES ON FIRST ADMINISTRATION 95
136. CORRELATION OF DIGIT SYMBOL TEST WITH PSYCHOLOGICAL MEASURES

AND RATINGS 96
137. COMPARISON OF GRO-UP MEA.NS ON VFF AND AFF, ATTACKING COMPANY 97
131. COMPARISON OF GROUP MEANS ON VFF AND AFF, DEFENDING COMPANY 97
B9. CAMPARISON OF AFF MEANS or MEN PARTICIPATING IN TANK MANEUVERS,

Fr KNOX, 1953 99

ORO-T-295 89



INTRODUCTION

If drastic physiological changes are observed then psychological changes
are expected; if there are changes in neural function, metabolic activity, and
adrenal hormone secretion, then such phenomena as reduced capacity to per-
form, feelings of tiredness, etc. are expected This area, the behavioral or
psychological changes, is particularly impu . to the study of stress from
a military view. It is important that measu it, be available to determine what
aspects of the soldier's behavior are affected by combat and to what extent they
are affected. Such a determination presumes that these behavioral changes are
evaluated with respect to combat effectiveness and to the job the rifleman must
perform.

Whereas physiological indices reduce to a minimum problems of motiva-
tion, interest, learning, and intelligence, and are readily quantifiable, some of
the techniques require elaborate analysis of the samples.

Reflnement of psychological techniques for simpler administration and
analysis, in order to reflect the behavioral status of the soldier, is highly de-
sirable. Currently, psychological indices of stress are few and conflicting;
consequently it was difficult to select a battery of existing tests to take into
combat which would evaluate the effects of battle on the behavior of soldiers.

Tests suggested at the ORO symposium in 1952 were considered,1 the
literature was searched,4 and informal conferences were held. In some in-
stances, laboratory and ZI field work lent credence to the selection of meas-
ures (e.g., visual flicker fusion); at the other extreme recent research sug-
gested new measures, which had never been applied to field studies but which
seemed particularly appropriate for this type of study (e.g., auditory flutter
fusion). The necessary gamble was recognized but it was hoped that future
research would help interpretation of the results. Some tests were eliminated
because of elaborateness of equipment; some because of learning and practice
effects involved (motor skill tasks). Others involved unrealistic time for ad-
ministration and inadequate quantification (projective techniques); while some
tests were dropped with the foreknowledge that adequate control conditions
would not be available (psychogalvanic response, muscle potentials). Other
measures, which do not give a generalized picture of the individual's condition,
or were liable to controversial results [e.g., electroencephalograph (EEG),
tremor, dynamometer] were considered but not included. Finally, detailed
analysis of comments by buddies and officers, or the individual's report of
how he acts and feels before, during, and after combat would have required
doubling the size of the research team. The battery of measures finally chosen
represented an attempt to assess the state of cortical sensitivity, and "higher
mental functioning." The tests are listed on the following pages.
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If the central nervous system is the first to be adversely affected by stre so,
the higher mental functions should show these detrimental effects.' Relatedwork
in the area of brain-damaged patients, and neurosurgical therapy lends sup-
port to this hypothesis." The most serious common alteration resulting from
damage to the frontal lobe is defective judgment.""8 ' L, general the stress of
combat probably impairs performance in such areas as timing, accuracy, and
patterning of response and also results in the breakdown of integration of func-
tions, memory for recent events, and loss of insight.3135)

MEASUREMENT RESULTS

_Higher Mental Function

A preliminary analysis of the results on the psychological tests revealed
no effect of stress on performance of the tests of "higher mental functions."
If anything, the mean of the scores made by subjects in the Attacking and De-
fending Companies immediately following combat (B) was slightly higher than
the means of the Control Group on first administration (A). In the Attacking
and Defending Companies the poststress (B) scores were lower than the scores
obtained on second administration several days later (C). There was a similar
increase, however, on second administration (A') in the Control Group, un-
doubtedly due to practice. Thus a higher score upon recovery than immediately
following stress could very likely be due to the effects of practice.

Practice effects were anticipated and duplicate forms of the tests were
used whenever possible. Even so there appeared to be a consistent gain on
second administration, although Form I of parts of the Wechsler-Bellevue In-
telligence Scale was always administered first.:" The Control Group was given
the tests as an additional precaution.

Of four of the most promising tests, additional statistical analysis was
performed in an attempt to define some of the problems involved in the gen-
erally negative psychological results.* The four tests were Digit Symbol,
Similarities and Digit Span (all parts of the Wechsler-Bellevue Intelligence
Scale), and the Identical Forms test. A description of these tests may be
found in ORO-T-41 (FEC).

Since several parts of the Wechsler-Bellevue and other intelligence meas-
ures were used, the question may be asked-do the levels )f intelligence result
in a differential response to stress? The only available estimate of the sub-
ject's intelligence was Aptitude Area I of the Army Classification Battery. This
score is a composite of scores on the Reading and Vocabulary, Arithmetic Pea-
soni-ng, and Patterrn Analysis Tests.

As shown in Table B1, the Attacking Company has a significantly higher
mean Aptitude Area I (AAI) score than the Control Group. There Is no signifi-
cant difference between Attacking and Defending Companies or between the
Defending Company and the Control Group.

* The complete battery of tests used in Korea to assess the effect of combat stress on bhigher mental
functions' comprised: Identical Forms, Cattel Culture Free, Shipley-Hartford utitute of Living Scale,
Gottschaldt Figures, Stroop Ratio, Time Estimation, Card Sort, and parts of the Wectaler-Bellevue Intelli.
gence Scale (Dtgit Symbol, Digit Span, and Similarities). Because of the requirements of the field situa-
tion not all the tests were administered according to the standards set by the authors. Details of the test
administration are given in O1O-T-41(FEC).
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As shown in Table B2 there is a coiini.stent positive correla+ton, though
not always significant, of psychological tewt scores with Aptitude Area 1. In
the Control Group the Digit Symbol, Identical Forms, and Digit Span tests show
significant correlations with Aptitude Area I scores whereas the Similarities
test does not. For the control measures (C) on the stress groups there is some
apparent relation, though not as marked. With such small samples and with
some nonsignificant correlations it is difficult to establish the relation. The
relation shown between the psychological test scores and the Aptitude Area I
intelligence estimate of the subjects might be expected.

TABLE B1

ARMY CLASSIFICATION BATTERY, APTITUDE AREA I

%lean
Means compared diff. t df. P

Attacking Co (92., vsI Defending Co (85.1) 7.0 1.0O8 45 NS
Attacking Co (92.1) vs Control Grp (81.3) 10.8 2.12 56. <.05
Defending Co (85.1) vs Control Grp (81.3) 3.8 0.54 31 NS

TABLE B2

CORRELATION OF APTITUDE AIFA I SCORES
IXITII PSYCHOLOGICAL TESTS ON CONTRIOL DATA

Digit Symbol Similarities Identical Forms Digit Span

Groups Ii lho ilho t1ho T Rho --
N I with IP 8  N with P8  N with Pa N with P

AMAL AAI AAI

Control Grp A 22 .69 .01 22 .37 NS 22 .55 .01 22 .54 .01
Attacking Co C 11 .40 NS 10 .92 .01 11 .37 NS 11 .53 .05
Defending Co C 11 .64 .05 11 .29 NS 11 .81 .01 11 .09 NS

aSignificance based on conversion of rho to r (J. P. Guilford, Psychometric Mlethods, Table 63,
p 341, XicGraw-llill Book Co, Inc., New York, 1936) and entrance of df. and r (ibid., Table K, p 548.)

The problem to be examined, however, is whether there is a differential
effect of stress (as measured by the test battery) as a function of intelligence
(as measured by Aptitude Area I scores). If there is a differential effect it is
expected that there would be a greater or lesser suppression of the test scores
at the stress measurement, depending on the intelligence level. Thus there
would be an expected greater difference between the stress test and the recov-
ery test score.

Table B3 prescnts the results of correlating the difference between scores
on first and second administration of the four tests selected with the Aptitude
Area I scores. The tests were administered to the Control Group twice, 11 days
apart; these soldiers were in regimental reserve. The stress groups (the At-
tacking and Defending Companies) first took the tests some 7 to 17 hours after
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leaving active combat. The second administration came 5 and 11 days after
combat for Attacking and Defending Compa.nies, respectively. It can be seei
that there is no apparent significant relation between Aptitude Area I scores
and the difference In test scores for the Attacking and Defending Companies,
indicating that stress did not affect intelligence levels differently.

TABLE B3

COBRELATION OF APTITUDE -A-EA I SCORES
WITH DIFFERENCE SCDRES OF PSYCHOLOGICAL TESTS

(Second .Administration Minus First Administration)

Grus Digit Symbol Similarities Identical Frwrna Digit Span
NoRho with AAM N I Rho with A jho with AM N Rho with AAI

Control Grp 15 -. 36 15 .13 15 -- 06 15 .26
Attacking Co 11 r,.33 9 -. 04 1I -. 40 10 .15
Defending Co 11 .45 11 -. 30 1I .47 11 .36

TABLE B4

PSYCHOLOGICAL TEST SCOHES-MEAN OF DISTRIBUTION OF DIFFERENCESa

Identical Digit Symbol Digit Span Similarities
Group s o m 

- I
N Mean N Mean N Mean NI Mean

Control Grp N-A 16 3.8 16 1.19 18 -. 11 18 .78
Attacking Co C-13 11 3.0 11 10.10 10 -. 80 9 .44
Defending Co C-B 12 3.2 12 5.00 12 1.08 12 -. 75

'Each individual's score on the first administration of the test was subtracted from his score
on the second administration, and the mean of these differences was computed for the group.

Welford et al." describe an effect where the score of first and second
administration of a test is a function of the subject's condition when the test
is first taken. Following this it would be expected that the Control Group
might show a gain on the second administration since the subjects were "fresh"
when they first encountered their task, and any normal practice on learning
effects should have appeared on the second administration. On the other hand
the stress groups first encountered the tests followhig combat, and according
to Welford et al. this would affect the second administration so that little or
no gain would be shown.

From Table B4 it is clear that no such pattern resulted. The Control
Group does show a higher mean gain on the Identical Forms and Similiaritien
tests, but it is very small and not significant. The two other tests, Digit
Symbol and Digit Span, in general present the opposite picture, in that the
mean gain is higher for the stress groups. The Attacking Company mean
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gain on Digit Symbol is significantly higher than the mean gain of the Control
Group (t = 3.58, P = .01) or the Defending Company (t = 2.71, P = .02). The
mean gain of the Defending Company on Digit Span is significantly b'gher than
that of the Attacking Company (t = 2.52, P = .02).

It migiat seem from Table B'j Thvt the scores on the first administration
of the tests to the stress groups were depressed for some reason. Yet if this
were true the means in Table B5 for the stress groups' first administration
should be lowver than that of the control groups. The converse is true, for the
means are higher in Defending ard Attacking Companies, in two instances
significantly [Attacking Company means are significantly higher on Identical
Forms (t = 2.13, P = .05) and Digit Span (t = 2.23, P = .05)].

TABLE b-

MEANS OF PSYCHOLOGICAL TEST SCOPES ON FIRST ADMINISTRATION

I dentia Digit Symbol Digit Span Similarities

N N Mea N IMe. N Mean

Control Grp 24 11.4 24 34.8 24 9.79 24 10.3
Attacking Co 12 14.1 12 36.7 10 11.40 10 10.0
Defending Co 13 12.2 13 37.1 13 10.10 13 11.8

These results are confounded by the fact that Attacking and Defending
Companies had a higher intelligence level than the Control Group (see Table
B1) and ther 1s some cnrrelation of the tests with intelligence (see Table B2).
In addition the administrators felt that Attacking and Defending Companies
were better motivated to take the tests than the Control Group.

In spite of the fact that the psychological tests showed no effect of combat
stress, there still might have been some relation between these tests and the
physiological measures. Using the Digit Symbol test, correlations were run
between scores on this test and two of the physiological measures, as well as
change in these measures from stress to recovery. Correlations were also
run between estimates of combat performance (in the form of ratings by the
team psychiatrist and company officers) and the Digit Symbol test scores.

These results are presented in Table B6. There is a striking lack of
correlation between the test scores and any of the other measures.

The results of this analysis support the conclusions drawn in the earlier
report, ORO-T-41 (FEC), i.e., that these tests of higher mental functions failed
to demonstrate a significant change with stress and did not appear to be related
to the other measures. Subsequent work was done by the Adjutant General's
Office on psychological tests used in the stress situation of the paratroop
trainees' 34-foot jump tower. The Digit Symbol, Digit Span, and other mental
ability tests used generally showed no stress effects.4'

Sensory-Cortical Sensitivity

A description of the use of visual flicker fusion (VFF) and auditory flutter
fusion (AFF) as measures of sensory-cortical sensitivity were given in ORO-
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TABLE B6

CORRELATIONa OF DIGIT SYMBOI, TEST
WITH PHYSIOLOGICAL MEASURES AND RATINGS

Digit Symbol Test

Attacking Defending antrol
Co, Co, Group,

Physic- C score C sco.t N .core
logical Attacking minus Defending minus Control minus
measure Group Co, B B score Co, B B score Group, A A score

Urine Attacking Co, N - 12
N a/K 13 r - -. 03
ratios Attacking Co, N - 11

C minus B r -. 16

Defending Co, N - 13
B r =- -25

Defending Co, N - 12
C minus B r - -. 05

Control Grp, N - 24
A r - .13

Contol Grp, N -16
A' minus A r -. 16

17 KS, Attacking Co, N - 12
mq/hr B r = -. 10

Defending Co, N n 12
B r -. 01

Attacking Co, N - 11
C min-s B r - -. 39

Defending Co, N - 1I
C minus B r - .3a

Control Grp, N =24
A r -. 01

Company Psychiatrist's N = 12
ratings ratings r = .66

Attacking Co
Sergeant's N = 12
ratings, r = -. 01
Attacking Co

Psychiatrist's N = 12
ratings-, 0 r -f -. 02
Defending Co

Officer's N = 12
ratings, r --. 11
Defending Co

aSignificance based on conversion of rho to r (J. P. Guilford, Psychometric Methods, Table 63, p 341,
McGraiv-Hill Book CD, Inc., New York, 1936) and entrance of dAL an r (ibid., Table K, p 548). None of
the values are significant,
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panies were combined and treated as one group. Subsequently the two groups
have been found to respond differently on many of the measures; therefore, in
Tables B7 and B8 results on VFF and AFF are presented separately for these
companies.

TABLE 137

COMPARISON OF GROUP MEANS ON VFF AND AFP, ATTACKING COMPANY

Means compared Mlean diff. t df. P

VEF, cpm

Attacking Co 13 (2608) vs Attacking Co C (2839) 231 4.88 10 <.001
Attacking Co 13 (252) vs Attacking Co 1) (2825) 243 4.26 8 <.01
Attacking Co C (2820) vs Attacking Co D (2825) 5 -- - :NS

Atitcking Co i; (2608) v% Control Grp A" (2698) 90 1.38 33 NS
Atucking Co C (2839) vI Control Grp A' (2698) 141 2.31 33 <.05

AFF, cpa

Control Grp A (30.7) is A' (36.7 ) 6 2.54 17 <.05
Attacking Co B (27 ) vs Attacking Co C (33.36) 6.36 3.02 10 <.02
Attacking Co 13 (26.4) vs Attacking Co D (32 ) 5.6 1.95 9 NS
Attacking Co C (33.3) vs Attacking Cc, D (32 ) 1.3 - 9 NS

'No A' data were available on the Control Group owing to equipment failure.

TABLE B8

COMPARISON OF MEANS ON VFF AND AFF, DEFENDING COMPANY

Means compared Mean diff. t dL P

VFF, cpm

Defending Co B (2658) vs Defending Co C (2732) 74 1.07 11 NS
Defending Co B (2636) vs Control Grp A (2698) 62 0.90 35 NS
Defending Co C (2732) vs Control Grp A (2693) 34 0.53 34 NS

AFF, cps

Defending Co B (22.7) vs Defending Co C (29.4) 6.7 2.92 11 <.02
Defending Co B (22.7) vs Control Grp A (.30.7) 8.0 1.04 28 NS
C-1 Attacking Co(6.36) v;C-RDcfcndingCo (11.3-6) 0.56 - 21 NS

In general, the stressed groups show a lower mean fusion frequency on
both AFF and VFF a few hours following combat than on their measures sev-
eral days following combat. The Control Group likewise shows a significantly

* Visual flicker fusion refers to the point at which an interrupted white light is perceived as being
continuous. Auditory flutter fusion refers :3 the point at which an interrupted white noise is perceived
u, being continuous. These fusion points have been found to vary according to the condition of the sub-
ject in several experimental situations.
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men' Lailure, only one measure of VFF was available on the Control Group.
Thir .aeasure was not significantly different from the stressed groups' first
admi 1stration.

; would appear that the results on AFF and VFF could also be accounted
for b: practice or related effects. As reported in ORO-T-41 (FEC), the pre-
Limixiry analysis of the catta w•a encouraging. A more detailed analysis dem-

-•r•r .d, howevr that although the changes observed might partly be a result
of stir s they w- r seriously confounded by variables inherent in the measur-
ing 0- tees. Those factor3 make -iterpretation uf the data impossible at the

prese time.
. ,e practice effect has been observed by others in VFF measurement'" 4 3

There s no similar body of literature pertaining to this problem in AFF. Some
additic - il work by ORO, using AFF as a stress measure, demonstrates rather
conclu vely the existence of a practice effect which to some extent might mask
any sti :ss effects.

It. jue such study the AFF was administered to a random sample of an
armort I company engaged in maneuvers at Ft Knox, Ky.- The test was ad-
ministe, ed on four occasions, approximately 10 days apart (before and after
two 10-day maneuvers), Differing from the Korean administration of the AFF,
where irdividual means were based on an average of three trials, the AFF at
Ft Knox was based on an average of five trials following two practice trials.

Th- same subjects were involved in the four administrations of the AFF
at Ft Kn,,x. The first three administrations were confounded by what might
have beea a practice effect plus the use of different administrators. The ma-
chine is ýot automatic and consequently manipulation of the controls may vary
with administrators. Referring to Table B9, the mean of 33 CPS premaneuver
1 increaL ed to 42 during postmaneuver 1, and increased still further to 45
during premaneuver 2. The mean, postmaneuver 2, dropped to 39, which may
indicate a real effect on fusion frequency as a result of a 10-day maneuver.

In addition, ORO participated in the stress experiments conducted at
Ft Benning by the Personnel Research Branch of the Adjutant General's Office
in July 1953, using 48 paratroopers making their first jump from the 34-foot
tower." Subjects were given four practice and four test trials on AFF in both
stress and nonstress conditions. In these tests a trial consisted of the sub-
ject's adjusting the Repetition Rate dial until he found the point at which he
thought the sound was just beginning to be interrupted. in other experiments
this had always been done by the experimenter. There was no significant dif-
ference between stress and nonstress conditions in the flutter fusion point,
but there was a consistent "learning" effect; i.e., the subjects consistently
show a higher fusion point in the second series of trials regardless of whether
the first admhinistration was under stress or nonstress conditions.45

in a lurther attempt to study 'he learning or practice effect encountered
In these experiments, two groups of 10 subjects each were run. The "con-
tinuous" group received 2 practice trials and then 20 consecutive test trials
all at one session. The "spaced" group received 2 practice and 10 test trials
at the first session, and 10 additionsl tet tr±Si at a second session 241 hours
later, for a total of 20 trials. Although the t test of differences was not sig-
nificant, the data showed that the "spaced" group definitely had a larger in-
crease in cps from the first 10 to the second 10 trials than did the "continuous"
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group. These results suggest that the "practice" effect found in the past may
be due not only to practice but also possibly to somn. other factor such as the
subjects changing their "criterion' of fusion from one time to the next, or
possibly, spacing may be a more effective condition of practice.

TABLE B9

COMPARISON OF AFFa MEANS OF MEN PARTICIPATING
IN TANK MANEUVERS

(Ft Knox, 1953)
(cps)

Means computed Rican diff. t df. P

Pre-1b (33.1)' vs Post-1 (42.4) 9.3 4.48 29 <.001
Pre-1 (32.2) vs 1':r-2 (43.8) 11.6 5.67 26 <.001
Pre-1 (33.4) vs Pont-2 (38.3) 4.9 3.90 23 <.001
Post-1 (42.1) vs Pre-2 (44.7) 2.6 1.29 27 NS
Post-1 (42.4) vs Post-2 (38.8) 3.6 1.70 24 NS
I're-2 (4 ..AJ vs Poat-2 (38.7) 5.1 3.88 23 <.001

"8Settings of AFF: on-off ratio 00 percent, attenuation 72 db. Values of t computed
from distribution of individual mean differences.

bDates of maneuvers: Pre-1, 11 March; Post-i, 20 March; Pre-2, 31 March; Poat-2,
9 April.

CPreinaaeuver I was admiaistere'd by two individuals, 15 subjects each. The inter-

administrator means were significantly different: P - .05. Poatmaneuver 1, pre- and
poatmaneuver 2 were administered by a third individual.

Sunmmary

The fact that the tests did not satisfactorily reflect changes caused by
combat stress is thought to be primarily a result of measurement problems.
The team felt that there were definite changes in the men's behavior (such as
an observable depression of activity) as a result of being in combat, but that
these changes were not measured because of one or more of the following
factors: (a) the tasts were not sensitive to the stress; (b) the time lag be-
tween stress and testing was too great, permitting recovery; (c) the subjects
were motivated to exert compensatory effort at the time of testing; (d) the test
conditions were not adequately standardized; and (e) practice effect masked
any real deterioration of performance. These factors, coupled with the rela-
tively large amount of tirne taken to administer the tests to each subject, Jindi-
cate a great need for developing simple, behavioral indices suitable for field
testing. It has been pointed out that where there has been a wealth of basic
research on the adrenal functions, there is a gross lack of basic research un-
derlying the area of stress-sensitive psychological tests. Perhaps one of the
reasons that the present results have been so discouraging is that the analysis
of behavioral processes under stress has not come first.3 •34 •
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