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\"'C olled studies of cognitive performance in cold environments are

rare. Trhe present study examined the effects of initial hydration state
upon cognitive performance during cold exposure. Five tests (Coding, Number
"Comparison, Computer Interaction, Pattern Comparison, and Grammatical
Reasoning) were used to assess the cognitive performance of 36 male Marine
volunteers.A.ssessment methods and four of the tests were adapted from the
"Navy's program,">Performanee--Evaluation Tests for Environmental Research

" (PETER); the Computer Interaction Tes't-wa'"developed at USJARTEM;fAll
subjects practiced the tests extensively the 3 days before the cold
exposure Each test was usually given 5 times per day for 4 minutes per
administ ation. Computer Interaction was practiced 5 times per day for 7
minutejs

""I'wo groups of 18 subjects each were studied, 21 days apart, for 10
consecutive days. The second group of subjects was dehydrated by 2.5% of
their body weight by severe fluid restriction and exercise-induced sweating
the day before the cold exposure; the first group was normally-hydrated.
All subjects spent 5 days in an environmental chamber where temperatures
during the day were -? 3 to -25PC with 4 km/h winds and night conditions
ranged from -4 to -10 C without wind. In the cold the subjects wore
protective Artic Uniforms; afterwards, recovery was evaluated for 27 hours.
All cognitive assessment was interspersed with extensive physical work
Subjects exercised vigorously each day by walking, running, and pullir"
simulated loads on a treadmill. Handware was worn during precold, cold, and
"recovery testing. The subjects' fluid intake was controlled and limited
,tkr4Jg out the..•.D.kA .... ... ...... -

" .'-The results indicate that dehydration or cold exposure with limited
intake of fluids impairs cognitive performance The five tests assessed
different processes and all tests, except Gra atical Reasoning, were
"sensitive to cold and to 2.5% dehydration attoom temperature. Before
dehydration, both groups' performances wer comparable on the Coding,

C Number Comparison, and Computer Interact n Tests. The performance of the
dehydrated group, before the cold exposure, was 70-90% of the normally- lo

hydrated group (15th testing) and 79-90% of their prior peformance when they
were hydrated (6 & 7 testings). These differences were statistically
"significant, except for Grammatical Reasoning. Both groups' performances
were comparable in the cold and 71-81% of the normally-hydrated group's pre-

" cold performance. Performance in the cold was not affected by the initial
hydration state but recovery lagged in the predehydrated subjects. The'
similarity of performance impairments observed for dehydration at room
temperiatures and for cold suggests that 2.5% dehydration produces
"cold impaired cognitive performances.

'-4il +./ .. ... . _____ "I •0o • U"''. '. "

" 111 1 , iH.. . .
SH:-.+ / F* / I- A'+ "

"CT" Z

S. . . o.-o,0-1:

UNCLAS

59CURITY CLASSIFICATION OF THI4S PAGE(Vhwi Data entoegeE)



q.°I

Effects of Dehydration or Cold Exposure and Restricted Fluid
L. nr Intake Upon Cognitive Performance

" LE. Bandereti Ph.D., SP4 D.M. MacDougall% B6S.. D.E. Robertsz Ph.,D.
US Army Research Institute of Environmental Medicine (USARIEM)

a.' * Naticki MA 01760
D. Tappani Ph.D., M. Jacey, MSB & Lt. P. Grays MC

Naval Submarine Medical Research Laboratory

Grotoni CT 06340

ABSTRACT

Controlled studies of cognitive performance in cold environments
are rare. Unfortunately, few cold studies include hydration as an

independent variables and some studies confound performance and handware
effects. The present study examined the effects of initial hydration

state upon cognitive performance during cold exposure. Five tests
(Codingi Number Comparisons Computer Interactions Pattern Comparisons and

Grammatical Reasoning) were used to assess the cognitive performance of 36

male Marine volunteers. Assessment methods and four of the tests were

adapted from the Navy's programs Performance Evaluation Tests for

Environmental Research (PETER)$ the Computer Interaction Test was
developed at USARIEM. All subjects practiced the tests extensively the 3

days before the cold exposure. Each test was usually given 5 times pew-
day for 4 minutes per administration. Computer Interaction was practiced
5 times per day for 7 minutes.

Two groups of 18 subjects each were studied, 21 days &parts for 10

consecutive days. The second group of subjects was dehydrated by 2.5% of

Stheir body weight, by severe fluid restriction and exercise-induced

sweating the day before the cold exposurel the first group was
normally-hydrated. All subjects spent 5 days in an environmental chamber

-where temperatures during the day were -23 to -25PC with 4 km/h winds and
* night conditions ranged from -4 to -10*C without wind. In the cold the

subjects wore protective Artic: Uniforms; afterwardst recovery was

evaluated for 27 hours. All cognitive assessment was interspersed with
extensive physical work. Subjects exercised vigorously each day by

walking, running, and Pulling Simulated loads on a treadmill. Handware

was worn during precoldo colds and recovery testing. The subjects' fluid
intake was controlled and limited throughout the study.

The results indicate that dehydration or cold exposure with

limited intake of fluids impairs cognitive performance. The five tests
assessed different processes and all tests, except Grammatical Reasoning,

were sensitive to cold and to 2.5% dehydration at room temperature.

*Before dehydrationo both groups' Performances Were comparable a~n the
Coding, Number Comparison, and Computer Interaction Tests. The
performance of the dehydrated groups before the cold exposure, was 70-90%

of the normally-hydrated group (15th testing) and 79-90% of their prior

peformance when they were hydrated (6 & 7 testings). These differences
were statistically significants except for Grammatical Reasoning. Both

* groups' Performances5 Were a~maal ntecold a-nd 7L-81% of the
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normally-hydrated group's pro-cold performance. Performance in the cold
was not affected by the initial hydration state but recovery lagged in the
predehydrated subjects. The similarity of performance impairments
observed for dehydration at room temperatures and for cold suggests that
2.5% dehydration produces impairments as great as those seen for extreme
cold. Both dehydration and cold impaired cognitive performances.

INTRODUCTION

Dehydration can profoundly affect behaviors especially when
combined with elevated body temperatures. With marked dehydration heat
exhaustion or heat stroke and death may result (196,16). Changes in
emotion (6)9 aggression (6)9 cognitive performance (18)9 Jet fighter crew
performance (4)1 video target acquisition- (10), and hand steadiness -
dexterity, and coordination (9,13,18) have also been reported. Some
studies have also shown negative results. Number Comparison and Choice
Reaction Time performance were not affected by 3% dehydration (2) nor were
visual reaction times to central and reripheral stimuli for 2.5 or 5%
dehydration (12).

Most dehydration studies have examined physiological changes
during heat exposure; few have investigated cognitive or psychomotor -

performance. Studies of dehydration and mental performance in cold
environments are even rarer and many studies of c.old do not manipulate
dehydration as an independent variable. Typi,:ally, performance studies in
cold investigate tasks which require hand steadinessi dexterity, and
coordination, e.g. (1.liti).

The purpose of this study was to investigate the effects of
dehydration upon cognitive performance under normal and cold temperature
conditions. Cognitive performance was evaluated by five tests, which were
sensitive to 4600 m simulated high altitude in one of our prior
investigat ions.

METHODS

Thirtw-six×'active dutyi male Marine Corps Personnel from Camp
Lejeunev NC, were the subjects of this study. All were fully infor.med
volunteers. Their average age was 22.0±4 (SE) years and weight 7 6 .5•41.12
(SD) kg.

Our investigation was part of a larger collaborative study with
personnel from the Naval Submarine Medic:al Research Laboratoryt Grotont
CT, and other personnel from USARIEM in which dehydration indices (17),
physical work performance (14,17)t hand cooling (17)9 and map Plotting
performance were evaluated. Two groups of IS subjects each, were studied
21 days apart. Each group was studied over 10 consecutive days in a large
climatic chamber at the US Army Natick Research and Development Center,
Natic:kv MA, where subjects were exercised and tested during the day and

2

A-.*.*°*-



*i .. , ,-rf ~ r r rr ~ r ~ .

Snoused at night. In the first group studied subjects were fully hydrated
" before the cold exposure; the second group was dehydrated 2% by body

weight. For our Purposes, these groups were regarded as normally-hydrated
"" and predehydrated.
"" Testing on days 1-3 of each study was at 20 to 270C and was used

to establish baselines. On day 3 subjects in the prodehydrated group lost
3% of their body weight by severe fluid restriction and sweat losses over

S10 hours. In the evening them were rehydrated to 2%. On days 4-e all:%,soldiers wore the Protective Arctic uniform and were challenged with -23
to -25*C and 4 km/h winds from 0700 to 1530 h. During these evenings,
"conditions warmed to -4 to -101C and there was no wind. Normal

temperature was restored and rehvdration was begun on days 9-10. A
.. program of vigorous physical activity was maintained on days 1-8.

Subjects were given adequate food but were limited in the fluid intake
permitted them.

Five paper and pencil tests of cognitive performance were
administered during the study. Each test had 15 alternate forms and
sample items are shown (Fig 1). The Computer Interaction Test was
developed at USARIEM. The other tests were adapted from items in a
publication (5) from the Navy's Program, Performance Evaluation Tests for
Environmental Research, i.e. PETER (3). The Coding Test requires that
subjects write symbols for different numbers from the legend at the top of
the page. This test is similar to procedures for manually enc:oding
sensitive military radio communications. Subjects performing the Number
Comparison Test indicate if the numbers in each horizontal pair are the
same or different. Such test demands are similar to comparing part
numbers, map grids, or numbers on property decals.

The Computer Interaction Test evaluates a person's global
transactions with a "*computer" system. Subjects use a 12-digit desk top
calculator with a liquid crystal display (Radio Shack EC-2004) to solve
problems like those in Fig 1. A plastic plate c:overs several calculator
function keys not required during testing. The Computer Interaction Test
requires actions like those of some military personnel who us* computer
keyboard and display systems. In gerneral, irf'ormation is entered into the
calculator, one of six sequential oPerations is performedv -and display
information is transcribed onto the test form. The result may require
rounding, depending upon the answer's characteristi,:s.

Each Pattern Comparison problem c:o:,nsists of two patterns with the
same number of ast~risksi i.e. 69 7t or 8. On some problems, a sinqleasterisk inr one of the patterns will be displaced slightly. Subje*c ts
indicate if the patterns on each Problem are the same or different.
Grammatical Reasoning is a test of verbal :comprehension in which the
subjects decide if a two letter series (sample) is described c:orrectly by
a statement. This test evaluJates underztandJirng o f vitr Im:us g r amma t icI
transformations of language, e.g. "A Prec'edes Bi', "A is pre,:eded by B".
Grammatical Reasoning performance evaluates proesses similar, to those for
understanding written informationi e.g. orders, tec:hnical procedures 9 and
training manuals.

The Arctic chamber and other study activities created a dynamic
"Setting with distrac:tions and specil challengos for ,':onitive testing.

3
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Cognitive testing was interspersed between exerise intervals and the
requirements of other investigators. Typically, 9 subjects were tested
while the other 9 subjects were exercised. Testing sessions usually began
2-3 minutes after 15 minutes of heavy exercise. We did not attempt to .
reduce the noise from the two large 5-person treadmills or the extraneous
sounds produced by the exercising group during cognitive testing. When

subjects were released to other studies, they were tested (it possible)
when they returned.

All tests were timed. Computer Interaction was evaluated for 7

minutes per administration; all other tests were evaluated for 4 minutes.
Subjects were urged to work as quickly and accurately as possible. No

subjects completed all problems on any test in the time allowed. Subjects ,
were instructed formally before each test was given on day 1. To provide

individual feedbacks data sheets were given to subjects showing their
sequential test scores (number of problems attempted and number of errors) -
on days 1 and 2 and at the end ofs day 3. If individual error rates were
greater than 10%. after 8-10 administrationsi comments written on the dataJ,

sheet and/or verbal feedback suggested the subject work slower to reduce -
errors.

Each cognitive test was practiced several times the first few days
to produce stable and near maximal baselines. Both groups were given each
test 5 times daily on days 1-3s e<cept group I which was tested 4 times on
day 1. Subjects were tested twice daily at 0800 and 1300 h during the
cold and restricted fluid intake (days 4-8) and recovery (days 9-10)

conditions. Subjects wore handware during most cognitive testing. Group
2 wore the Artic mittens with woolen inserts on days 3-9. Group I wore
military gloves with woolen inserts on days 29 3, and 4; on days 5-9 they
switched to the Artic mittens and inserts after the gloves were found
inadequate for the cold. Wooden pen,:ils, 1 *:m in diameters were used to
complete the tests.

The mean number of problems correct per minute was calculated to
provide a single performance score for each test. A ,-orrection factor to

*-penal ize for guessing was used with the Number Comparison, Pattern
Comparisons and Grammatical Reasoning Tests. On days 4-8, the two daily
administrations of each test were averaged to yield a single scope.

Body weights were determined at 0600 h daily shortly after
awakening and voiding of urine. Subjects were weighed in their briefs in
an adjacent room that was he'ated. On lay 3 subjec:ts were weighted nude
3-4 times to docume'nt hydration sta±te. Control body weights, i e. 100% .

body weight, were the average ff day 1 bind 2 weights. Percent ,hanqe from
100% body weight was alz.o cal,:ulated. All data were analyzed using 2V
repeated measures analysis of13 var iancn:e programs created with BMDP
statistical software (7). The statistic:al significance o:,f individual data
points was determined with ,ukey's HSD statistic for Sele.:ted muoiliple

comparisogs (15). Statistical significance was specified 41s p.5.

4
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•' RESULTS

- Dam 3 fluid restrictions imposed in the Predehydration group

ii were *efec~tiv*. Aft:er 8 hours% the group was 2.1%. dehydrat~ed as

inferred from changes in body weightf aft~er 10 1/2 hoursi the group was
•.2 2.9% dehydrated. We assume subjects were dehydrated -2,5Y. at 9-10 hours

-"during cognitive te~sting. In contrasto after 5 hours (before fluids
/,. were replaced) the body weight of the normallw-hudrattd stoup decreased
'.'i1•M Af~ter 140 1/2 hourst this stoup was dehydrated 0.7%.,

:::' Performance* co the Codingv Number Comparison% and the Computer
SInteraction Tests akre shown in Fig 2. Day 1 and 2 valuss are the

a verages for t=est administration% 2+3 and 6+7* respectylvely day 3 data
a" t* from the 15th administration. Codingv Number Compar isono and

•''Computer Interaction Perf'ormancts were significantly impakir'ed by 14.29
S~10.59 and 30,.4 in the predehydrated group (P<0.01) at room temperature.

Comparable data ar shown for the Patt~ern' Compatrison and Grammatical
SReasoning Tests (Fig 3). Normall1y-hydrat~ed group val[ues for day 3 were

a djusted to €ompensat* fop significant (P<0.05) stoup differences
'r.(admin. e) before c.ompleting the Pattern Comparision and Grammatical
,,Reasoninu anal yses. After adjustments the Pattern Compari•son
• :. prformance of the Predehydration group was impaired by 14.6%. (p<0.01).

:.:' Grammatical Reaso5ning performance was not aff1ected by 2.5% dehydration.
'• / ~Body weight fell du-ring t~he cold with restricted fltuid inta•lke

':" •rchallenlge (Fig 4). Before the cold ch4L11•ng* (end of' day 3)9 the

-. ,normal-hydration group was 0.4% lighter than. their 100% body weight
,.,valuest but they los.t 1.7% more during days 4--e in the cold. All their

-bdy weight changes, except day 39 were significantly different from

:•:';•ltheir 100% body weight (P<81.01), In cont.rast s the predehydration
- •Jl / group's weight loss was 2.7% just• before the c:old c:hallenge and they

•._ lost but 0.2%. mort by day e. Their within-group weight losses were also
:::significantly different t.han control (<.), Because the irki t ia
-,weight loss of group 2 was not restoredi between-group weight losses
:':: were significantly gpeater in group 2 on dakys 4 (P<0.01g)9 6 (P<0.05)9 7
"-"(P<@.0•5), and B (p.(0.05). After 24 hours of recoverys the body weights
Sof groups I & 2 were significaintly lesso 1.*. 1.1 and 1.9%1 than their
-- €~ontrols (pi. 1 .

".'. Fig 2 & 3 also show t:he impact of cold and f1,uid restriction
:..upon per for~mancw Perf•ormance on the Codingi Number Compar •sonq
!." Comput:er Inttra¢tiori and Pattern Comparison Tests was significantly
, . .impaired from b4Lseline (p<0.01) for the combination of I od and flI*Ji d

"•restrictiong with 4L few exceptions, Coding did not differ z i gn if icantlIy
from baseline (day 49 normal -hydration group) nor did Number Comparison

,jon days 5, 79 and B (PredehoJdr~tion group). Consis•tent with the 2.514
.,dehydration datat at no . time was Gr ammat icaI fleasoninq impaired
.- significantly in th* ,cold. M&4: im M&Iperf ormance dtcr~merts" n the
SCodingo Number ComParison, Computer Interactiont and Pattern Recognition

Tests during the cold and fluid restriction condition were 28.2, 19.2,
.. '. 27.19 and 33.6% of the normal-hyjdration group's ,control Performance.

FS



We also compared the predehydrated group's performance on each

test during the cold and fluid restriction condition with their day 3
performance when they were dehydrated. Only once (Pattern Comparison,
day 6) was performance in the cold and fluid restriction condition more
impaired than that observed on day 3 for 2.5%. dehydration at room
temperatures (p<0.01). On all other occasionsi performance impairments

for cold and for 2.5%. dehydration at room temperature were similar.

When normal temperature was restored and rehydration was begun

(day 9)9 the two groups were compared. After 6 hoursi the performance

of the normally-hydrated group on the Coding* Number Comparison,

Computer Interactiont and the Pattern Comparison Tests was not

significantly different than their day 3 control values. Their

Grammatical Reasoning performance at 6 hours actually exceeded baseline

performance (p<0.01). Number Comparison performance in the

predehydration group did not differ from the baseline performance of the

normally-hydrated groupl howeverv Computer Interaction (p<0.05)9 Coding

(p<0.05)9 and Pattern Comparison (p<, 01) perf orma.nces remained

impaired. The next morning, 19 hours later, performance on these three
tests was equivalent or superior to baseline.

The predehydration and normal-hydration groujps were compared at

equivalent times during the study for possible group differences.
During the cold and fluid restriction condition the performance of both

groups on the five tests was remarkably similar, except for the
predehydration group's greater performance on Number Comparison on day 7

(p<0.01) and day 8 (p<0.05). On the other four tests and at all other

times during the cold and fluid restriction conditions the groups'
performances were similar.

Similar group trends emerged during rec,:,vory. After 1 and 24

hours the groups' performances were not different on any of the tests,
except the predehydrated group's performance was greater on Pattern

Comparison (p<0.01). As noted earlier, after 6 houJrs of recovery the

predehydration group had not recovered as fully as the normal-hydration

group. Hencev between-group compar I Sons at 6 hours showed the
normal-hydration group's performances exceeded that of the

predehydration group on the Computer Interac:tion (P<0.01)9 Coding

(p<0.01)9 Pattern Comparison (p<0.01)1 and Grammatical Reasoning

(p<0.05) Tests. Performance on Number Comparison did not differ.

The two groups were also :,ompared with data c:ollected before the

dehydration manipulation. We only compared administrations 5 and 8 from

deg 2s but both groups' performances on the Number Comparisso:n and
Computer Interaction Tests were similar. Coding Performanc:es were
,similar on administration 5 but the predehydr4tiLotr gro:Pup had grea tr *

scores on administration 8 (p<0.01). On Pattern C,:,mparisson the

predehydration group had greoater scores initially (P'.:0.01)1 later the

normal-hydration group did (p<0. 5). On Gramma t ial-a I R$asoning the

normal 1 y-hydrated group' s perf ormAn:e was greater (P-M. 01) on b,: th

administrations.
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AN

" DISCUSSION

Deyrto atnra omtmeaue n odwt li

.! retstriction Produced signific:ant Performanc.e impairments on the Codingo

'.' Number Comparisoin, Computer Interactions and Pattern Comparison Tests.
:iThe Grammatical Reasoning Test was not affected. The changes observed
•i on the four tests are interesting since the tests require varied

processing (e.g,9 numbersv swmbolso Patteornsi or numbers and words) and
Shave different memory and hand coordination requirements. This finding

• :. room temperattures or cold. Our data contrast with earlier studies that
, showed no effects an Number Comparison Performance after 3% dehydpo.tion

in 14 subjects (2) or visual reaction times after 2 1/2 or 5%€
,•, dehydration (12).

diff•erences on the Pattern Comparison (admin. e) &nd Grammat ical
Reasoning (admin. 5 & e) Tests between the predehyqdrated and
normally-hydrated gqroups. To offset the higher than expected sc:ores for
the normally-hydrated group on each testq t:heir scores (admin. 15) were
decreased by the group difference observed earlier (admin. e). Even_-3 IIwith this adjustmeont, Pattern Comparison Performance was significantly

• • ~impaired after 2.5% dehydrationi Grammatical tieasorting was not.
• Ii We were surprised that Grammatical Reasoning Performance was not

. impaired by do¥hydration. Our, previous work at 4600 meters simulated
.. :• . high altituc,* demonstrated impairments and the test is -s.nsiiive to
.•,other stressful conditions in the literature. We suspect that our
i_]1 IIsubjects had not received enough training atnd feedback•. This is
.'•.1 •supported by the fact that Grammat ical Reasoning Per formance was

equivalent in the two groups at the endl of the study and our *xper.ienc*
-:•. has shw rmal:1Reasoning to be one of the more difficl,:,t tests
11 ~ that we administer foor s.utje,:ts to ujnderstand.

Cold and restricted fluid intake also Impaired the same four '
cognitive tests that were affected by 2.5%. dehydration at room ,
temperatures. There were some exceptions such as Coding Perf'ormance

• 5t 6, and e 9 P'redeh ylrat ion gJroup ). We have no hypotheses Popr
. xplIanat ion% f or these non . gr I f icant data. The f ac t that Grammat Icai I
.•Reasoning was not affected contrasts with a stJdw reporting enhanced
S~Performance during &i cold e',:osur* (0).

The literatuJre suggez.ts that perf•ormance de,:rtments in tlhe ,cold

:."( ), our test battery., 4mphasize$ thinking and processing o f
' information so manual d*)4t~r, ity would be 1leI.s impoortanit for our tests

than those that meaLsure PZ sZh~fomotor perf'ormance e.9 g 13, 8). u i'sr
experience in the cold &1-s.,, I uJg .4vs t s t ha t ,:,:,ta ring 1activities:, *6..

:•moving the hands or f *et t o keep them warm, ar* probably a I so13 an

"•' ~Our data indicate that *a,:h group's. Perf#ormarices on the fosur

v %
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tests were not significantly different during the cold and restricted

fluids condition except for days 7 and 8 on the Number Comparison Test.
The earlier substantial performance changes observed for dehydration at -'
room temperature and the consistent difference in weight loss, i.e.
dehydrations of the two groups in the cold suggest if there are
dehydration effects they are probably masked by the effects of cold.

Impairments on the Codings Number Comparision, Computer
Interaction and Pattern Comparison Tests for the cold and restricted
fluid intake condition were comparable to those for 2.5% dehydration in
comfortable temperatures. This finding suggests 2.5%. dehydration at
comfortable temperatures can have effects upon cognitive performance
which are as great as those observed at -23 to -251C. A second
consequence of dehydration is suggested by our finding that performance
impairments were present on three of the four sensitive tests after 6
hours of recovery. This suggests that c•nitive performance impairments
from dehydration may persist after partial hydration has occurred.

CONCLUS IONS

1. Subjects dehydrated 2.5% of their body weights at room
temperature exhibited impaired cognitive performances, a:n the Coding,Number Comparison, Computer Interactions and Pattern Comparison Tests.

The Grammatical Reasoning Test was not affected.

a 2. Performance also deteriorated on the same four tests
during a 5-daw cold exposure (-23 to -250C) with restricted fluid
intake.

3. Performance decrements observed for 2.57. dehydration (room
temperature) were as large as those observed with c:old and restri,.ted
fluid intake.

4. Performance during the cold -and restri,:ted fluid int'ake
condition was not different in subjects who began normally hydrated or
dehydrated 2%.

5. Subj'cts, dehydrated 2% before cold .1 :p,.ureq exhibited
performanc:e decrements longer during rec:overy on th.ee o f the four
cognitive tests than the normally-hydr.ted group.
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ADDENDUM

Human subjects par.ticipated in these studies after giving their
free and informed voluntaru c:onsent. Investicjators adhered to AR 70-25
and USAMRDC Regulation 70-25 on Use of Volunteers in Research.

The viewso~ 'pinionzq and/or findings contained in this report are
" -"those of the author(s) and i.houl sd not be c:onstrued as a n official

Department of the Army position, polis-yi or se,:isi,)n, unless s, d*ie1ignateds
"by other official documentation.
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FIGURE CAPTIONS

Fig I Sample items from the *:ognitiv* tests used In the study.

FIg% - Baseline (100%) and successive body weights during the
cold and i-estricted fluid challenge. Control subjects began the cold ~
exposure normally-hydrated; whereas, other subjects were predehydrated.

FigZ - Cognitive popformanmce an the Coding, Number Comparisont
and Computer Interaction Tests for training, 2.5% dehydation at room
temperatures, cold exposur* with restricted fluids% and recoverv.r

Fig .~-Cognitive performaLnce on the Pattern Comparison and
*Grammatical. Reasoning Tests for training, 2.5% dehydration at room
* temperatures, cold exposure with restricted fluids,9 and recovery.



CODING NUMBER COMPARISON
S'S f a

W95W4PM

".mi .'j 4 NI* M.

GORAMMATICAL REASONING COMPUTER INTERACTION

A k L......... F£3FUDT F41M -'r: J.
AN.1L Wo... N NUJ1, OA+ Y ,,5,48S3,-

ALVM&-----MIT J .--IWWW 419

rA--A...ta T r 3M? ftN 0*104m -

S' ,110MI0_.E•U•0 ..-.

*W O IflVA.8 I F se M rRuILI
i

I PATTERN COMPARISON

30,

PR0IZ CORWT/MmU

40

ItsI

20 .L I '. -=

IJ• l***,****..**,• **1r .**IJ••• To ~~O I.t*"

I, I'lIJ lfl-Jl "•ll •IW 5. M

' PATTERN.... ARIS.... ..

I I

Li I

5 I .. '.

55I I r

.511 ..4 J * .........

DAYI

.. "

* . *4 S.

'i f2.

- % S..%.r .. % .f,/* - -- ,.~.:~- *~III 5 5 *4 ' d W* .- i •** l*.



lie. PROLm Coj W • ! /uT

12 . /... ,..

'10.

4444

, @I go e

78.

/ ..........
13~

*--,, 4" 3 :T

•' ~24 HOUR BODY WfEIGHTS •

":" TWEIGHT (kg)

442 i":

,"* , • I x , .::.

.4 B"i DY
"4~

4'" 4*

"" 44' ''•• • • -'' '' . '' v - i • ; ' ; •"" '. " . ' ' ."t i2 " "• ""• '' '''. ' ' % ' % • ' , , . ( € 'l " .. " v . •"

'• , • ••• .v - ".h1. ' •• .,_,I. ' % _ ••% '.• ;',•. •• • .-•l ,• •% ,' , .i •J . . , • ' ' ,..' .," • . • ., • . . ••• ',• .7 6 < % .% ,% ',,,'


