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FOREWORD

Two carbohydrate-electrolyte solutions, NBC Nutrient solution and Armyade. were
tested to determine their effectiveness in enhancing fluid intake. The major purpose
was to prevent hypohydration in soldiers working in the heat over an 8 day period.

Another purpose of this study was to test the acceptability of a NBC Nutrient
solution recommended by a National Research Council advisory committee for soldiers
working in the heat wearing Nuclear, Biological, Chemical (NBC) protective clothing
(MOPP4). In previous tests where hydration was forced, water was as effective as
the NBC Nutrient solution in maintaining physiological and psychological performance
for the first 12 hours. This test of the acceptability of the NBC Nutrient solution
was to answer the question of whether ad libitum availability of the NBC Nutrient
solution vs water would affect enhance fluid intake and prevent hypohydration.

A third purpose of this study was to test the acceptability and usefulness of
Armyade in enhancing fluid intake during work in the heat and as a possible oral
rehydration fluid for the treatment of diarrhea. Using the formulation of the NBC
Nutrient solution as a base, extra electrolytes were added to expand the usage to
include treatment of diarrhea. The possibility of replacing the NBC Nutrient solution
with Armyade would provide the Army with a multipurpose solution that could
improve soldier performance.

This technical report is a compilation of ten separate sections of physiological
and sensory tests written by the individual authors. Each section contains its own
methods, results, and discussion. The literature review, general methods, integrated
summary, general conclusions, and general recommendations contain an overall view
of the study. The figures, tables, and references are listed sequentially throughout

the report.
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ABSTRACT

Two colored, flavored. 2.5% carbohydrate-electrolyte solutions {Armyade and NBC
Nutrient solution) with varying levels of magnesium, potassium, and phosphorus were
tested for ad libitum consumption and acceptability during 8 days of work in a hot
environment (max Tamb=31-38°C). Sixty-one male and female soldiers were divided
into 4 test groups. A Control group drank water while the remaining three groups
were given one of the following test beverages: NBC Nutrient solution, Armyade, or
a colored flavored water (placebo). All four groups were allowed to consume other
fluids such as plain water, soda, juice, etc. Acceptability in terms of hedonic ratings
and consumption rate was determined. Two subjects absolutely refused to drink the
assigned test beverages (Armyade and Placebo) after the first day, but did rate their
acceptability at the end of the study. The data on the acceptability of the test
beverages and demographics were assigned to the appropriate test beverage groups
for these two subjects, however, the biochemical, hydrational, food, and fluid
consumption data were analyzed as if these two subjects belonged to the Control
group. There were no group differences in terms of energy intake.

The subjects in the NBC group had a signficantly higher (p<0.001) average
daily fluid intake than those in the Armyade group, but their intake was not
significantly greater than that of the soldiers in the Control {water) or Placebo
groups. Under conditions of light-moderate activity, moderate heat stress, and when
other colored flavored beverages are available, there is no evidence that carbohydrate-
electrolyte beverages will enhance fluid consumption over plain water. However,
partitioning the total fluid intake for each subject into Colored Flavored Test
Beverage (CFTB), Water, and Other fluids for the Armyade, Placebo, and NBC (not

Control group since the test beverage had been plain water) groups, indicated that
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consumption of the CFTB was significantly greater (p<0.001) than Water and Other
fluid consumption, with subjects in the Placebo group drinking up to 10 times as
much CFTB as Water.

The daily hedonic ratings for the test beverages were: NBC Nutrient solution
{6.7). Placebo (6.6)., Water (6.5-rating by Control group only), and Armyade (5.1).
The hedonic ratings of acceptability did not decrease with ad libitum ingestion during
the 8 days. On a daily basis. the subjects in the NBC and Placebo groups rated
their test beverages as more acceptable than the water rated by the Control group,
drank more of these test beverages than water, and had lower incidences of
hypohydration. The subjects in the NBC group rated their test beverage significantly
higher than the subjects in the Armyade group rated their test beverage, drank
significantly more fluid on a daily basis, and had significantly lower incidences of
hypohydration.

Urine specific gravity and electrolytes, body weight, and fluid intake were
monitored twice daily to assess hydration status. Urine specific gravity displayed a
diurnal periodicity, with morning values higher than those in the late afternoon. The
Control group had the highest incidence of urine specific gravities >1.030 (22%)
whereas only 8% of the samples from the Placebo group had urine speciﬁcﬂ gravities
>1.030 (p<0.05). Increased heat stress elevated urine specific gravity in all groups
despite enhanced fluid intakes. On the hottest day. incidence of urine specific
gravities >1.030 peaked in the Armyade (33%) and Control groups (34%):
significantly lower (p<0.05) incidences were observed in the Placebo {8%) and NBC
(0%) groups. Individuals having urine specific gravities >1.030 consumed about 22%
less fluid than those with urine specific gravities <1.030. Likewise, urinary creatinine

concentration obtained the morning after the hottest day were significantly greater for
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the Armyade and Control groups compared to the Placebo and NBC groups. Urinary
sodium and potassium mirrored electrolyte ingestion. The NBC and Placebo
beverages were effective in reducing the incidence of hypohydration by enhancing fluid
intake during field exercises in hot climates. When food intake is adequate, the
carbohydrate-electrolyte beverages are not necessary to provide electrolytes but may
be helpful in improving fluid intake. According to the clinical chemistries, ingestion
of the carbohydrate-clectrolyte solutions was not accompanied by deviation from
physiologically normal values. Drinking NBC and Armyade solutions appeared to be
safe under the conditions studied.

In climatic extremes weather has a profound effect on soldier performance and
drinking requirements, The ability to measure heat stress levels across a large area
would provide valuable- information for optimizing soldier performance. The close
correlation between field and satellite-derived WBGT readings during the field trial
indicates signiﬁcant potential for the use of satellite remote sensing technology to

accurately assess WBGT in training/operational environments.




INTRODUCTION

Heat casualties are sometimes a major problem when working in the heat.
Unacclimated individuals working in the heat often lose more than 2% body weight
from sweat. The resulting hypohydration can affect performance and recovery from
physical activity (1-3). Dehydration causing greater than a 2% reduction in body
weight will decrease plasma volume, increase osmolality, decrease stroke volume and
cardiac output, increase heart rate, increase core temperature, and reduce sweat rate
and cutaneous blood flow (2,4-10). Significant loss of water with accompanying
losses of sodium (Na+) and potassium (K+) may predispose an individual to heat
éramps. heat exhaustion, and heat stroke (3). Hypohydration can adversely affect
discipline and morale which may lead to moroseness, aggressiveness, and obvious
signs of fatigue (2).

Optimal performance of a fully acclimatized person, performing intermittent hard
work in the heat, is achieved by continually replacing the water lost in sweat (4).
Small frequent sips of water are recommended to prevent dehydration and its
attendant hyperthermia (11). However, subjects drinking water ad libitum tend to
delay drinking and then consume all their fluid at one time (2). Observers have
reported that subjects will voluntarily dehydrate when fluid requirements are high,
and water losses may exceed 2.0% body weight depending on the work-rest cycle
-(2.12,13). Adequate hydration helps maintain body temperature during exercise
(3.4.14) in the heat. If sufficient water is ingested, core temperature is maintained
at a lower level (4).

The optimal oral hydrating solution should (a} be absorbed rapidly from the
digestive system allowing for maximal fluid delivery to the body and maintenance of

an adequate hydration level, (b) provide carbohydrate to the blood thereby sparing




muscle and liver glycogen stores and preventing hypoglycemia; (c) provide
carbohydrate that will not result in a significant insulin response; and (d) provide
minerals to replace those lost during periods of heavy sweating (15,16).

Glucose concentrations as low as 5% by volume can retard gastric emptying
(15,17-23) and reduce absorption of the ingested fluid. The volume of nutrient
solutions emptied from the stomach is delayed as the osmolar concentration of the:
gastric contents increases. This delayed emptying of hyperosmotic gastric content
can cause nausea and discomfort. Coyle (19) reported that plain water emptied 39%
faster than a 5% glucose solution when the subject was at rest, whereas Neufer et
al. (23) noted that water emptied 22% faster than a 5% glucose solution at 50-70%
VOzmax. However, delayed gastric emptying has not been shown to result in
performance decrements. The total carbohydrate delivered from a 5% carbohydrate
solution is inadequate to meet the carbohydrate requirement of heavy exercise (24).
However, continued ingestion of a carbohydrate solution can stabilize blood glucose
levels and thus the work rate (4.25-32) when compared to water. Of equal

*, and water absorption in the small

importance, is the coupling effect of glucose, Na
bowel which is distinct from the normal absorption of salt (NaCl) in the brush
border. Solutes such as glucose utilize an independent brush border carrier which
permits one NaT ion to be absorbed with each glucose molecule entering the cell.
The resulting flow of water enhances further NaCl absorption (solvent drag) (33).
Another factor that may affect performance is electrolyte balance i.e.. sodium is
important in preserving extracellular volume. Costill (34) described electrolyte losses
in the sweat ranging from 40-60 mEq Na+/L sweat. Excessive sweating results in_ )

large water losses but the electrolyte losses are much smaller (35). Researchers do

not agree on the need for electrolyte replacement during exercise in the heat. Pitts




et al. {4) reported that replacement of salt hour by hour during heavy sweating has
no demonstrable advantage for fully acclimatized men who receive adequate amounts
of salt in their daily diet. Most research on salt replacement is for short periods of
time (2-6- hours) {4,35) followed by a meal soon afterward and therefore salt
replacement was not needed. However, moderate sustained activity for 24 hours in a
hot environment (sweating 0.5L/hr) could cause losses of up to 12 liters of sweat
and hence 480-720 mEq (11,040-16,560 mg) of NaT per day. Frizzell et al. (36)
reported on two unusual cases of hyponatremia resulting from excessive consumption
of dilute fluids (about 20 liters containing 196 mEq Na+) during excessive sweating
in ultramarathon running, and concluded that in a small minority of long distance
runners some replacement of sodium is necessary. Americans usually ingest
2300-6900 mg Na+/day when only 100-150 mg of sodium is needed to meet the
physiologic needs of people who do not lose excessive amounts of fluid (37). Food
deprivation caused by anorexia in the heat could preclude salt replacement. The
possibility of sustained exercise which can elicit hyperthermia (14,38). excessive fluid
loss due to heavy sweating, and lack of regular meals suggest that sodium
supplementation during the first 3-5 days may be important for unacclimated persons.
About 60% of the Mg-H' in the body is in the skeleton. The remainder is
chiefly in the intracellular space where it is involved in: {(a) membrane permeability
and transport, muscular contraction, and nerve impulse conduction; (b) intracellular
fluid regulation such as viscosity, buffering, phosphate (P04) transport, activation of
enzyme systems, activation of adenosine triphosphatase, and actions as a chelating
agent; and (c} regulation of protein synthesis (39). There is evidence that Mgt
has an important role in maintaining cell Kkt integrity (40). Magnesium is pivotal in

restraining the loss of cell Kt during Kt depletion (41) as well as in repleting cell




Kt (42). Thus, avoidance of a Mg™ " deficiency is important in order to
circumvent the problem of refractory or resistant Kt repletion (43,44). While body
Mg++ is fairly well conserved by the kidney. losses may occur in sweat or diarrhea.
About 1 liter of sweat contains about 1.5 - 5.0 mEq of Mg™™ (34.45); therefore,
soldiers sweating heavily in the heat and not eating regular meals may become
depleted. If consumed, the average American diet is nutritionally adequate in its
Mg++ content. A recent study of soldiers eating 3 A-ration meals per day in the
field found magnesium intakes of about 414 mg/day (46). The Military
Recommended Dietary Allowances (MRDA) for Mgt ™ for males is 400 mg/day.
hence supplementation does not appear to be necessary when regular meals are
eaten. However, Mg T deficiency can occur when there are excessive losses either
through the kidneys, sweating, or gastrointestinal tract, or due to inadequate intake |
(47). Clinical and experimental Mg++ deficiency is characterized by hyper-irritability,
soft tissue calcification, muscular dysfunction, cardiovascular arrhythmia, tremors.
disorientation, ataxic gait, motility problems manifested by dysphagia, and
malnutrition (48). Thus, it appears important to avoid Mg'H' deficiency especially
under field conditions.

Severe heat stroke is characterized by hypokalemia and rhabdomyolysis.
Maintenance of normal KT homeostasis is important for skeletal muscle and gastro--
intestinal smooth muscle function (49). Similarly, normal cardiac conduction and
function is dependent on maintenance of normal intracellular and extracellular Kt
concentrations. It is especially relevant to avoid Kt depletion because of the
vasopressin resistant hyposthenuria or loss of renal concentrating power associated

with KT deficiency (48,50). This inability to concentrate urine and to conserve

water is crucial under conditions of heat stress.




Phosphorus losses, incurred either in response to heat or secondary to diarrheal
losses, should be replaced in view of the pivotal role played by this cation in cell
energy production. i.e., adenosine triphosphate (ATP). Other potential clinical
problems associated with phosphorus depletion include decreased red blood cell (RBC)
2.3 diphosphoglycerate, and decreased RBC ATP which may impair red cell oxygen
release from oxyhemoglobin. Abnormal white blood cell phagocytic. chemotactic, and
bactericidal activities have been demonstrated in association with phosphorus
depletion as has central nervous system dysfunction characterized by irritability,
apprehension, muscular weakness, numbness, dysarthria, confusion, obtundation,
seizures, and coma (51). Rhabdomyolysis is associated with phosphorus depletion.
Creatine phosphokinase (CPK) elevation, with or without myoglobinuria, has been
observed experimentally as well as clinically (51). These observations strongly
support the view that phosphorus depletion should be avoided and that phosphorus
may need to be supplemented if it is possible that dietary intake may not be
5dequate.

Troops who are encapsulated in mission oriented protective posture 4 (MOPP4)
for 24 hours are fasting because current doctrine only provides for water intake in
this configuration. A soldier must find a decontaminated area or shelter before he
can remove his mask to eat. Dehydration, hypoglycemia, and ketosis can
incapacitate a soldier. A sedentary individual in MOPP4 only requires water for a
24 hour fast. A person who must work at intense levels in a hot environment in
MOPP4 could become a heat casualty very quickly and nutrient solutions or water
would be ineffective in reducing the rate of this occurrence (52). A soldier working
at a moderate workload at a Wet Bulb Globe Temperature (WBGT) of 70°F is

- subjected to high heat stresses in MOPP4. A nutrient solution might prolong his




ability to work for sustained periods of time. Comparing a 2.5%
fructose/maltidextrin solution (NBC solution) to water showed no significant
differences in endurance time (17 vs. 16 hours): however, the only subjects that were
able to finish the 24 hour test were drinking the nutrient solution (53).

In the event of a war, reservists will be called to duty and must be ready to
perform their assigned duties immediately and for a prolonged period of time. Many
reservists work in air-conditioned offices and do not exercise extensively. Rapid
transition to heavy work in a hot environment presents the very real possibility of
extensive dehydration and heat casualties that could incapacitate the unit and make
it ineffective. A nutrient solution that could replace fluid and electrolyte losses might
reduce personnel incapacitation or performance degradation from heat. Consum;;tion
of nutrient solutions may replenish vital body fluids to prevent fatigue and heat
injury.

A multipurpose nutrient and electrolyte solution that could be used for troops
encapsulated in MOPP4 for 24 hours, for enhancement of fluid intake to prevent
heat injury, and for treatment of heat casualties (exhaustion and cramps) could be
paramount to the success of military operations. A National Research Council
advisory committee recommended a nutrient solution for consumption by encapsulated
troops during a chemical/biological attack (NBC Nutrient solution) at a WBGT of
70°F and working at a moderate workload (52). See Appendix A-1 for the NBC
Nutrient Solution formulation and chemical analysis. This NBC Nutrient solution
may have military value and potential beyond its original purp'ose.such as increasing
fluid consumption and replacing lost electrolytes to prevent or treat heat injury in
unacclimated soldiers in a hot environment. Another potential use is as an oral

replacement fluid for diarrhea. The efficacy of a glucose containing oral rehydration




solution in restoring electrolyte and water deficits in patients suffering from diarrhea
is established (54,55). Using the formulation of the NBC Nutrient solution as a
foundation, the authors developed a field expedient multipurpose solution called
Armyade:l (Appendix A-2). The electrolyte concentrations were altered by adding
Mg++ and increasing the amounts of Kt and PO4 to replace potential losses in
sweat or diarrhea. At regular dilution Armyade contains the same amount of
carbohydrate as the NBC Nutrient solution but the carbohydrate source is entirely in
the form of glucose polymers (Malti Dextrin 42} instead of partially from fructose.
Several researchers (56,57) have reported gastric upset, epigastric pain, and diarrhea
when fructose (20-50 g) is the source of carbohydrate in a nutrient solution. In
comparison to glucose, glucose polymers are more rapidly emptied from the stomach,
more rapidly absorbed, and immediately available for uptake by the exercising muscle
(15.16,60). Glucose polymers also produce a lower osmolality than isocaloric
concentrations of glucose. A comparison of the energy, carbohydrate and electrolyte
content, and the osmolality of Armyade and NBC Nutrient Solution is shown in
Table 1. The sodium and chloride levels in Armyade are the same as in the NBC
Nutrient solution, potassium and POQ levels are increased and Mg++ has been
added. Armyade should meet the needs of soldiers in MOPP4 ensemble who are in
a fasting state and sweating about 0.5 liter per hour. Although a NBC Nutrient
solution is already developed, logistical considerations would dictate consolidating the
NBC solution and Armyade into one multipurpose solution. While hyperkalemia,

hypermagnesemia, and hyperphosphatemia can result from hemoconcentration from

kR ek mkhdkokkkkRk

1./ Armyade is & descriptive name derived by the authors of this report to
describe an experimental multipurpose beverage formulation. The name
should not be construed to imply official U.S. Army or Department of
Defense endorsement of this product.
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heat injury, these increases are of a modest nature. Clinically significant increases in
serum KT, Mg++. and PO4 usually occur only in the anuric subject with acute
renal failure. Since all soldiers undergo frequent physical examinations and should be
in excellent health, pre-existing renal insufficiency is not a widespread condition.
Thus. drinking Armyade or NBC solution should not result in hyperkalemia,
hypermagnesemia, or hyperphosphatemia. Armyade should be useful not only to
soldiers who are in MOPP4 but also to those who are working hard in the heat and
who may not consume 3 meals per day due to time constraints, nonavailability of
food, and/or anorexia. One packet of Armyade dissolved in a canteen of water
would provide sufficient electrolytes to replace sweat losses (Table 2). Treatment of
mild heat casualties such as exhaustion or cramps requires hypotonic replacement of
fluid and electrolytes (0.1% NaCl). Armyade contains the correct balance of fluids
and electrolytes and should be palatable enough to encourage high levels of fluid
intake (forced fluids). At double strength (Table 2). Armyade should contain
sufficient carbohydrate and electrolytes in the proper balance to serve as an oral
rehydrating fluid for treatment of diarrhea in soldiers in the field. The composition
of a commercially available carbohydrate-electrolyte beverage (Gatorade R ) is shown
in Table 2 for comparison. In summary, the purpose of the Armyade solution is to
maintain fluid and electrolyte balance in soldiers encapsulated in MOPP4, enhance

fluid intake to prevent heat injuries, treat heat injuries, and to treat diarrhea in the

field.
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OBJECTIVES
1. To evaluate fluid intake and voluntary dehydration in a hot field training
environment in soldiers who are offered NBC Nutrient solution, Armyade, or a
colored-flavored placebo in addition to water and other normally available beverages.
2. To identify and evaluate heat injury in a medical field unit by measuring Total
Qody Water, NaT levels, and blood profiles.

3. To evaluate body weight fluctuations prior to and during desert field exercises.

4, To determine the acceptability of the NBC Nutrient solution compared to water,

placebo, and Armyade in the heat.
5. To evaluate the accuracy of satellite-derived estimates of WBGT.
6. To study the relationship between fluid intake and food consumption in

prolonged heat exposure.
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GENERAL METHODS

GENERAL METHODS
The presentation of temperature as degrees Fahrenheit in this technical report is
a departure from scientific convention but was done to be consistent with current
military doctrine recommendations on heat stress in the field and instrument outputs

in the Environmental Heat Stress Section of this report.

Study Population

Volunteers were recruited from reservists of the 44th Evacuation Hospital 807th
Medical Brigade participating in a field training exercise (FTX Dusty Bull 1988} at
Fort Hood, TX duting June 1988. The Reservists were briefed on the purpose of
the study in February and March 1988 and signed Volunteer Agreement forms at
that time. Prior to the volunteers deploying from their home base, they were
assigned to one of 4 beverage groups: Armyade, Control (plain water), a colored-
flavored Placebo, and NBC Nutrient Solution (Table 3). However, they were not
notified of their group assignments and they were not given any of the test
beverages until the day after deployment. To reduce the confounding effects of
activity level, age, gender, and work experience. the assignment of volunteers to the
different groups was stratified according to military rank, gender, age, and Military
Occupational Specialty.

Two subjects did not like the flavor of their pre-assigned test beverage
(Armyade and Placebo) and refused to drink their respective test beverages after Day
1. For all intents and purposes, they had assigned themselves to the Control group.
Therefore their biochemical, hydration, food, and fluid data were analyzed with that

of other soldiers assigned to the Conttol group.
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GENERAL METHODS

Table 3. Composition and description of ad libitum fluids consumed by the test

groups
GROUP n FLUIDS ALLOWED
ARMYADE 14 TEST BEVERAGE - Armyade - 5‘7 malt_r_iextnn 5°|U§|_9,E'
with Na T ) I\/Ig PO Ca
and HC03
Water
Other fluids
CONTROL 17 TEST BEVERAGE - water
: Other fluids
PLACEBO 12 TEST BEVERAGE - Placebo - colored, flavored, artificially
sweetened solution
Water
Other fiuids
NBC i8 TEST BEVERAGE - NBC Nutrient Solution -
2.5% fru_gtose maltldextnr!*_g‘_oln
with Na ', PO Ca
Water
Other fluids
TOTAL 61

However, they rated the acceptability of their test beverages on the final

questionnaire, and therefore their demographic and fluid acceptability data were

analyzed according to their originally assigned test beverages.

The subjects in each group were allowed to consume their test beverage ad

libitum. They were free to choose ecither water, the test beverage, or other available

fluids (soda, juice, koolaid, milk, coffee, tea, etc.). However, the subjects only had

one canteen each.

They made their own decision as to what they would put into

their canteens (test beverage or water) whenever they refilled the canteens. See

Appendix A for the formulation and composition of the NBC Nutrient Solution,
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GENERAL METHODS

Armyade, and Placebo solutions. The packets of Armyade and NBC. solution powder
were issued to the volunteers two times per day. The Placebo was pre-mixed and
available to the soldiers in three thermos jugs placed before the dining tent, heat
injury treatment tent, and in the formation area. The test beverages were made
from water in the lyster bags and water buffalo. No effort was made to cool the
beverages. Water was readily available in 1 water buffalo and 3 lyster bags spread
throughout a 0.04 km2 area for the soldiers to fill their canteens or canteen cups
with water. Other available fluids were kept near their cots or in their work area.
The data collection sheets showed that some subjects alternated test beverage with
water in their canteens, however, others only put test beverage in their canteens.
Sixty-one subjects participated in this study. However, six subjects dropped out
of the study after 5 or 6 days and therefore their data could not be used for food
and fluid intake analyses (n=55). Three of these subjects had remained in the
study for a sufficient period of time that the demographic, biochemical, and final
questionnaire data were still valid {(n=58)}. Some subjects dropped out of the study
because they had to return to their home station eatly. Other subjects were
dropped out of certain analyses because the data were incomplete. In the hydration |

section, values were calculated to replace the missing data.

Study Design

Reservists were studied at their home station (Oklahoma City, OK and El Paso,
TX) pre-deployment (Day 0 AM); post-deployment (arrival at Fort Hood. TX or Day
0 PM): and during 8 days (Day 1 to 8) of field training. The field training included
an Army field training exercise (FTX) named Dusty Bull 88 at Fort Hood, TX. The

soldiers erected and lived in tents for the 8 days of the exercise. However, some of
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GENERAL METHODS

the soldiers attended classes in garrison during the day. On Day 5 of the study. all
soldiers including the test subjects were allowed to return to garrison in the
afternoon to shop at the PX, take a shower, attend movies, etc. Most of the
activities at garrison were conducted in air-conditioned bdildings. The subjects kept
records of the different foods and fluids that they consumed during this break but
urine and body weight data could not be collected for the PM period. The subjects
returned to the field by 2200 hours that night.

Two flavored 2.5% carbohydrate-electrolyte solutions, plain water, and a placebo
were studied to determine their acceptability and effects. The subjects in the
Control group were not given any special test beverage but drank water and any
other fluid that they brought to the field ad libitum as did the other three groups.
The Placebo group was included to determine the effects of the coloring and
flavoring components of the test beverages. Measurements of acceptability included a
laboratory acceptance test, final questionnaire.l quantity of fluid consumed, and daily
hedonic ratings of the beverages. See Appendix B for a complete list of the
dependent variables. The first carbohydrate-electrolyte solution was the NBC
Nutrient solution (NBC solution) which was developed by Natick Labs, on the
recommendations of a NRC advisory committee (37) for soldiers encapsulated in
MOPP4. The NBC solution was composed of a 2.5% mixture of fructose and
maltidextrin, 25.0 mEq/L of Nat, 24 mEq/L of CI', 0.02 mEq/L of KT, 0.14 mg of
MgTT. 2.0 mEq/L of PO,, and 11.3 mEq/L of Ca™t. The osmolality of the
solution was 166 mOsm/kg. To form the Armyade solution, Mg++. P04.- HC03.
and K concentrations were added or increased in the NBC solution formula and the
fructose was replaced with an equal amount of maltidextrins.  The Placebo was

colored and flavored as a low calorie (aspartame) lemon-lime drink to match the
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GENERAL METHODS

appearance and taste of Armyade and the NBC solution. The soldiers were told
that we were comparing 3 nutrient-electrolyte solutions to water. Packets for all
three solutions were labeled as lemon-lime electrolyte solutions.

The effects of deployment on hydration status were studied by taking body_
weights and collecting urine from all soldiers on Day 0 AM and Day 0 PM. Body |
weights and urines were collected two times per day for Days 1 to 8 to examine the
effects of the carbohydrate-electrolyte beverages, heat. and light-moderate activity
(including periods of more intense physical labor i.e., erecting tents on Day 0 to Day
4) on hydration status. Blood chemistries were obtained on Day 0 PM and Day 8
PM to study the effect of the carbohydrate-electrolyte solutions on serum glucose
and electrolytes. Another aspect of the study was to determine the effects of
hydration on circulatory system functions. The tilt-test was used to measure
orthostatic hypotension on Day 1 and Day 8.

Total body water and rectal temperature data were collectéd on four test
subjects presenting with heat cramp or heat exhaustion. Blood was collected at the
time of examination and questionnaires were administered to collect data on the

effects of heat illness.

Body Weights

Body weights were taken immediately before deployment (Day 0 AM) and within
2 hours of arrival at the field site, Day 0 PM (Table 4). Measurement of dail&
weights (AM and PM) began on the morning after the deployment day (Day 1 AM
and Day 1 PM) using Seca digital battery operated scales. Weighings were
conducted before breakfast and again before dinner. The subjects were weighed in

BDU pants, t-shirt, and boots. They were asked to remove their helmet, weapons.
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GENERAL METHODS

web gear, blouse, and items from their pockets. |f all weights could not be obtained

on a subject, the mean weight for all other weighings was inserted.

Urine Collection

Urine was collected Day 0 AM in Oklahoma or Texas and Day 0 PM at Fort
Hood (Table 4). Starting Day 1 the first urine upon rising (AM) and a late
afternoon (PM) urine sample were collected concurrently with body weight measures.
The twice daily collections continued for the 8 days (Days 1-8) of field training.
Urine samples were analyzed for specific gravity (TS meter) and by dipstick.
Aliquots were frozen in liguid nitrogen and transported to the U.S. Army Research
Institute of Environmental Medicine (USARIEM) for analyses of Na¥, KT, Mgt T,
and creatinine. If a subject displayed signs of impending dehydration (>3% body
weight loss and/or urine specific gravity >1.030), he/she was advised to increase his
consumption of fluids and food. Urine samples were not available from all subjects
at all collections; therefore the mean of the reading from the day before and the day
after that missing value was calculated and used for data analysis. AM urine values
were used to calculate AM values, and likewise, PM values were used to calculate
the missing PM data. This procedure was used to replace missing values because
only 5% of the urine samples were missing and the computer programs could not
haﬁdle missing data. When reporting the incidence data, only available data were

used.
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GENERAL METHODS

Blood Collection

Blood was collected from most of the volunteers twice during the test period.
The first sample was taken within 2 hours of arrival at Fort Hood (Day 0 PM). and
the second during the Day 8 PM body weight and urine collection. The blood was
centrifuged. the serum frozen in dry ice, and the samples sent to Wishard Memorial
Hospital, Indianapolis, IN for analysis. The serum samples were analyzed to obtain
serum glucose, sodium, potassium, creatinine, cholesterol, albumin, total protein,
triglyceride, chloride, blood urea nitrogen, magnesium, and phosphorus. The Kodak
Ektachem 700 blood analyzer was used to measure blood chemistries on the serum
samplés. The Dupont ACA 3 was used to determine serum magnesium and

triglyceride levels.

Fluid Temperature

Several investigators have reporlted that fluid temperature affects the acceptability
of a beverage (13.61-63), and therefore, the water temperatures were measured. The
water in the water buffalo, mess hall lyster bag, and heat tent lyster bag were
tested from Days 4-7. The pre-mixed Placebo fluids in the thermos jugs were tested
at the same time. Fluid temperatures averaged about 75.1°F for the water and
about 79.4°F for the Placebo solution. In general the Placebo fluids were warmer
than the water because the lyster bags and water buffalo maintained cooler

temperatures due to wet bulb effects and the large water mass.

Statistics
The data were analyzed using the BMDP 2V program to test for sphericity and

the 4V program for a multivariate ANOVA with repeated measures. The analyses
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GENERAL METHODS

weré run to test for differences between the 4 beverage groups and for repeated
measures differences over the 8 days. If significant differences were found, then
Tukey's HSD post hoc tests were run to determine which groups were different. [f
other statistical tests were used, the information was included in the methods
sections of the specific section. The data are reported as mean and standard error

of the mean (mean+=SEM).
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DEMOGRAPHIC DATA

DEMOGRAPHIC DATA
Physical characteristics of subjects participating in this study are listed in Table
5. The weight that was used for this table is the pre-deployment (Day 0 AM)
weight taken at their home station (Oklahoma City, OK or El Paso, TX) before the
soldiers were transported to Fort Hood, TX. Some data were missing on height
because the soldiers were unsure of their exact height or did not fill out the final

questionnaire.

Table 5. Physical characteristics of subjects.

VARIABLE NUMBER MEAN<SEM MINIMUM MAXIMUM
Age, years 61 33.6x1.1 19 51
Height, cm, 51 173.5%1.5 152.4 198.1
Weight, kg 61 75.4+2.0 415 128.2

: "
Pre-deployment or Day 0 AM weight

The demographic data were collected on the morning of Day 9 as part of the
ﬁnall questionnaire. Fifty-eight of the 61 subjeéts completed the final questionnaire.
Descriptive statistics were obtained using the Statistical Package for the Social
Sciences (SPSSx). Table 6 displays the demographic information collected from
subjects in each of the four groups. Inspection of the entries in this table reveals
considerable similarity in subject characteristics across groups in terms of age, height,
weight, sex, years of service, and distribution of ranks. In each of the groups,
approximately half of the subjects were between the ages of 18 and 34 years and

approximately half of the subjects were age 35 years or older. Males and females
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Table 6. Demographic information of subjects consuming water, a flavored
water placebo, or two nutrient solutions.

GROUPS

NTROL
(h=14)  (n=12)

A NBC

(n=15) (n=17)

AGE (years) (%)
18

under 0 0 0 0
18 - 24 21.4 8.3 6.7 176
25 - 34 214 333 40.7 35.3
35 - 44 57.1 417 46.7 35.3
45 - 54 0 16.7 6.7 11.8
55 or older 0 0 0 0
HEIGHT (inches)a 69.7 68.6 66.1 69.0
(1.3) (1.2) {0.7) (1.0)
WEIGHT (pounds)a 165.6 151 145.7 160.5
(10.1) (6.1) (7.6) (7.8)
SEX (%)
Male 50 55 47 59
Female 50 45 53 41
YEARS OF SERVICE (%)
0-5 50 417 33.3 529
6 - 10 21.4 16.7 33.3 17.6
11 - 15 21.4 8.3 13.3 5.6
16 - 20 7.1 8.3 13.3 23.9
more than 20 0 25.0 6.7 0
POINT OF ORIGIN (%)
El Paso, TX 36 33 53 24
Oklahoma City, OK 64 67 47 7
Other 0 0 0 5
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Table 6. (Continued)

GROUPS

CONTROL PLACEBO ARMYADE NBC
(n=14) (n=12) (n=15) (n=17)

DISTRIBUTION OF RANKS (%)
ENLISTED
E-1
E-2
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EXPERIENCE LIVING/WORKING
IN A HOT CLIMATE (%)

No experience 0

Slightly experienced 28.6
Moderately experienced 214
Very experienced 50.0

13.3 23.5
33.3 17.6

SN
=011 oo
Noow

TRYING TO LOSE WEIGHT (%) 23.0 17.0 40.0 24.0
TRYING TO GAIN WEIGHT (%) 0 0 7 0

Note. With the exception of height and weight. all entries in this table
are in terms of the percentage of subjects that responded to the
question.

? The mean height and weight of subjects responding with standard errors
given in parentheses.
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were evenly distributed across groups with approximately 50% of each sex in each
group. With the exception of subjects in the Armyade group, the highest percentage
of subjects in each of the categories for years of service fell into the 0-5 year
category. One third of the subjects in the Armyade group had been in the service
for 0-5 years while another third had been in the service for 6-10 years. In each of
the four groups. 40-50% of the subjects were enlisted personnel and the remaining
50-60% were officers.

Table 6 shows that the four groups were also similar in terms of the amount of
previous experience that subjects had working/living in a hot climate. The subjects
were living in El Paso, TX or Oklahoma City, OK, but they were separated into
each of the four groups. A very low percentage of subjects indicated having no
experience in a hot climate while approximately half of the subjects in each group
described themselves as very experienced. No consistent relationship was detected
between the amount of experience an individual reported and the individual's report
of having had heat-related injuries in the past. The absence of a clear relationship
here may be due to the subjects’ inability to recognize the symptoms of heat
exhaustion, dehydration, heat stroke, and heat cramps. Even while experiencing these
injuries (identified by high specific gravities, symptoms, and positive tilt test; see
Hydration Section) during the field test, many subjects may have been unaware of
their problems.

Subjects also were asked whether they were trying to lose weight. Averaged
across groups, 26% of the subjects answered this question affirmatively. While the

existence of cells with expected frequencies less
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than five did not permit use of a Chi Square analysis to examine between group
differences, the 26% overall compares well with the frequency of reported dieting

noted in other studies (64).
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METHODS

Body weights were taken about 2 hrs before the soldiers embarked {(Day 0 AM)
from their home station (El Paso, TX or Oklahoma City, OK) and within 2 hrs of
arrival at the Fort Hood field site (Day 0 PM). Body weight was obtained while
each subject was dressed in BDU trousers, t-shirt, socks, boots, and undergarments.
Sequential weights were taken identically before meals in the morning (AM) and
afternoon (PM) for the next eight days (Days 1-8) after deployment. A body weight
loss qf >3% from pre-deployment weight and/or a urinary specific gravity of >1.030
were used as indices of impending hypohydration.

Pre-labeled urine containers (about 50 ml capacity) were provided to each
subject at each collection and weigh-in for the next collection period. Individuals
were instructed to collect about 25 ml of urine. Urine was collected pre- and post-
deployment. Beginning oﬁ the morning of DAY 1, the first void urine (AM) and an
afternoon sample (PM) were collected concurrently with body weight measures.

Urine collections were made for the next seven days of the field exercise.

An aliquot of the fresh urine was assayed for specific gravity by refractometry in
a field chemistry lab. Another aliquot was taken and frozen in liquid nitrogen for
analysis of sodium, potassium, creatinine, and magnesium at USARIEM, Natick, MA.
I urinary specific gravity was >1.030 and/or body weight loss was >3% of pre-
deployment weight, individuals were encouraged to consume fluids and food. The
test beverages were not available for consumption during deployment. During the
analysis of the deployment data the subjects were categorized according to the study
test groups to ensure that no group started the study significantly different from the

other groups.
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Calculated values were generated from a subject's AM or PM values (for AM or
PM values, respectively) when a urine sample or body weight measurement was
unavailable. However, these calculated values were not used when generating
frequency distributions. A chi-square was computed to establish the relationship

between incidence of urine specific gravity >1.030 and groups.
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RESULTS AND DISCUSSION

In an earlier study (64). about 15% of the troops lost more than 3% body
weight when transportation comprised airflight and ground movement. In these same
troops, a very high incidence (40-60%) of concentrated urines occurred following
deployment.

In the present study, troops deployed by chartered bus from El Paso, Texas at
about 0230 hrs and ar-rived at the field testing site at Fort Hood, Texas around
1900 hrs. Deployment from Oklahoma City, Oklahoma to Fort Hood occurred
between 0600 and 1630 hrs of the same day. Because frequent stops for food and
beverages were made, and deployment occurred in less than one day, absence of
acute dehydrafion in many of the troops was not surprising.

Subjects were randomly assigned to the four groups prior to initial data
collection. By chance, the heaviest individuals were assigned to the Control, Placebo.
and NBC groups in which ranges of body weight were 53-128 kg, 55.5-107 kg, and
.42—%18 kg, respectively. In contrast, the heaviest individual in the Armyade group
weiéhed only 92 kg. However, differences in average pre-deployment body weights
were not statistically significant among groups. In fact, random differences in mean
body weights can be tolerated because responses were unrelated to the pre-
deployment body weight. Body weight changes and urine specific gravity obtained
within two hours prior to deployment (PRE) and about two hours after arrival at
. the test site at Fort Hood (POST) were used to evaluate the effects of deployment
on hydration status. Urinary specific gravity >1.030 was used as an initial criterion
for' hypohydration.

Average urine specific gravity for each group is presented in Table 7. None of

the groups had an average urine specific gravity that exceeded 1.030 prior to or
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following deployment. Only the individuals assigned to the Control group had a
statistically higher urine specific gravity (p<0.05) post-deployment, but the
physiological importance of this increment is minimal since the average values were

well within the normal range (1.002-1.030) expected for a random sampling (65).

Table 7. Effect of deployment on urinary specific gravity.

GROUPS

MEAN
PRE 1.021 1020 1019  1.022  1.020
DEPLOYMENT +0.002 +0.002 +0.002 +0.002 +(.001
POST 1.020 1.023° 1020 1019  1.021
DEPLOYMENT +0002 0002  +0.002 20002  +0.001
NUMBER OF
SUBJECTS (14) (17) (12) (18) (61)

Values are mean:1SEM.

* Indicates significant difference (p<0.05) between pre- and post-deployment.

No statistical differences were noted in urine specific gravity among the four
groups either pre- or post-deployment. For this reason, the values from all four
groups were combined and their observed incidences were plotted as frequency
histograms in Figure 1 for both pre- and post-deployment. These data show a
similar distribution and average value for urinary specific gravity, pre and post-
deployment. These frequency distributions indicate that hydration varies quite
remarkably between individuals even when activity is limited, and also that: not all

individuals were optimally hydrated. Four subjects (8%) pre-deployment and
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Figure 1. Urine specific gravity pre- and post- deployment
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six subjects (11%) post-deployment had concentrated urines with specific gravities
exceeding our criteria for impending hypohydration. These data support the finding
that soldiers riding all day in tanks or trucks do not rehydrate as well as hen |
sitting in the shade and drinking voluntarily (66).

The frequency distribution (Figure 2) of body weight changes for all soldiers
demonstrates the variability in change of body weight (ranée: -2.75 to 2.15%)
during the deployment phase. The second criterion of hypohydration was loss of
>3% of pre-deployment body weight. Table 8 shows the mean body weights for
all four groups before and after deployment as well as the percent body weight lost
during the deployment. The average body weight data also confirm that acute
dehydration did not occur in any group during deployment. None of the differences
in body weight were physiologically significant and no group had a weight loss
>3% during the deployment.

Normal values for creatinine ordinarily range between 0.8 g/dl and 2.0 g/dl inl
24 hour urine collections, whereas urinary sodium and potassium values are
correlated with dietary intake (65). Table 9 shows the values obtained for sodium
and potassium during the deiployment day. While there were no significant
differences between pre- and post-deployment values for subjects assigned to (but
not consuming during deployment) the Armyade and NBC solution groups, the
subjects assigned to (but not consuming during deployment) the Control and
Placebo groups showed an increase in sodium (and for the Control group an
increase also in urinary potassium) that resulted in corresponding significant

decreases in urine sodium to potassium ratios pre- to post-deployment. Decrements
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EFFECTS OF DEPLOYMENT

Table 8. Effect of deployment on body weight (kg).

GROUPS
RVIVADE CONTR TACEBO VEAN

PRE 68.4 78.4 74.9 785 754
DEPLOYMENT +3.1 +4.9 +4.2 +3.7 £2.0
POST 68.6 785 75.0 78.9" 75.6
DEPLOYMENT +31 +4. +4.1 +3.7 2.0
% CHANGE IN |

BODY WEIGHT 0.3 0.1 0.2 0.5 0.3
FROM PRE +0.2 +0.2 +0.3 +0.3 +0.1
NUMBER OF

SUBJECTS 14 17 12 18 61

Values are mean=1SEM.

* Indicates significant difference {p<0.05) between pre- and post- deployrﬁent.
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Table 9. Effect of deployment on urinary sodium and potassium (mEq/L).

GROUP

ARMYADE CONTROL PLACEBO NBC MEAN
(n=14)  (n=17)  (n=12)  (n=18)  (n=61

SODIUM (Na™)

PRE- 152 121 127 130 132
DEPLOYMENT +14 +18 +14 +15 + 8
POST- 139 147* 152* 130 141
DEPLOYMENT +18 +16 +16 +14 + 8

POTASSIUM (K™)

PRE- 46.0 43.5 35.5 48.4 43.9
‘DEPLOYMENT +7.4 +6.7 +5.8 +7.0 +3.4
POST-- 40.0 66.9* 48.2 56.8 54.0%
DEPLOYMENT +5.2 +7.3 25.0 +8.0 +3.6

Nat/KT RATIO -
PRE- 4.14 3.78 4.23 3.53 3.88

DEPLOYMENT +0.60 +0.59 +0.64 +0.61 +0.30
" POST- 3.58 2.48% . 3.31% 2.97 3.04%
DEPLOYMENT +0.32 +0.44 +053 033 %0.20

Values indicated are meanz1SEM.

* Indicates significant difference (p<0.05) from pre-deployment.
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in sodium to potassium ratios may be indicative of developing hypohydration as Na™
becomes conserved (67). Since none of the groups consumed their assigned test
beverage during deployment, the increased urinary sodium most probably reflected the
increased salt intake from frequent food stops enroute to the deployment site.
Table 10 shows that urinary creatinine concentrations were genéfally consistent

among groups and from pre- to post-deployment.

Table 10. Effect of deployment on urinary creatinine (g/dl).

GROUP
ARMYADE CONTROL PLACEBO NBC MEAN
(n=14) (n=17) (n=12) (n=18) (n=61)
PRE- 0.19 0.18 0.16 018 0.18
DEPLOYMENT  +0.02 +0,03 +0.03 £0.02 +0.01
POST- 0.17 0.20 0.17 0.18 0.18
DEPLOYMENT 20.03 +0.03 £0.02 +0.03 +0.01

Values are meanz1SEM.

The majority of the 61 subjects lived and worked in Oklahoma City, OK. The
soldiers from El Paso, TX were distributed among the four different test groups so
as not to bias the data due to area of residence. The only significant difference in
hydration indices based upon the point of origin (Table 11) was the significantly
higher (p<0.05) urinary potassium for the post-deployment sample for the El Paso,
TX group compared to the Oklahoma City, OK group. This high level may reflect

losses due to more frequent food stops, the longer distance deployed, and perhaps
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EFFECTS OF DEPLOYMENT

greater hypohydration during deployment compared to the Oklahoma group. No

significant differences were noted between pre- and post-deployment in either group.

CONCLUSIONS
In general, fluid and food consumption during the day of deployment was

sufficient to maintain body weight and adequate hydration in most troops.
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ENVIRONMENTAL HEAT STRESS LEVELS

METHODS

Prevailing heat stress levels, measured in terms of Wet Bulb Globe Temperature
(WBGT) index, were monitored throughout the test period 6-13 June 1988. WBGT
measurements, using the standard WBGT apparatus (68), and sling psychrometer
readings were taken at half hour intervals during the daylight hours. Instantaneous
and average windspeed and relative humidity were continuously recorded using a
battery operated portable weather station (Met Set 4B, MET ONE. Inc.).

WBGT measurements also were made by 44th Medical Evacuation personnel
using the WBGT Kit (NSN 6665-00-159-2218). These readings were disseminated to
local units through the communications network.

Additional WBGT measurements were taken to more rigorously document the
temporal (minute-to-minute) and spatial (place-to-place) variation in the level of heat
stress experienced by the soldiers across time as they moved about within the
trainiﬁg area. An array of 7 electronic WBGT data loggers (hs-371. Metrosﬁﬁics
Inc.) was deployed within a 1 km2 section of the training area which included the
hospital location. Time indexed WBGT data from the 7 data loggers were obtained
at 1 minute intervals.

Area WBGT assessments were made using data obtained from National Oceanfc
and Atmospheric Administration (NOAA) polar orbiting satellites and remote-sensing x
methods currently under development by USAMRDC (SBIR Contract No. DAMD-
17-86-C-6004, Gulf Weather Corporation, Bay Saint Louis, MS).

To present the results in a form that is familiar to those having field experience
with military heat stress measurements and to be consistent with current doctrine
specifications and instrument outputs, degrees Fahrenheit and quarts per hour were

used as units of measure on charts in this section.
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RESULTS AND DISCUSSION

Heat Stress Conditions During the Test Period.

Table 12 shows maximum Dry Bulb and WBGT temperatures, and sky and wind

conditions for each of the test days.

Table 12. Maximum dry bulb and WBGT temperatures and sky and wind conditions?.

Day Max Dry Bulb (°F) Max WBGT (°F) Sky Wind (mph)
91.4 83.3 pt. cloudy 1-5
941 85.9 pt. cloudy 1-10
97.0 85.7 clear 5-15
101.0 90.3 clear 3-10
87.9 79.3 clear 3-15
87.6 79.4 clear 1-7
89.5 785 clear 2-15
88.4 82.3 pt. cloudy 1-12

ONOANEWN =

3As measured by standard WBGT apparatus described in Reference 68 within 0.5 km
radius of the hospital tents.

Appendix C, shows daily WBGT profiles in relation to doctrine-based water consumption
guidelines and work/rest cycle limits (69,70).

The most severe environmental heat stress ;)ccurred on day 4, when WBGT values
exceeded the 82°F threshold for more than 9 hours (1000 hrs - 1930 hrs), and the
maximum WBGT for the day reached 90.3°F. From day 5 through day 8 the daily
maximum WBGT remained below 82.3°F. With the exception of days 2 to 4, the test
period would have to be characterized as one of low environmental heat stress and

below the normal temperatures expected for Fort Hood, TX in the month of June.
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Spatial and Temporal Uniformity of the Heat Stress Environment.

Although the half-hourly standard WBGT readings were taken approximately 50
meters away from the nearest tents to minimize wind shadow effects, it is clear from
the WBGT profiles that the passing clouds and windspeed fluctuations had a striking
effect on the WBGT profiles for days 1,2, and 8. Since doctrine-based guidefines are
issued on the basis of a single WBGT measurement, made typically on the hour or half
hour, it is worthwhile to examine how well a single, discrete WBGT reading represents
conditions during the next measurement interval, and also, how well it represents
conditions some distance from the measurement site.

‘Table 13 illustrates the temporal and spatial variation associated with the 1430 hrs

reading on day 2 using 1 minute interval data from the Metrosonics WBGT meters.

Table 13. Temporal and spatial variation of the WBGT ‘environment, Day 2.

VARIATION
TEMPORAL* SPATIALFF TOTALY**
N: 30 7 210
Range: 78.5-83.7 78.4-83.7 77.5-84.7
Mean: 79.9 81.7 79.9 -
SD: 1.5 *1.8 +1.6

* 1 minute interval readings, 1430-1459, centra! site.
** 1430 reading at central and six outlying sites.

*** { minute interval readings, 1430-1459, at centra! and six outlying sites.

The standard WBGT apparatus at the centra! site provided a reading of 84.5°F at

1430. {The co-located electronic WBGT logger was reading 83.7°F at that time.) In.
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comparison to the spatially and temporally averaged WBGT logger values for the 1 km2
area over the next 29 minutes, the standard half-hourly reading misrepresented average
conditions, in this case, by approximately 4°F. Since a single point measure of WBGT
every half hour per km2 of troop activity probably represents a practical limit for
environmental monitoring at the unit level, other approaches to augment or improve

point-measurement capabilities in operational settings merit consideration.

Satellite Remote Sensing of the Heat Stress Environment
Table 14 shows a comparison of the satellite-derived WBGT with the nearest

minute WBGT measurements from the loggers.

Table 14. Comparison of satellite-derived WBGT with contemporary surface level
measurements.

DAY TIME SATELLITE/ORBIT# SATELLITE MEASURED DIFFERENCE
, W

BGT WBGT
0 9:04 NOAA 10/8913 75.4°F 68.8°F 6.6°F
1 8:42  NOAA 10/8927 70.9 69.4 1.5
2 17:21  NOAA 9/17965 80.1 82.5 2.4
3 9:39  NOAA 10/8956 75.8 75.1 0.7
17:16  NOAA 9/17979 81.1 84.9 -3.8
4 9:17  NOAA 10/8970 78.9 79.5 0.6
17:05  NOAA 9/17993 81.6 85.7 -4.1
20:34  NOAA 10/8977 75.2 78.2 -3.0
5  16:54  NOAA 9/18007 74.9 78.6 3.7
6 16:42  NOAA 9/18021 73.1 77.4 4.3
7 16:331  NOAA 9/18035 68.0 73.1 5.1

For the eleven satellite passes in Table 14, the average difference between the

satellite-derived and surface WBGT measurements was -1.8°F (too low) and the
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standard deviation around that bias was +3.7°F. Work is in progress to identify
those satellite-derived WBGT components responsible for the generally low estimates
of WBGT at Fort Hood, and the necessary adjustments will be made to the
respective algorithms. Nevertheless, in the context of the inherent uncertainty in the
‘ground truth’ measurements themselves (spatial variation +1.8°F, logger accuracy
specification :I:O.9°F) these results are remarkably good. We conclude that the
satellite remote sensing methods currently being developed under the SBIR contract
with Gulf Weather Corporation performed very well at Fort Hood. The full
developr}lent of this methodology will offer dramatic improvements over existing

capabilities for heat stress assessments in training or operational settings.
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METHOD

Four cases of mild heat exhaustion and heat cramps were studied. Heat stroke
patients (requiring evacuation) did not exist and were not studied. Rectal
temperatures, symptoms, and neurological status were obtained as soon as each
subject appeared at the air-conditioned treatment tent (Table 15) according to a pre-
determined protocol. All heat exhaustion and heat cramp patients had 2 blood
samples drawn to determine Na© depletion and total body water {TBW) via stable
isotope dilution procedures. A 16 ml sample of blood was drawn, the subject was
asked to drink 100 ml of a deuteurated water (D,0) dose, and an additional 16 ml
sample of blood was drawn 2 hours post-dose. In addition to the D2O measurement,
the first blood sample was analyzed for total protein, hematocrit, BUN, Na+. K+. cr
. Mgt T, cat™, osmolality, creatinine, CPK, LDH, SGOT. and SGPT. Total body
water also was measured by pre- and post-dose urine and saliva collections. Twenty-
four hour urine samples were collected from all heat injury patients. Each subject |
was asked to complete 6 questionnaires during recovery. These questionnaires
requested data on health history (life); personal characteristics (height, weight, age,
PT test score); exercise history; heat exposure history (30 days); environmental
symptoms; and pre-disposing factors. After the field exercise ended, all heat

casualties were contacted by mail, with follow-up questions.
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INCIDENCE OF HEAT ILLNESS

RESULTS and DISCUSSION

Specific results regarding the total body water and blood chemistry values of the
four heat exhaustion patients will appear in a separate technical report. Howevelj._'
records of heat illness admissions were maintained during the study plus one extra
day; these appear in Table 16. The heat injuries consisted mainly of soldiers from
units other than the 44th Evacuation Hospital (i.e.. other units of the 807th Medical
Brigade and tank units in the area) who were transported to the 44th Evacuation
Hospital for treatment. This occurred because the 44th Evacuation Hospital served as
a triage point for all heat illness (except heat stroke) during the FTX Dusty Bull 88. "
The heat illness admissions to the 44th Evacuation Hospital heat treatment tent were
categorized as either {a)} heat cramps, (b) non-specific heat effects, {c) mild heat
exhaustion/dehydration, (d} heat exhaustion, or {e) heat syncope. The obviously high
incidence of heat illness on Day 4 coincides with the high dry bulb and WBGT values
recorded on that day {maximum dry bulb 101°F, category IV, maximum WBGT
90.3°F). Progressive dehydration and fatigue may have played a role in the large
number of admissions on Day 4; however, they did not alter the number of
admissions on Days 5-9.

A total complement of 268 Reservists of the 44th Evacuation Hospital reported'to
Fort Hood. Some of these reservists are included in Table 16 but additional data
from the entire period of the FTX indicated that ten soldiers were treated for heat
illness (3.6%). Three of the sixty-one subjects participating in the study were
admitted for mild dehydration and seven of the 207 non-study soldiers were admitted
for mild to moderate dehydration. The three study subjects were assigned to three
different study groups, therefore there was no relationship between test beverages and

the incidence of hospital admissions for mild dehydration.
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Table 16. Heat illness admissions at the 44th Evacuation Hospital.

DAY  HEAT NON-SPECIFIC MILD HEAT HEAT HEAT
CRAMPS HEAT EFFECTS EXHAUSTION/ EXHAUSTION SYNCOPE
DEHYDRATION

OO~ WN =

1 1"+
% 1
5 5 3
1 1
Total 0 6 6 4 2

* - full measurements (blood. total body water) attempted

+ - including heat cramps
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FLUID CONSUMPTION

METHODS
One of the purposes of this study was to test the acceptability of the test
* beverages by allowing the subjects free choice on the types and amounts of fluids
that they could consume. The subjects in all four test groups were allowed to
consume water and other fluids ad libitum. The Control group used plain water as
its test beverage whereas the other three groups were given Armyade, the NBC
solution or a Placebo to drink ad libitum in addition to water and other available
fluids.

To determine if the test beverages were encouraging fluid intake, the soldiers
were given fluid intake cards to record the number of canteens of each fluid (water
and test beverage) consumed. The subjects were asked to record all other fluids
that they consumed between meals (e.g.. soda, tea, koolaid, etc.) on these cards.
Because the data are not 100% complete, means were calculated and used to replace
missing values for the data analysis of daily total fluid consumption only (Table 17).
Approximately 2% of the 1705 data collection forms for total fluid intake data were
missing values. Data were collected from: a) breakfast meals served by food
service personnel; b) dinner meals served by food service personnel (dinner changed
to lunch on day 5): c) self-reported forms at 0530 hours that covered the period
from 1630 hr of the previous day to 0530 hours (PM card): and d) self-reported
forms at 1630 hours (AM card) that covered the period from 0530 hours that
morning to 1630 hours (except Day 5 when the data from the AM and PM cards
were combined and collected at 0530 hours on Day 6). The procedure of using
calculated means to replace missing data was not possible for other analyses (e.g..
energy intake, sodium intake, etc.), and therefore the values in Table 17 do not

exactly match other tables. The cards were issued and collected at the AM and
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PM weighings. Information on fluid intake at the two hot meals served by Food
Service were collected by the nutrition data collectors. Information on fluid intakes
during the lunch period were recorded on the fluid intake cards. A rating scale was
included on the fluid intake card so the soldiers could rate the acceptability of the

solutions daily (Appendix D).
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RESULTS AND DISCUSSION

Daily Total Fluid Consumption

The mean intake of fluid was 4672+104 ml/day with iﬁdividual intakes ranging
from a minimum of 705 ml on Day 5 for one subject in the Armyade group to a
maximum of 13,770 ml on Day 4 for a subject in the Control group. On each of
the eight days the subjects in the NBC group consumed the most fluid with a mean
intake of 5241195 ml/day while the subjects drinking Armyade consistently tended
to consume the least at 4097+185 mi/day. During the Brigh‘t Star field exercises
(71), subjects consumed about 1344-4224 ml of plain water from their canteens in
the 8 hour period that covered the hotiest part of the day. The units were
participating in desert field exercises where the WBGT ranged from 81.0-86.0°F as in
the present study. The mean intake for a 24-hour time period in the present study
was similar to the water intakes during a shorter 8-hour period for the medical,
engineer, and Marine units that were engaged in light activity.

A one way analysis of variance of total daily fluid consumption for each man-
day (440 man-days in 4 groups) showed significant differences (p<0.001) between
groups (Table 17 and Figure 3). Essentially, the subjects in the NBC group
consumed signficantly greater amounts of fluid than those in the Armyade group.
This difference in fluid intake is clearly related to similar differences in daily hedonic
ratings and in hydration status. Briefly, the NBC solution had a significantly higher
hedonic rating and a lower incidence of hypohydration as measured by specific
gravity > 1.030 than the Armyade group {See Hydration Status section).

A repeated measures analysis of variance by group and across days showed a
clear day effect (F(7.45)==5.69, p<0.001), no strong group differences
(F(3.51)=0.95, p=0.42), and no evidence of a group by day effect. See Table 17
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Table 17. Daily total fluid intake {ml/day).

GROUPS

DAY ARMYADE CONTROL PLACEBO NBC MEAN

(n=13) (n=15) (n=11) (n=16) (n=55)
1 3400365 5121+648 4856358 5926703 4895312
2 4260524 5042846 5024638 5300401 4928+310
3 4420474 A734x627 4592+736 5567+660 4876+314
4 4611578 5374+712 5397454 6068+607 5400+310
b 3729470 3972+619 3648+333 4483x421 3998+243
6 4704652 4100+594 5130440 5248447 4783+273
7 3674500 4446723 4403447 4887517 4383+288
8 3970+589 4037+558 3903x402 4448558 4114+269
;tSE 40971857 46032235 4619178 52415:195b 4672104

Means with unlike superscripis differ, p<0.05.

for a summary of the group by day means and standard errors. In particular, note
the day to day rank order of the NBC and Armyade values and how that is
ultimately reflected in the 1.2 L/day difference in their ‘overall average fluid intakes.
While the general F test (F(3.51)=0.95, p=0.42) is not significant, due primarily to
small numbers of individuals in each group many of whom behaved drastically
differently from one another, it is still the case that the signficant difference
(p<0.001) between the NBC and Armyade group found in the one way analysis of
variance is valid.

As mentioned, there was a significant difference (F(7.45)=5.69. p<0.001) over
time (Table 17). Except for the Armyade group, fluid intake increased to its highest
level on Day 4, the hottest day of the study, then decreased to its lowest level on

Day 5 as the temperature decreased. The amount of fluid consumed by all groups
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except the Armyade group decreased significantly on the 5th day. This decrease

may have been due to the drop in temperature, to the fact that the subjects were
given half a day off to return to garrison where they had access to air-conditioning,
or to the fact that the subjects were fatigued and did not make an effort to drink.

Estimates of the daily fluid requirements from 0800-2000 hours for the present
study period can be found in the Environmental Stress Section of this report. The
recommendations for fluid intake (App,end_ix C) are based on military doctrine and
show that generally: <1/2 a quart of water/hr was required on Day 1, about 1/2-1
quart/hr on Days 2 and 3, and >1.5 quarts/hr on Day 4 for the critical 12 hour
period when the environmental stress conditions were high. Converting the above
quarts/hr to L/hr and using a rate of 0.3 L/hr for WBGT less than 82°F, the
intakes for the 12-hour period from 0800-2000 hours for the 8 days should have
been: 3.8, 4.4, 5.0, 10.1, 3.6, 3.6, 3.6, and 3.6 L, respectively. The 24-hour fluid
intake for the NBC group exceeded the minimum fluid requirements for all days
except Day 4. The 24-hour intakes for the other groups (Armyade, Placebo, and
Control) did not meet the 12-hour recommendations about a third of the days. The
majority of these deficient days occurred around the hottest days (Days 3 and 4),
and the incidence of hypohydration was highest (“33%) at'that time for the Control
(water) and Armyade groups (See Hydration Status Section).

The subjects drinking the NBC solution did not appear to have any
gastrointestinal problems with the fructose in t.he solution. The mean intake for the
NBC Nutrient solution was 5241+195 mi/day. There were no reports of gastric
upset. epigastric pain, or diarrhea due to the coﬁcentration of fructose (1.4%) in the

solution.
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In the Armyade, Control, and Placebo groups the males drank significantly more
daily total fluid than the females F(1,47)=12.39, p<0.00i) (Table 18). The
interactions of group. sex, and days were not significant (F(21,118.28)=0.77,
p<0.74); all four groups were increasing and decreasing their fluid intake in similar
patterns. One reason for the significant differences between males and females could
be the differences in body weight with the males generally weighing more than the
females. When the daily total fluid was normalized to the weight of the soldier,
there were no significant differences in terms of groups, the interaction of groups
with gender, or tI;e interaction of group by day (Table 19). However, the fluid
‘intake was sigaificantly different for gender {p<0.05) and over time (p<0.01). See
Appendix E for information on the analysis of tofal {luid intake standardized by body
weight. Normalizing fluid intake by weight showed the males drinking more than
females (p<0.05) and all soldiers drinking more on the hottest day of the study
(Day 4).

Test Beverage Acceptability Determined by Consumption

The subjects were allowed to bring any beverage to the field exercise. Since
they could drink any of the available fluids in any amounts and at any time, the
amount consumed was used as a direct estimate of acceptability. The average daily
amount of fluid consumed was partitioned into Water, Colored Flavored Test
‘Beverage (CFTB). and Other to determine the relative acceptability of the different
test beverages during extended worle in the heat (Table 20 and Figure 3). The
CFTBs were Armyade, NBC Nutrient solution, and placebo for their respective
groups. The test beverage for the Conirol group had been plain water up to this

point in the discussion, but for this special analysis, the Control group had no
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Table 19. Daily total fluid intake normalized to body weight (ml/kg).

VARIATE MEAN

SEM p
(ml/kg)
Grand Mean 62.3 1.3 0.0001
Group 0.56
Armyade 59.7 2.4
Control 58.1 2.5
Placebo 63.9 2.5
NBC 67.1 2.7
Gender 0.04
Male 67.0 1.8
Female 57.7 1.8
Group by Gender 0.21
Day 0.001
Day 1 66.7 4.0
.2 67.4 4.0
3 65.2 3.9
4 72.5 3.7
52 49.4 2.7
6 64.4 3.4
7 57.0 3.7
8 55.5 2.9
Day by Group 0.90

AAfternoon off

CFTB. ‘Because of the empty cell for CFTB for the Control group, one way

analyses were run between groups and between Water, CFTB, and Other to test for

statistical significance.

CFTB than Water or Other fluids for the Armyade, Placebo, and NBC groups.

A comparison showed significantly (p<0.001) larger intakes of

The

pattern of significant differences was the same for the overall means with the Water,
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Table 20. Average daily fluid intake (ml/24 hr) partitioned into type of beverage
consumed.

GROUPS
ARMYADE — CONTROL — PLACEBO  NBC
(n=13) (n=15) (n=11) (n=16)
WATER 480:642P 293012349 256752 9651140
crra! 21131599 .2 2074+188¢ 2557152
OTHER 1477+95° 1580+82° 130667° 1592+76°

1CFTB - Colored Flavored Test Beverage (Armyade, placebo, and NBC Nutrient
solution).

2Since water was the test beverage for the Control group, the CFTB cell is empty
for this categorization only.

Within a row or column, Means with unlike superscripts differ, p<0.05.

CFTB. and Other values being signficantly different from each other at 1245+90,
2527297, and 1505+41 mi/24 hr, respectively. The mean intake of CFTB was 4
times as much as the Water intake for the Armyade group, 10 times for the Placebo
group, and 2.5 times as great for the NBC group. In terms of the different fluid.
groups (Water, CFTB, and Other). the amount of Water consumed by the Control
group was significantly greater than by the Armyade, Placebo, and NBC groups.

This might be expected since the Control group had no CFTB. The subjects in the
Placebo group drank significantly more CFTB than the subjects in the Armyade
group suggesting that the flavor of the Armyade beverage was not as acceptable and
probably affected the daily total fluid consumption. The amount of Other fluids

consumed was not statistically different between the 4 groups. For the groups that
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had the CFTB, the intakes of CFTB plus Other fluids were much greater than Water
intake. It appears that when given a choice, soldiers preferred and drank .
significantly more colored and flavored beverages (CFTB and Other) than plain watej.
The intakes of all CFTBs were significantly greater than the Water and Other fluids
suggesting a greater acceptability of this type of beverage under light-moderate
activity and moderate heat conditions.

When the Control group was given the chance to drink the Other fluids ad
libitum to make up for not having a CFTB, they appeared to prefer plain water.
Their intake of Other types of beverages was approximately the same as that of
subjects in other groups (p<0.07). The subjects were given the freedom to drink all
the Other fluids that they wanted: however, a reason for the Other fluids being
approximately the same for all four groups could be the limited amount of Other
fluids that could be obtained and stored in the field.

One subject in the Control group drank unusually large amounts of water. His
daily intake of water for all but one day was more than two standard deviations
outside the mean, ranging from 6720 to 13440 ml/day. His data increased the mean
water intake of that group to 2930+234 ml/day from 2419+158 ml/day. If his data
had not been used, the average water intake for the Control group would have been
much lower.

The daily hedonic ratings of the Armyade, Placebo, NBC solution, and water
consumed by the Control group were obtained from the AM and PM fluid intake
cards. The ratings were not statistically different over time and therefore they were
pooled for analysis (Table 21). The 9-point Hedonic Rating Scale showed that the

Armyade, Control (water), Placebo. and NBC solutions were rated at 5.1, 6.5, 6.6,
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Table 21. Hedonic ratings of test beverages.

ST BEVERAGES
ARMYADE CONTROL(WATER)! PLACEBO NBC
N o1 208 86 123
Daily Rating  5.120.2° 6.5:0.1° 6.6+0.1°¢ 6.740.1¢

MNote. Mean acceptability ratings are based on a 9-point hedonic scale
where 1 = dislike extremely, 5 = neither like nor dislike, and
9 = like extremely.

1Includes water ratings from Control group only.

Means with unlike superscripts differ, p<0.05.

and 6.7, respectively. Armyade was rated significantly lower (p<0.001) than the
placebo, NBC solution, and water (Control group only) at "neither like nor dislike.”
The NBC, Placebo, and Control (water) beverages were rated between “liked slightly”
and "liked moderately” by their respective groups. The NBC group rated the NBC
Nutrient solution signficantly higher than the water group rated Water but the
difference was less than one rating point. The data in Tables 17 and 21 appeared
to follow the hedonic rating trends with the rating for Armyade being signiﬁcantly
less than the other test beverages and also the least consumed. It appears that the
acceptability ratings of beverages can significantly affect their consumption.
Considering that the Placebo solution was always several degrees warmer than
the Water and several studies (62.63) have shown that cooler beverages are more
acceptable, the relative intakes of test beverage and water by the Placebo group

clearly show the greater effect of coloring and flavoring on beverage selection (i.e.,
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_I?_Iacebo_subjects chose to drink approximately 10x more colored flavored water than
‘plain water). The subjects in the Armyade. Placebo. and NBC groups drank an
average of 2527+97 ml of test beverage per day compared to 567 ml of plain water.
Including the water drunk by the Control group only increased the mean water intake
‘to 1245:90 ml/day. The subjects were drinking a mean of 2113+159 ml/day of
Armyade ranging from a minimum of 0.0 ml/day to a maximum of 7200 mi/day.
Of course, one of the subjects in the Control group drank about twice as much fluid
with the intake on one day as high as 13,770 ml/day of Water and Other fluids.
Dividing the total amount of test beverage consumed by the total quantity of
fluid consumed gives a method of standardizing the amount consumed so that
comparisons are possible. The trends of the ratios of test beverage to total fluid
consumed also show that the test beverages were acceptable. About 65% of all
" fluids drunk by the Placebo group was test beverage (Figure 4). For the Armyade
and NBC groups the subjects drank smaller amounts or about 50% of their fluids as
test beverage (Appendix F). The ratios fluctuated, but the percent of test beverage
drunk by the Placebo group was consistently higher than for the other groups. The
subjects in the Armyade, Placebo, and NBC groups drank 11.8, 5.6, and 18.9%,
respectively, of their total daily fluid intake as water (Table 20), whereas the Control

" group drank 65% of the total daily fluid as water.
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ACCEPTABILITY OF TEST BEVERAGES
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METHODS

Laboratory Acceptance Test

Subjects. Test subjects were randomly drawn from a volunteer pool of
approximately 450 civilian and military employees of the United States Army Natick
Research, Development and Engineering Center (Natick) who comprise the Sensory
Analysis Section’s Consumer Acceptance Panel. Of the thirty-seven subjects who
served in this test, 51% were male and 49% were female. Ages ranged from 18 to

39 years. All subjects were naive to the purpose of the study.

Samples. Test samples consisted of the NBC solution, Armyade, the placebo
solution (NBC Control), Crystal Light2 (sugar free, lemon-lime flavor; General
Foods, Inc., White Plains, NY) and Gatorade Thirst Quencher Lemon-Lime Drink®3
(Stokely-Van Camp, Inc., Chicago, IL). All powdered products were prepared
according to manufacturer’'s or other specified directions, using distilled deionized
water. Gatorade. which was bottled in liquid form, required no preparation before
use.

All solutions were prepared 24 hours before use and stored in a refrigerator at
41°F. In addition all solutions were maintained and served at 41°F by placing them
in metal containers that were embedded in chipped ice throughout the test. The
beverages were served in the laboratory at 41°F because chilled beverages tend to be
better accepted (13,61-63). Beverages were not chilled in the field; however, the
difference between the beverage temperature and the ambient temperature may affect

Eokdckdobkdkkdokkkdkkkk

2./ Crystal Light ® is the proprietary trademark of General Foods, Inc., White
Plains, NY. Hereafter, the product will be referred to as Crystal Light.

3./ Gatorade ® is a proprietary trademark of Stokely-Van Camp, Inc., Chlcago,
IL. Hereafter, this product will be referred to as Gatorade.
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ratings and therefore efforts were made to create an artificial difference of about
20-30°F that would match the difference between beverage temperature and ambient
temperature in the field. Samples consisted of 2 fl oz of solution served in a 5 fl

oz polypropylene cup.

Procedure. Panelists were tested in individual sensory testing booths. Ambient
temperature was approximately 70°F. The five test samples were presented
“sequentially and in random order to each subject. Samples were served through a
port located in the front of the test booth. Subjects were instructed that upon
receipt of the sample, they were to drink the contents of the cup and to rate the
solution on each of the following hedonic and sensory attributes: overall
acceptability, acceptability of color, acceptability of flavor, degree of thirst quenching.
saltiness, sourness, and sweetness. The three acceptability ratings were made using
a 9-point hedonic scale (72) where 1=dislike extremely, 5=neither like nor dislike,
and 9=like extremely. The four intensity judgments were made using a 9-point
category scale of intensity where 1=not present, b=moderate, and 9=extreme.

All questions and scale options were presented to subjects on CRT screens
located in each test booth, and they responded by typing entries on a computer
keyboard. Subjects were instructed to rinse their mouths with distilled deionized

water between samples, and a thirty second inter-stimulus interval was maintained.

Field Study Final Questionnaire

Procedure. The final questionnaire (Appendix G) was administered to the test
subjects in the field on the morning of day 9. The purpose of including a final

questionnaire was to obtain the subjects’ opinions on general aspects of the test
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beverages consumed during the exercise. The final questionnaire also asked for

acceptance ratings of water and the test beverages. SPSSx was used to analyze the

data collected with the final questionnaire.
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RESULTS AND DISCUSSION

Laboratory Acceptance Test

Test beverage acceptance. Table 22 lists the means and standard errors of the

ratings given to the five products. One-way analyses of variance with repeated
measures (program ANOVSUBJ, version 1.3, 1980. L. Klarman) were performed for
each rating scale to determine whether there were any significant differences among
the products. Significant differences, as indicated by the F-ratios in Table 22, were
fou.nd on all scales except acceptability of color. Significant F-ratios were followed
by post _hoc Duncan LSD tests to identify the products which differed from one
another.

Armyade was significantly less acceptable than the NBC solution, both overall
“and in terms of acceptability of flavor. Armyade was also rated as significantly less
thirst quenching. Armyade and the NBC solution were rated equally salty and sour,
but the NBC solution was perceived as significantly sweeter. Thus, the difference in
acceptability between Armyade and NBC solution may be due to the rather large
difference in sweetness. On the other sensory dimensions tested, the two products
did not differ.

The saltiness of the Armyade and NBC solution undoubtedly contributed to their
lower acceptability compared to the cvommercial products. On the other hand. the
placebo was rated no saltier than the commercial products, but was also significantly
less acceptable. The placebo did not differ from Armyade in overall acceptability,
acceptability of flavor, degree of thirst quenching, or sweetness. The placebo was
perceived as significantly less salty and less sour than Armyade. The placebo
seemed in general to be characterized by a weak flavor, rating low on saltiness,

sweethess, and sourness.
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Table 22. Acceptability Ratings of Five Beverages Used in Laboratory Acceptance

Test.
Crystal Gatorade Placebo  Armyade NBC  F(4.144)
Light .
Overall 5782  5.32° 319P¢  251C 384> 2873
Acceptability (.29) (.25) (.32) (.26) (.31)
Acceptability  5.657  5.46° 3.16° 2.43° 400  27.65*
of Flavor (.31) (-23) (.32) (.26) (.31) |
Acceptability  4.432 4.892 5.00° 4.84° 5.032 0.96
of Color (30)  (30) (:31) (:34) (33)
Thirst 4920 5142 3.16"¢  2.68P 368  18.41*
Quenching (-31) (.31) (.26) (-26) (.34) :
Saltiness 3432 370% 3.14° 5.51¢ 4.62°¢  7.40*
(31)  (33) (.39) (.40) (:42)
SonrHESS ?.27; :(1.54)*’ ?.os)c ?.gz)bd :(4,.652)“" 10.04*
27 28 36 41 3
Siveetfiess 4682  4.62° 2.46P 3.08P 4817  14.86*
(37) (29 (:26) (:32) (.28)

Note. Mean acceptability ratings are based on a 9-point hedonic scale
where 1 = dislike extremely, 5 = neither like nor dislike, and

9 = like extremely.

Mean intensity judgements are based on a 9 point rating scale where

1 = not present, 5 = moderate, and 9 = extreme.

Beverages that differ significantly from one another (p<0.05) have
different superscripts.

Numbers in parentheses are standard ervors.

¥ p<0.01
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The placebo and NBC solution did not differ in terms of overall accepiability.
degree of thirst quenching, and sourness. However, the placebo was perceived as
significantly less salty and less sweet. The difference in acceptability of flavor was
significant, suggesting that the NBC solution had a somewhat more acceptable flavor
than the placebo. No prior experimentation had been performed in order to match
the placebo to the NBC beverage from a consumer point of view. Although the
.acceptability ratings are significantly different, the differences are very small. Thus,
while the products differ in terms of some of their sensory characteristics, they are
reasonably well matched in terms of acceptability.

The commercial products (Crystal Light and Gatorade) differed significantly only
in sourness (Crystal Light was significantly more sour); otherwise, there were no
significant differences between them.

Both commercial products rated higher in overall acceptability, flavor
acc.eptability. and degree of thirst quenching than any of the military products. Both
were rated as less salty than the military nutrient solutions (NBC and Armyade),
and about as salty as the placebo. The Crystal Light product and the placebo did
not contain any electrolytes and thus the less salty rating was expected. The
commercial products were perceived as sweeter than the placebo and Armyade, but
no sweeter than the NBC solution. In terms of sourness, Crystal Light was rated
the most sour of all five products, with Gatorade second. Gatorade was rated more
sour than the placebo and the NBC solution, but the same as Armyade.

It is interesting to note that neither the commercial products nor the NBC
beverage received highly favorable acceptance ratings {all average acceptability ratings
below 6.0=like slightly). These findings are unusual in two respects. First, one

would expect successful commercial products to score higher. Secondly, the NBC
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solution has received higher ratings in previous tests. However, those tests were
conducted with military subjects in hot environments or with subjects who were
wearing MOPP gear. In a hot environment, aspects of the NBC beverage that make
it unacceptable in a laboratory environment may not matter, possibly because of the
expected benefits of a nutrient beverage. Similarly, Gatorade, which is marketed as
a nutrient beverage, can be expected to score higher under conditions more similar to
those for which it was intended (e.g. after physical exertion). Crystal Light, while
rated higher than most of the other products, was also not rated above 6.0 on
average, even though it does not share some of the properties of the nutrient
beverages (e.g. saltiness). The reason for the low score for the Crystal Light, which

is marketed as a low calorie beverage, is not clear.

Field Study Final Questionnaire

Self-reported liquid and food intake. The percentages of subjects in each group that

reported drinking and eating sufficient amounts during this exercise are shown in
Table 23. The four groups were quite similar in these respects. In all cases, 65%
or more of the subjects reported having enough to drink and eat.

Of those that reported that they did not have enough to drink, many gave a
variety of reasons including having to go too far to pick up the water, not liking the
beverage provided, and finding the liquid (Water, Test Beverage, or Other fluids} too
warm to drink. In regards to the temperature of the liquids consumed, Table 24
provides the mean temperature ratings assigned to the various drinks by each of the
four groups.  One-way analyses of variance conducted with these data indicated
that there were no marked differences between the groups in terms of their

perceptions of the temperature of the liquids available to them during this exercise.
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Table 23. Percentage of subjects in each group that reported drinking and
eating sufficient amounis during this exercise.

GROUPS
CONTROL PLACEBO ARMYADE NBC
(n=14) (n=12) (n=15) (n=17)
%YES %BYES Y%YES %YES
Drank as much as
wanted/needed 17 75 o7 69
Ate as much as
wanted /needed 71 92 67 65

Note. Table entries represent percentages of subjects that responded
to the question.

Table 24. Mean temperature ratings of liquids consumed during this exercise.

CONTROL  PLACEBO ARMYADE NBC

(n=14) (n=12) (n=15) (n=17)

Liquid in Canteen 4.1 4.3 4.9 4.3
(water, placebo,or (.48)° (.36) (-29) (.24)
nutrient solution)

Cold Drinks Served - 24 2.8 2.3 2.4
With Breakfast (.20) (.40) (.23) (27)
{milk, juice, etc.)

Cold Drinks Served 24 2.6 22 2.3
With Dinner (.17) (.28) (.20) (.22)

(Koolaid, juice, etc.)

Note. Means in this table are based on a 7-point rating scale where
1 = cold, 4 = neutral, and 7 = hot. See Appendix G for
the descriptions associated with the ratings.

a .
Numbers in parentheses are standard errors.
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Cold drinks served with the breakfast and dinner meals were generally perceived as
moderately to slightly cool, whereas the liquids that subjects carried in their canteens
were rated as neutral to slightly warm.

Of those subjects that reported that they did not have enough to eat, at least
one subject from three of the groups indicated that he did not like the food in the
MRE. Previous field evaluations of the acceptability of the MREs providéd to
subjects in this study have identified several features of the ration that require
modification (73). The newest version of the MRE, the Improved MRE, will satisfy
these needs by including greater variety and larger portion sizes in the entrees, two
breakfast entrees, wet pack fruits instead of dehydrated fruits, and fruit flavored
beverages in all menus. According to the current distribution schedule, the Improved
MREs will be available to troops in 1991.

Subjects were also asked to rate how often they were thirsty and how often.
they were hungry. The data obtained from these inquiries are summarized in Table
25. A one-way analysis of variance of the thirst ratings did not reveal any
significant differences between the four groups. However, as can be seen in Table
25, subjects that drank Armyade tended to be thirsty somewhat more frequently than
did subjects that drank other liquids. On the average, subjects in the Armyade
group reported that they were often thirsty (;:5.2). whereas subjects in the other
groups reported that they were sometimes to fairly often thirsty {i.e.. at or below
the mid-point on the scale). The tendency of subjects in the Armyade group to
express slightly higher thirst ratings is probably related to the findings that Armyade
received lower acceptance ratings, daily and on the final questionnaire, and was
consumed in smaller quantities than the other test beverages. The acceptability data

collected on the final questionnaire will be discussed in detail below.
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Table 25. Mean ratings of self-reported thirst and hunger.

CONTROL PLACEBO ARMYADE NBC

(n=14) (n=12) (n=15) (n=17)
Frequency of self- 4.1 a 3.7 52 3.4
reported thirst (.31) (.31) (.83) (.30)
Frequency of self- 3.2 2.8 3.6 3.1
reported hunger {.37) (.25) (.34) (.33)

Note. Means in this table are based on a 7-point rating scale where
1 = never, 4 = fairly often, and 7 = always. See Appendix G for
the descriptions associated with the ratings.

a .
Numbers in parentheses are standard egrors.

The groups also did not differ in terms of the self-reported ratings of hunger
(NS). Consistent with the subjects’ report that they generally ate as much as they
needed /wanted (Table 23), they also reported that they were sometimes hungry which

is below the mid-point on the scale.

Test beverage acceptance. The acceptability of water and the three test beverages

was assessed using a 9-point hedonic rating scale which ranges from 1=dislike
extremely to 9=like extremely. The mean acceptability ratings and corresponding
standard errors for the three groups that consumed a test beverage are shown in
Figure 5. A one-way analysis of variance indicated that the groups differed in terms
of acceptance ratings (F(2, 40)=4.2, p<0.05). Post hoc comparisons conducted by
the Student-Newman-Keuls method showed that Armyade was rated reliably less
acceptable (p<0.05) than either the placebo or the NBC solution. The average rating

for Armyade (x=5.1} corresponded to the neutral point on the scale (neither like
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nor dislike). The average ratings for the placebo (;(-mﬁ.ﬁ) and the NBC nutrient
solution (;36.9) were on the positive end of the scale (like moderately). These
findings parallel those reporied from the daily acceptance ratings of the tesi beverages
and are also consistent with those from the taste test conducted at Natick. In the
laboratory acceptance test, Armyade received significantly lower ratings than the NBC
solution and commercial beverages. Acceptability ratings of Armyade did not differ
from those of the placebo in that test. As discussed earlier, the fact that
acceptability ratings were generally higher under field conditions than under laboratory
conditions suggests that soldiers working in a hot environment tend to be less critical
of any beverage that is offered, perhaps due o the enpected benefits of consuming
the beverage (74).

In an effort to discover why Armyade received lower ratings than the placebo and
the NBC nutrient solution, the groups were also compared in terms of their ratings of
the acceptability of water. It may have been the case that subjects in the Armyade
group tended to rate any drink lower than did subjects in the other two groups.
Figure © illustrates the comparison between Water and Test Beverage acceptability
ratings for the thres groups that consumed a test beverage. Although it appears that
the Armyade group did tend to rate water, as well as Afmyade. somewhat lower than
did the other groups, a one-way analysis of variance of the water acceptability ratings
indicated that this difference was not statistically significant (mean water acceptability
ratings: Armyade ;:5.3. Placebo ;::6.2. NBC ;36.6). in short, the fact that
Armyade was not favorably received in this study does appear to reflect some
undesirable property of the beverage rather than a group tendency to assign low

ratings.
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The subjects in the three groups that drank a test beverage were also asked to
use a 6-point scale (1=not at all salty, 6=extremely salty) to rate the saltiness of
the beverage they consumed. A one-way analysis of variance with accompanying post
hoc comparisons (Student-Newman-Keuls, p<0.05) indicated that Armyade was
perceived as significantly more salty than the placebo (F(2,41)=6.1, p<0.01).
Armyade received a mean rating that corresponded to somewhat salty (::3.0).
whereas the placebo was rated as not at all to slightly salty (;=1.3). Ratings for
the NBC solution fell in between these two at slightly salty (;=2.2). These data are
illustrated in Figure 7. When asked to indicate what they thought about the amount
of saltiness in the drink, subjects in the Armyade group and the NBC group both
gave mean ratings that were above the neutral point on the scale (7-point scale,
1=much too little, 4=just right, 7=much too much). However, there were no reliable
differences between groups in their replies to this question (Armyade ;=4.4. Placebo
x=3.8, NBC x=4.5).

These findings are very similar to those reported from the laboratory acceptance
test conducted at Natick and suggest that the perceived saltiness of Armyade probably
decreased its ’overail acceptability and contributed to the lower intake noted for
subjects in that group during the field test. The results obtained from the laboratory
acceptance test also indicated that the test beverages used in this field study differed
in terms of sweetness. The NBC solution was rated as significantly sweeter than the
placebo and Armyade in the laboratory test. The beverages were not found to differ

significantly on this dimension in the field test.

General comments_and recommendations. Not surprisingly, subjects in the Armyade

group {x=2.T) and the NBC group (x=3.0) reported needing (or perhaps, wanting)
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ACCEPTABILITY OF TEST BEVERAGES
significantly less of the test beverage than did subjects in the placebo group (;:4.2)
(F(2.39)=6.4, p<0.01). These results are shown in Figure 8 (7-point scale, 1=needed
much less, 4=amount just right, 7=needed much more). Subjects in the Armyade
group and the NBC group did not differ from subjects in the placebo group in terms
of the amount of energy they felt they gained from the test beverage. All reports
indicated that the three test beverages provided about the same or slightly more
energy than water even though the placebo did not contain any calories. Although
. the three groups did not differ, all felt that the test beverage was slightly better than
water at replacing body fluids lost by sweat. This opinion may have been influenced
by the fact that they had been told during their briefings that they were testing
carbohydrate-electrolyte beverages.

As would be expected from the acceptability data discussed above, subjects in the
Armyade group recommended decreasing the salt content of the test beverage.
Suggestions were mixed on the issue of sweetness. Independent of group assignment,
subjects also recommended increasing the variety of flavors offered. Subjects
suggested that the beverages be made available in cherry, lemon-lime, orange, and
grape flavors. This suggestion is worth pursuing since previous work has indicated
that variety enhances fluid intake in humans (75). Although the NBC solution is
available in a variety of flavors, flavor was held constant in this study because

Armyade is only available in one flavor.

Comparison to Previous Acceptability Tests of NBC Nutrient Solution

The acceptability results obtained in the present study can be compared to those
obtained in previous laboratory and field tests of the NBC solution. For example, in

a recent study (53) the NBC solution was tested against a colored, flavored
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control (no natural or artificial sweetener added) with subjects exercised at 400 watts
in a climatic chamber (98° F, 20% rh, 2 mph wind speed) for up to 24 hours.

However, unlike the present study, in which ad libitum consumption was allowed, the
previous study employed a forced drinking regimen. A comparison of both the daily
acceptance ratings (;=6.7) and the post-test acceptance ratings (;=6.9) of the NBC
solution in the present study with ratings of the NBC solution in the previous study

(x=6.3) show good agreement. However, the addition of aspartame to the placebo
solution in the present study produced much higher acceptance ratings (;:6.6 for
both daily and post-test ratings) then were obtained for the sweetener-free cgntrol in
the previous study (;=4.0).

The acceptance ratings for the NBC solution can also be compared to previous
laboratory and field studies in which the acceptance ratings for these solutions were
obtained from subjects who were in MOPP4 and who consumed them through the
drinking tube on their face respirators. These data show mean acceptance ratings of
5.8 at the CANE Exercise at Fort Ord, CA in 1983 (76). 5.7-5.8 at the REDLEG
Demonstration at Fort Sill, OK in 1986 (77) and 5.8-6.1 in laboratory tests at Natick
(77).  While still acceptable, these values are lower than those found in the present
field study and in the previous climatic chamber study (53). One possible explanation
for these differences is that the difficulty and stress of drinking when in MOPP4 may
cause a reduction in the overall acceptance of these beverages through generalization
of effect. Future studies of the NBC solution should certainly look at the role that
consumption mechanics may play on both fluid consumption and acceptance of
alternative solutions.

The data obtained from the laboratory test of acceptance in the present study is

consistent with both the field acceptance data and the previous chamber data (53) in
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showing that the NBC solution (:=3.84) scored higher in acceptance than the placebo
or control (::3.19). although the difference is not statistically significant. However,
unlike the field and chamber data, the absolute acceptance ratings for both the NBC
and placebo solutions are dramatically lower. The reason for this lies in the
difference in the test subject populations and the environmental and situational
conditions of the tests. In the laboratory acceptance test the subjects were comprised
of both civilian and military personnel, were tested in a cool, comfortable laborator.y
setting, and were presented the beverages in conjunction with two well-liked
commercial beverages. In both the present field test and the previous chamber study
military subjects tested the solutions under high heat stress conditions and without a
direct basis for comparison with commercial counterparts. It has long been held that
laboratory acceptance panels are more critical towards foods and beverages than field
panels (78). This fact, combined with the contrast effect of presenting these products
together with well-liked comimercial beverages (Crystal Light and Gatorade) are what is
likely responsible for the very low ratings of the NBC solution and placebo in the
laboratory acceptance test.

Two last points should be made concerning the acceptability data from this test
and previous work. The first concerns the relationship between the acceptability of
each of the beverages/solutions and the availability of water. It is very likely that
the acceptance and, ultimately, the consumption §f any nutrient fluid is dependent
upon the availability of plain water to drink. In previous lab and field studies (76,77)
it has been shown that, given the choice of a nutrient solution, nutrient solution plus
plain water, or plain water only, subjects will deé.i.dedly choose in favor of having both
fluids available. The reason for this is that while the usually fruity or tart flavor of

a nutrient solution is 2 welcome addition to water, especially when the water is
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chlorine or iodine-treated, exclusive consumption can lead to sensory specific satiety
and a strong desire to "rinse” the mouth with plain water. Studies that are
conducted with forced or ad libitum drinking of a single nutrient solution, without
plain water available, may result in markedly lower acceptance and consumption than
was found in the present study. The second point relates to the “placebo
effect” and the need to conduct double-blind tests. The “placebo effect”, in which
physiologically innocuous substances are given to patients who believe themselves to
be receiving physiologically active substances, has been shown to produce both
behavioral and physiological effects in those subjects, and these effects have been
shown to be consistent with the subject’'s belief about the nature of the expected
effects (74). In future studies of the NBC solution, double-blind procedures should be
implemented to ensure that experimenters and field technicians are not aware of the
treatment condition for the subjects. If this is not done, information about the
condition can inadvertently be passed on to the subjects (79). who will then be

susceptible to a “placebo effect.”

CONCLUSIONS
1. Field and laboratory acceptance data were consistent in showing the NBC solution
to be significantly more acceptable than Armyade. Acceptability ratings of the placebo
were intermediate to those of Armyade and the NBC solution in both tests.
2. Since ;he laboratory and field data were consistent in demonstrating that the
perceived saltiness of Armyade was too intense, it is recommended that additional
formglation studies be conducted to optimize the sensory characteristics of this

solution.
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3. Future field tests should employ a double-blind procedure and should limit fluid

consumption to only the test solutions and control fluids.
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METHODS

Food intake data were collected at the breakfast and dinner meals using a
modified visual estimation method (MVEM) developed at USARIEM (80}. In this
method the subject selected his food, showed his tray to the data collector, ate his
meal, and showed his tray to a data collector again. Data on food and fluids
consumed with meals were recorded on a ration record form (Appendix H) by the
data collector who was able to estimate portion sizes to within a tenth of a
standard portion. Each data collector was responsible for approximately 15 '.subjects _
so that there was minimal interference in the schedule of the soldiers in terms of
long lines and cold food during the meal period. Subjects recorded between meal
food intake on the fluid intake card (Appendix D). All extra foods brought to the
field, purchased from the PX mobile kitchen, and eaten at restaurants or fast food
establishments were recorded on the card. The Meal, Ready-To-Eat (MRE} ration
(version VI, 1986 procurement) was available for the lunch meal. All the MRE food
items were pre-printed on the fluid intake card and the subjects were asked to circle
the food and amount eaten.

A-rations were served at the breakfast and dinner meals. The MRE was given
to the soldiers at the breakfast meal for use at the lunch meal. On Day 5 the
breakfast and lunch meals were A-rations and the MRE was issued for the Dinner
meal; however, because of the opportunity to eat at a variety of on-post eating

establishments., most of the soldiers did not eat the MREs.
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RESULTS AND DISCUSSION
The effects of carbohydrate-electrolyte solutions on work in the heat are affected
by the adequacy of dietary intakes and therefore the nutritional adequacy of the diet

was determined.

Meal Attendance Data

- Collection of the data on food eaten at meals served by food service personnel
and between meals was 98% complete. Data were collected on 100% of the meals
served by the food service personnel but 4% of the between meal data forms were
missing (Appendix 1). A majority of the missing forms were from the PM period
which covered the period from after supper until breakfast the next morning.
Between meal food items were consumed until bedtime but less fluid was consumed
during this time period so the loss of this data should not drastically affect the
means. The missing data will cause the energy and fluid intake to be slightly
underestimated. Data were collected on all subjects who ate meals served by food
service persoﬁnel. but of the 976 possible breakfast and dinner meals {61 subjects x
8 days x 2 meals) that could be consumed during the study period. 13% were
skipped. Breakfast was the meal that was most often skipped. Since all soldiers
were wakened and gathered in- formation just prior to the breakfast meal, skipping
the breakfast meal was probably deliberate. Some soldiers were scheduled for early
classes in garrison and left the area before breakfast was served but this was very
seldlom. Table 26 shows the number of subjects that skipped a certain number of
meals. Only 17 subjects or 28% of the sample ate all hot meals that were served
by the food service personnel. About 85% of the soldiers skipped 3 meals or less of

a possible 16 (2 meals/day x 8 days). Data for the present study show that one
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person skipped 11 meals and another skipped 15 meals. The subject who skipped
15 meals had come prepared to miss all meals. She was attempting to lose weight
and had brought her own food: yogurt, distilled water, skim milk, etc. The subject

who skipped 11 meals was involved in coordinating administrative details of the FTX

Table 236. Distribution of subjects according to the number of food service meals
skipped®.

NUMBER OF NUMBER OF SUBJECTS SKIPPING FOOD
SERVICE

MEALS SKIPPED MEALS (N=61)
0 17
1 15
2 10
3 10
4 2
5 2
6 2
7 i
8 0
) 0
10 0
11 1
12 0
13 0
14 0
15 1
16 0

IFood intake data were collected two times a day for 8 days for a maximum of 16
meals,

and skipped many hot food service meals, but he was eating in garrison and

recording his food intake on the fluid intake/between meal food card.
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Energy Intake

The daily caloric intake from all foods and fluids to include the test beveragés
was not significantly different (F(3,51)=0.45, p=0.72) between groups but was
significantly different over time (F(7.45)=7.26, p<0.001) (Table 27). Caloric intake
increased to the third day for all groups then decreased significantly (p<0.05) to Day
7 for the Armyade and Control groups. The interaction of group with time was not
significant (F(21,129.77)=1.13, p=0.33). For all groups, the caloric intake dropped
on the hottest day of the study. The mean energy intakes of all groups were very
similar. The mean intake for all soldiers involved in the study was 2680+48

kcal/day which is well below the Military Recommended Dietary Allowances (MRDA)

Table 27. Total energy intake (kcal) from all foods and fluids consumed during 8

days of work in the heat.

GROUPS
DAY ARMYADE CONTROL  PLACEBO NBC MEAN
(n=13) (n=15) (n=11) (n=16) (n=55)
i 2675+321 2389+313 2653x244 2063+298 2676+150
2 3160+250 2742+325 3081280 2963+284 2073+144
3 3624+275 3072+346 2929230 2086+256 3149+145
4 24141254 2262+192 28951170 2799272 2581+120
5 2724+369 24602285 2602+193 2502+196 2563+133
6 29049+342 2456+261 2799+192 28251283 2749+139
7 25224294 2025224 2184+199 2253+173 2241+112
8 2335+233 2690+228 2722+285 2334+196 2509+115
;:tSE 2800+108 2512+99 2733482 2703+89 2680+48
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of 3200 kcal/day set for moderately active military male personnel, ages 17 to 50
years (81). The daily caloric intakes ranged from a minimum of 137 kcal/day for
one subject in the Armyade group to a maximum of 6162 kcal/day for one subject
in the the Control group. A mean of 2680+48 kcal/day is low compared to the
energy intake of previous field studies where mean intakes of subjects consuming 2
A-ration meals + 1 MRE ration/day for extended periods {5-6 weeks) have been
reported to be 2950 and 3271 kcal/day (64.82). A mean intake of 3713 kcal/day
was reported for field artillery soldiers fed 3 A-ration meals during 8 days of
sustained artillery operations in the field (46).

The most probable reason for the lower energy intake in the present study is
that approximately half of this sample were women, whereas all other previous
studies were done on males. Females do not require as many calories as males
because of their lower body mass. Comparing the mean caloric intake for males
(305674 kcal) in the present study (Table 28) to previous field studies showed that
energy intakes were similar. The mean caloric intakes for the present study were
very similar to previous garrison dining facility studies (83.84). The female intakes at
2343+55 kcal/day (SEM) were much lower than male intakes, but very close to the
2467+560 kcal/day (SD) of the female basic trainees at Fort Jackson, SC (85).

Although there were no group differences for energy intake (Table 29), there
were significant differences (F(1.47)=20.33, p<0.001) between males and females
(Appendix J). To determine if the differences were related to body size, the total
energy intake was divided by body weight. Appendix K shows that there were no
significant differences between gender, groups. and group by gender when intake was

normalized to body weight.
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Mean nutrient intake by study groups

Table 29.

GROUPS
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NUTRITIONAL INTAKE

Another reason for the low intake could be that about 26% of the subjects were
attempting to lose weight while only 1 subject was attempting to gain weight as
reported in the final questionnaire {Table 6). The subjects were very close to
equilibrium in their energy intake and expenditure since the mean weight loss for all
4 groups was less than 1 kg (Table 30). This group of subjects may not have
needed excessive calories because they started with moderate activity (with spurts of
‘heavy activity) during the first 3 to 4 days while setting up the hospital area but
their activity level decreased markedly during the later days while they waited for

events to occur in the FTX.

Table 30. Body weight changes from arrival at site (Day 0 PM) to the last
afternoon (Day 8 PM).

GROUPS
CONTROL  PLACEBO NBC  MEAN
DayOPM  68.63.1 78.54.2 75.0:4.1 78.9¢3.7 75620
Day8PM 67.843.2 77.724.1 74.424.2 78.0:36  74.8:1.4
Differ 0.8 0.8 0.6 0.9 0.3
p 0.01. 0.05 NS 0.01 0.001
n 14 17 12 18 61

The greatest caloric intake matched the days of highest caloric expenditure. The
subjects were fairly active setting up the hospital during the first 3-4 days. After

the 5th day, they were put on 12 hour work schedules which were fatiguing, but
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their physical activity was reduced. A small number of the subjects were sleeﬁing
during the day and working at night which reduced their total activity and exposure
to the heat stress.

The energy supplied by the test beverages did not significantly affect the enérgy
intakes of the four groups (F(1.51)=0.42, p=0.74). The calories supplied by the two
carbohydrate-electrolyte beverages did not affect the consumption of other foods and
fluids. The mean difference in calories supplied by the test beverages ranged from 0
to a maximum of 322 kcal/day. The subjects drinking the NBC and Armyade
beverages had consistently higher energy intakes from fluids (NS) (Appendix L) but

the difference was probably offset by the wide variations in caloric intake from food.

Potassium and Sodium Intake

No significant differences existed between the groups (F(3,51)=2.22, p=0.10) for
potassium intake but the 2-way ANOVA showed a significant decrease in potassium
intake (F(7.45)=10.95, p<0.001) over the eight days (Table 31). There was no
interaction between groups and time (F(21.129.77)=1.44 p=0.10). On day 4, the
potassium intake for the Control group was significantly less than for the Placebo
group even though both groups were drinking beverages (water and placebo) that did '
not contain potassium. Most of the potassium for the Placebo group came from
food sources. The intake of potassium for the Control group was consistently (NS)
less than for the Armyade and Placebo groups. The mean intake of potassium for
all soldiers, 3359+73 mg/day, was well within the range 1875-5625 mg/day that was
set for safe and adequate intake in the MRDA (81). Armyade was supplemented
with 9 mEqg/L of potassium and the intake of potassium for this group was higher

than for the other groups (NS). One concern in using potassium supplements
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Table 31. Potassium Intake (mg/day).

GROUPS

DAY

ARMYADE CONTROL PLACEBO NBC MEAN

(n=13) (n=15) {n=11) (n=16) (n=55)
1 38624438 34474455 38294405 3304295 35804197
2 44504403  3445+407 42824441 33794314 38314199
3 53732500  3767:484 37154312 34752298 40514236
4 3648:431 27254252 41964307 35304425 3472193
5 3240+481 20574321 33194352 99114191 30834166
6 423245056  2711+358 3300298 2009+425 32644228
7 31452521  2218+341 27924277 22144281 25514186
8 33584443 31324335 30024382 2653+228 3038171
x+SE 3013182 30502136 3577130 30472115 335073

is ingestion of toxic amounts. The maximum mean intake of potassium was
5373+590 mg/day on Day 3 for the Armyade group but this level is within the
range for safe and adequate intake according to AR 40-25. However, the maximum
intake of potassium for an individual drinking Armyade was 9361231 mg/day, which
_ is about twice the safe and adequate levels. Of equal concern is the fact that one
subject in the Control group, which was drinking plain water as its test beverage,
ingested 8293+1176 mg of potassium on Day 1. Such high intakes of potassium for
the average soldier could lead to concerns about toxicity from drinking potassium-
supplemented fluids, but serious problems are usually restricted to humans with
impaired kidney function.

Sodium intake was significantly different between groups (F{3.51)=3.58, p<0.05)
and over time (F{7.45)=4.50, p<0.001) but the interaction between group and time
was not significant (F(21,129.77)=1.04, p=0.41). The subjects in the Control

(water) group ingested significantly less (p<0.05) sodium than the subjects in the
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NBC group on Days 1, 2, and 4 and less than those drinking Armyade on Day 7
(Figure 9). The Armyade and NBC Solutions were supplemented with similar
amounts of sodium and the intakes by subjects in those groups were generally higher
than for the Control and Placebo groups, but the amount of sodium ingested by the
subjects drinking Armyade was not significantly greater than those in the
unsupplemented Placebo and Control groups. The exception was Day 7 for the
Control group, but was due more to a decrease in sodium intake by the Control
group, rather than an increase in sodium intake by the subjects in the Armyade
group. On the average the mean sodium intakes were well below the upper limit of
the MRDA (5500 mg/day) for all 4 groups and for all 8 days (Appendix M). As
with potassium intake, there were subjects that ingested excessively large amounts of
sodium. Four subjects in the Control and NBC groups consumed over 10,000 mg of
sodium in one day. Sweat and urine losses helped to rid the body of some of this
sodium. A soldier sweating about 1/2 L/hr for 24 hours (moderate work at 70°F
WBGT) could lose 11,040-16,560 mg of sodium per day in sweat. Hard physical
work in a hot environment could cause sodium losses as high as 8006 mg/day (37):

however, soldiers in the present study were not working that hard.

Macronuttient, Vitamin, and Mineral Intakes

The mean intakes for males met the MRDA for energy, protein, vitamins, and
minerals except vitamin Bg. folacin, and zinc (Table 28). The females had
inadequate intakes (i.e.. nutrient intakes below the MRDA) of iron and magnesium in
addition to those mentioned for males. However, the data for Vitamin 86' folacin,
and zinc may be underestimated due to missing data in the nutrient data file and

therefore these values should not be interpreted to mean that intakes were deficient.
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NUTRITIONAL INTAKE

The mean intake values for males for all nutrients is comparable to other garrison
dining facility (83-85) and field (46,64) studies. The group drinking Armyade, which
was supplemented with Mg++. ingested 128-170% of the MRDA for males and
females for Mg++ but dividing the data by group showed that intakes were
inadequate for almost all of the other test beverage groups (Table 29). Females
have always had problems meeting the MRDA for iron and eating in the field is no
different especially when the MREs, which contain about 8 mg of iron, are not eaten
for lunch.

For the pooled subjects, the mean carbohydrate intake was within the 50-56% of
energy intake guidelines suggested in AR 40-25 (Table 28). The NBC and Armyade
solutions contained fructose and glucose polymers, respectively, whereas the placebo
and water did not contain any carbohydrates. However, there were no significant
differences in carbohydrate intake between the groups (Table 29). The mean protein
intakes for males and females met the MRDA. The value for fat intake for the
pooled subjects (Table 28) was excellent at 32% because it was less than the 35%
recommended by the 1985 MRDAs. Previous studies showed that soldiers were
eating more than 35% fat in their diet in garrison and in the field (46,64,83,84)
except for the basic trainees at Fort Jackson, SC (85). The cholesterol intake of
581+22 mg for males in the present study was much lower than the 677-761 mg of
previous garrison dining facility and field studies (46.83,84.85).

The average pooled data showed that the subjects in the present study
consumed 85% of the MRDA for MgT ™, 77% for Nat, 60% for KT, and 145% for
phosphorus from their diets and all fluids including the test beverages (Table 28).
The maximum amount of Armyade that was consumed was 7200 ml/24 hours which

would provide the following percentages of the MRDA (81): 114% for Mg++. 69%
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for Na©. 47% for KT, and 59% for phosphorus. Due to the supplementation of
Armyade with Mg++, the intake of Mg++ was almost twice as high in the group
drinking Armyade as in the other groups. Consumption of Armyade in these
quantities should not cause any toxicity problems especially since about half of the
electrolytes that Armyade provided was probably lost in an equal amount of sweat
(Table 2}. Since Armyade contains 22.8 mEq/L of sodium, consumption of Armyade
could contribute to hypernatremia resulting from dehydration. However, while
hypernatremia can occur as a consequence of mild heat injury, the increase in serum
- sodium concentration was modest. In addition Armyade is hypotonic {127
mOsm/kg) and therefore the likelihood of hypernatremia occurring was remote.
Armyade also contains Kt (9.5 mEq/L). Mg++ (5.2 mEq/L), and PO, (3.2
mEq/L). While hyperkalemia, hypermagnesemia, and hyperphosphatemia can result
from hemoconcentration from mild heat injury, these increases would be of a modest

nature. Clinically significant increases in serum K+. Mg++

., and PO4 occur usually
in the anuric subject with acute renal failure. Identification and discontinuation of
Armyade consumption by anuric subjects was insured by the requirement for twice
daily urine samples by all study subjects. The consumption of Armyade in the

present study did not appear to present a hazard to subjects consuming this

solution.
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METHODS

The method for collecting urine and body weight data is discussed in the
General Methods Section. Urine data were statistically analyzed by two-way ANOVA
with repeated measures to determine significances and Tukey's post hoc tests were
run to establish where the differences occurred. Calculated values were generated for
a subject’'s database when a urine sample or body weight measurement was
unavailable. Because drinking behavior and therefore, hydration status is variable
among adults (86), frequency distributions which describe the incidence of urine
specific gravities > 1.030 provide a better characterization of hypohydration of a
group than the average group values. The calculated values were not used when
generating frequency distributions. A chi-square was computed to establish whether
the incidence of urine specific gravity >1.030 and group was related. Urine specific
gravity measurements >1.030 and body weight losses >3% were used as criteria to
define hypohydration. Appendix N contains the mean data for the figures in this

section.
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RESULTS AND DISCUSSION

Generally, urinary specific gravity displayed a diurnal periodicity, with higher
recordings in the morning (AM) sample compared to the late afternoon (PM) sample.
The data indicated a trend toward increasing urinary specific gravity with elevated
wet bulb globe temperature (WBGT). A reduction in heat load due to reductions in
both ambient conditions and work intensity on Day 5 was accompanied by a decline
in group averages of urinary specific gravity.

Group means for urine specific gravity (Figure 10) were significantly higher at
collections 2AM, 2PM, 5AM, and 7AM when either Armyade or Control (plain water)
was consumed compared to those measured in the Placebo and NBC groups.

Increases in urinary specific gravity can reflect hypohydration, impending
hypohydration or renal adaptations preventing significant hypohydration, and can
therefore be used as an index of hydration status. None of the groups displayed an
average urinary specific gravity greater than 1.030 at any sampling time. This was
surprising because many of the volunteers were erecting tents for the field hospital
from about 0800-2000 hrs during the first five days. On day 4, work continued
despite oppressive ambient conditions {d.b.max = 101°F, WBGTmax = 90.3°F).

Significant differences (p<0.05) in the incidence of urinary specific gravity equal
to or greater than 1.030 during the eight days of the field exercise were found
among the four groups. While 8% of urine samples collected from soldiers
consuming the placebo and 6% of those from individuals assigned to the NBC
solution had specific gravities >1.030 during the eight test days (Table 32), 13%
and 22% of the urine samples collected from the soldiers drinking Armyade and plain
water (Control group). respectively, had specific gravities >1.030. Based on the Chi-

square test, the relationship between group and the incidence of urine specific gravity
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Table 32. Percent of individuals with urine specific gravity >1.030

GROUP 7% OF INDIVIDUALS
ARMYADE 13
CONTROL 22
PLACEBO 8
NBC 6

Percents are calculated from the number of man-observations in each group over the
course of the eight test days.

>1.030 is significant.

Figures 11-14 depict the incidence of urine specific gravity >1.030 for the eight
study days; while significant numbers of individual values were observed to be
>1.030, none of the group means attained this value. Of importance is the
observation that the number of urine samples exceeding the criterion for
hypohydration differed significantly {p<0.05) between groups on Days 1,3 and 4
(Table 33). The incidence of urinary specific gravity >1.030 in soldiers drinking the
Armyade or Control beverage (plain water) peaked on the hottest day (Day 4) and
then declined. The reduction in the number of samples exceeding the criterion for
hypohydration from Day 4 to Day 5 was surprisingly small, but this may be
attributed to the persistently low fluid intake. Although the fluid intake seen after
Day 5 did not reach the magnitude of Days 3 and 4, the incidence of high urinary
specific gravity decreased. This decrease was most likely due to a combination of
the following factors: moderately elevated drinking. reduced environmental heat
stress, and lessened work load. In comparison, urine samples having specific

gravities >1.030 from soldiers consuming either the placebo or the NBC solution
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Figure 11. Incidence of urine specific gravity >1.030 for the Armyade

group.

Subject DAY 1 DAY 2 - DAY 3 DAY 4 DAY 5 DAY 6 DAY 7 DAY 8
AM PM AM PM AM PM AM PM AM AM PM AM PM AM PM

n= 14 14 13 14 14 12 14 13 13 13 12 14 13 14 14

AO3

AO4

AD6 X X X X

A08 X X

A09

AlQ X X

All X X X X X

Al2 X

Al3 X X X

Al4

Al7 X X X X X

Al9 X X X

A20

A2l

Figure 12, Incidence of urine specific gravity >1.030 for the Control

{water) group.

Subject DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7 DAY 8
AM PM AM PM AM PM AM PM AM AM PM AM PM AM PM

n= l6 16 16 17 17 16 17 15 16 16 14 14 15 14 14

Bo1 X X X X X X X X X X

BO3

BO4

BO5 X

BO7

BO8 X X X X X X X X

Blol LI I | x x

B13 X

B15 X X X

Blé X X X X X X X

B17

B18

319 X X X X X X X X X

B20 X X X X X X

B21 X X

B22 X X X X

B23
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Figure 13, 1Incidence of urine specific gravity >1.030 for the Placebo
group.

Subject DAY 1 DAY 2 DAY 3 DAY 4 DAY S5 DAY 6 DAY 7 DAY 8
AM PM AM PM AM PM AM PM AM AM PM AM PM AM PM

n= 12 12 12 12 12 12 12 12 12 12z 12 12 11 11 11

Ccol X X X

coz

Co3

Co4

co6 X X X

co7 X X X X
C10 X X

C13 X

Ci4 X
C15

Cl6

ciy

Figure 14. Incidence of urine specific gravity >1.030 for the NBC group.

Subject DAY 1 DAY 2 DAY 3 DAY 4 DAY 5 DAY 6 DAY 7 DAY 8
AM PM AM PM AM PM AM PM AM AM PM AM PM AM PM

n= 18 18 18 18 17 18 18 17 17 18 15 16 16 16 17

DO1
D02

D03

D04

D05 X X X

DO6 X X
D07

D08

D10

Dlzl Pl

D13 X

D14

D16 X X X X

D17

D18

D19 X X X

D21 X X

D23
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Table 33. Frequency (%) of urine specific gravity >1.030 for Days 1 to 8.

GROUP DAY

1* 2 3% ¥ 5 6 7 8
ARMYADE 4 11 19 33 31 16 4 4
CONTROL 31 21 30 34 31 17 11 7
PLACEBO 125 125 0 8 0 12.5 4 9
NBC 5.5 8 11 0 12 6 0 6

FREQUENCY (%) = number_of samples with_specific gravity > 1.030 100°
total number of samples

* Indicates significant relationship between group and urine specific
gravity > 1.030.

were consistently fewer in number.

Urinary excretion of sodium is depicted in Figure 15 and generally indicates
that both groups consuming the electrolyte-supplemented beverages, Armyade and
NBC solution, manifested the highest levels of sodium excretion. On Day 1 PM,
the group consuming Armyade excreted more sodium than all other groups
(p<0.01), and at the same sampling time on Day 2, this group manifested greater
sodium excretion than either the Control group (drinking water) (p<0.05) or placebo
(p<0.01). If Figure 15 is compared with Figure 9 (mean sodium intake by day). it
is interesting to note that sodium excretion tracks sodium intake quite closely.
Therefore, it appears that the subjects were receiving enough sodium in their diet

and were excreting excesses from the carbohydrate-electrolyte beverages.
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HYDRATION STATUS

It should ailso be noted that urinary sodium excretion will also be affected by level
of acclimation, sweat secretion, and hydrational status, all of which could have
contributed to the inconsistency of data at specific sampling times (e.g. Day 4 AM
and PM. p=NS, all groups).

Data depicted in Figure 15 indicate again that dietary consumption of
electrolytes is the most critical factor determining urinary excretion levels.
Comparison of the data depicted in Figure 16 and Table 31 provide several
interesting observations. The Armyade group had the highest level of potassium
consumption (Table 31. 3913 mg/d) and clearly manifested the greatest potassium
excretion (Figure 16). Similarly, the placebo group (3577 mg/d) consumed more
potassium than both groups drinking Control beverage {water) and NBC solution
{3050 mg/d). and Figure 16 demonstrates generally that the placebo group excreted
consistently more potassium than either the Control or NBC groups during the first
four days of the scenario. On days 6,7, and 8, the only statistically significant
difference among groups was observed on Day 6 PM where subjects drinking
Armyade excreted significantly (p<0.01) more potassium than individuals consuming
NBC solution.

Occasionally, urinary sodium/potassium ratios have been used as an
approximation of hydrational status (67) since, during hypohydration, hormones
which promote sodium reabsorption and potassium excretion are ordinarily secreted.
Such an endocrinological adaptation then would tend to decrease urinary
sodium/potassium ratios during hypohydration. The data depicted in Figure 17
generally indicate no consistent trends in these calculated values. The significantly
increased mean values of this ratio calculated for the NBC group (e.g. Day 3. PM,

NBC group > Control (water) group, p<0.05; Day 6, PM, NBC group > Armyade,
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Control (water) and placebo groups p<0.01; Day 7, AM, NBC group > Armyade,
Control (water) and placebo groups p<0.01)) are probably reflective of the fact that
in the NBC solution the ratio of sodium to potassium is extremely high while in
the Armyade solution this ratio is reduced to 2.

Ordinarily, urinary specific gravity is closely correlated with urinary creatinine
concentration and both are usually inversely correlated with urinary volume. Thus,
it is interesting to note (Figure 18) that on Day 5 AM. the creatinine concentration
of the Armyade group is significantly greater than that of the Placebo group
(p<0.05); at this particular sampling time the Armyade group had four subjects
with urinary specific gravity >1.030 while the Placebo group had none.

The blood urea nitrogen (BUN), serum creatinine, and BUN/Creatinine ratios
measured on Day 0 and Day 8 are within the normal range (65) reported for each
parameter in Table 34 in the Biochemical Indices Section. Although statistically
significant, the fall in the BUN/Creatinine ratio from Day 0 to Day 8 in the
soldiers in the Control {water) group is within normal values. Because we have
previously observed an increase in this ratio with progressive dehydration (67), this
fall was unexpected. However, it may be explained in part by the high incidence of
urine specific gravity >1.030 on Day 0 (5/29) which peaked on Day 4 (11/32) and
fell by Day 8 (2/28). Unfortunately, blood samples were not available on Day 4.
and thus no assessment of these variables could be made on the day of apparently
maximal hypohydration.

These data indicate that electrolyte ingestion was remarkably mirrored in urinary
excretion. Generally, the intake of sodium from both the Armyade and NBC
supplements was reflected in the urinary concentration of this electrolyte in the

urine specimens of these two Groups. Likewise, the increased potassium of the
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Armyade relative to the NBC solution was reflected in the potassium excretion of
this group, and contributed to the increased urinary sodium/potassium ratios of the
NBC group versus the Armyade group. Therefore, under conditions of light to
moderate activity where meals are eaten, consumption of water or non-nutritive
flavored beverages are adequate to maintain electrolyte homeostasis.

The other criterion of hypohydration was body weight. Figqre 19 shows that
group averages for body weight were virtually unchanged for the eight days.
Differences between groups were not statistically significant. The change in body
weight measured during the work day (0700 - 1600 hrs) is shown for the four
groups in Figure 20. No group average exceeded the >3% body weight loss
criterion during the work day. Generally, the pattern was similar for all groups.
and actually represented a weight gain during the work day. Surprisingly, the
weight gain occurred when the intensity of both work and environmental heat stress
was greatest. Increases in weight accrued during the 8 hr work day, increased
during the first four days of the exercise, and then fell after day 6. The greatest
gains were observed on Days 2, 3, and 4 in the group assigned the Placebo as the
test beverage, but no statistically significant differences were noted between groups
on any day. This pattern in weight change of the group averages followed the
changes seen in group means for fluid intake (Table 17). The percent change in
body weight (Figure 21) normalizes body weight changes to the pre-deployment
weight. The cumulative percent change in body weight was not different among
the four groups; group averages did not exceed the 3% criteria, and displayed a
diurnal pattern.

The number of soldiers attempting to lose weight during this field exercise was

lower than that seen during a previous study in 1985 (64) in which 31% of the
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males and 86% of the females reported trying to reduce weight. In the current
study, demographic data collected on Day 9 indicated that only 26% of the subjects
were attempting to lose body weight, Of the eight females attempting weight loss,
a loss was recorded in six subjects and a small weight gain was observed in the
remaining two. The six males attempting to lose weight were equally divided in
weight loss and weight gain. Although body weight loss provides an accurate index
of hypohydration level in a laboratory setting, the impact and variations in
environmental conditions reduces its reliability as a measure of hydration status in a
long term field environment.

Sohar and associates (62) reported that even mild dehydration causes
drowsiness, impatience, discomfort, weariness, irritability., and reduces work
efficiency. Because we collected data twice daily from our subjects, we had an
opportunity to witness their behavior. On several of the hottest days (Days 1-5)
during which physical labor was intense, about eleven of our subjects {A06, Al1,
Al4, A17, A19, BO7, B19, B20, D06, D12, D16) displayed symptoms of mild
dehydration. Of notable interest is subject B19, who is a young nineteen year old,
hard working male. This subject worked daily setting up hospital tents and
perimeters as well as being on 12 hour guard duty shifts without shade protection
during the hottest portion of the day. On several occasions, B19 displayed
symptoms of about 3-5% dehydration including aggressive behavior, impatience,
anorexia, headache, and stumbling. This subject had urine specific gravities >1.030,
low urinary sodium to potassium ratios, and high urinary creatinine outputs
(270-385 mg/dl) on almost all days and had a loss >3% from pre-deployment body
weight commencing on the Day 6 AM collection. In this particular subject, urine

specific gravity was a good indicator of hypohydration or impending hypohydration.
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Although urine specific gravity values for individual subjects suggest some
hypohydration or impending hypohydration, the group averages for body weight
changes concur with the group averages for urine specific gravity and indicate that
generally, acute hypohydration was not a problem in any test beverage group during
the eight test days. These group data suggest that individuals were eating and
drinking sufficient quantities during the work day to maintain weight and hydration
status. Our data also indicate that in a population comprised of reservists
consuming field rations during field exercise training, flui