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PREFACE vii

Preface

This publication, Nutritional Needs in Cold and in High-Altitude
Environments, is the most recent in a series of reports based on workshops
sponsored by the Committee on Military Nutrition Research (CMNR) of the
Food and Nutrition Board (FNB), Institute of Medicine, National Academy of
Sciences (NAS). Other workshops or mini-symposia have included such topics
as body composition and physical performance, nutrition and physical
performance, cognitive testing methodology, fluid replacement and heat stress,
nutritional needs in hot environments, food components to enhance
performance, and strategies to overcome underconsumption. These workshops
form a part of the response that the CMNR provides to the Assistant Surgeon
General of the Army regarding issues brought to the committee through the
Military Nutrition Division of the U.S. Army Research Institute of
Environmental Medicine (USARIEM) at Natick, Massachusetts.

FOCUS OF THE REPORT

The conduct of military missions may require operations in hostile climatic
environments. The success of such operations will be influenced by how well
humans can perform in these extreme conditions. This report is concerned with
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nutrition and related factors that may influence the ability of personnel to
operate in cold or high-altitude terrestrial environments. While there are
differences in the stresses imposed by cold as compared to high-altitude
environments, there are enough similarities to make them suitable to address at
the same workshop and in the same resulting publication.

During the 1950s and 1960s, a series of symposia on Environmental
Physiology in Cold and High Altitude Environments was sponsored or
cosponsored by the U.S. Armed Services. These resulted in several publications
(see Askew, Chapter 3 in this volume) during the period 1952-1967. While
studies on working in environmental extremes continued after this time, they
were largely through in-house research at various Armed Services laboratories.
More recently, the scientists of USARIEM have been interested in updating
information available on the impact of extreme environments and now of cold
and high-altitude environments on the nutritional requirements of military
personnel.

This publication follows previous CMNR studies requested through the
Military Nutrition Division of USARIEM on Fluid Replacement and Heat
Stress and Nutritional Needs in Hot Environments. The present report thus
completes this series by summarizing the current state of knowledge about the
influence of cold and high altitudes on nutrient requirements. Also identified are
current programs for feeding troops in these two environments and
recommendations for areas of future study.

HISTORY OF THE COMMITTEE

The Committee on Military Nutrition Research (CMNR) was established
in October 1982 following a request by the Assistant Surgeon General of the
Army that the Food and Nutrition Board of the National Academy of Sciences
set up a committee to advise the U.S. Department of Defense on the need for
and conduct of nutrition research and related issues. The committee's tasks are
to identify nutritional factors that may critically influence the physical and
mental performance of military personnel under all environmental extremes, to
identify deficiencies in the existing data base, to recommend research that
would remedy these deficiencies and approaches for studying the relationship of
diet to physical and mental performance, and to review and advise on standards
for military feeding systems. Within this context, the CMNR was asked to focus
on nutrient requirements for performance during combat missions rather than
requirements for military personnel in garrison. (The latter were judged as not
significantly different from those of the civilian population.) Although the
membership of the committee has changed periodically, the disciplines
represented have consistently included human nutrition, nutritional
biochemistry, performance physiology, food science, and psychology. For
issues that require broader expertise than exists within the committee, the
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PREFACE ix

CMNR has convened workshops or utilized special consultants. These
workshops provide additional state-of-the-art scientific information and
informed opinion for the consideration of the committee.

COMMITTEE TASK AND PROCEDURES

In early summer 1993, personnel from the USARIEM requested that the
CMNR examine the current state of knowledge concerning the influence of cold
and high-altitude terrestrial environments on nutrient requirements of military
personnel. The task was to evaluate the latest research on energy requirements
and potential changes in the requirements for other nutrients necessary to
maintain military physical and mental performance in these harsh environments.

The committee was aware that the majority of the scientific work on these
topics had been conducted through military research. Committee members
decided that the best way to review the state of knowledge in this diverse area
was through a small workshop at which knowledgeable researchers could
review published research and provide an update on current knowledge. Such a
workshop would enable the CMNR to review the adequacy of the current
nutrient specifications for military operational rations and to identify gaps in the
knowledge base that might be filled by future research.

A subgroup of the committee met in August 1993, determined the key
topics for review, identified speakers with expertise in these topics, and planned
the workshop for January 1994. Invited speakers were asked to prepare review
papers on their assigned topics for presentation and subsequent publication and
to identify gaps in the data base. The CMNR also believed that it would be
beneficial to obtain the viewpoints of military commanders and training staff
who worked with soldiers in cold and high-altitude environments. The planning
group identified several speakers who were involved in mountain warfare
training. These speakers presented informal commentary at the workshop on
troop training and feeding. In addition, LTC Nancy King and CW4 Thomas
Lange provided information on rations and the logistics of feeding soldiers in
the cold and at high altitudes.

At the two-day workshop, the speakers gave formal presentations, which
were followed by questions and a brief discussion period. The proceedings were
tape-recorded and professionally transcribed. At the end of the presentations, a
general discussion of the overall topic was held. On the day after the workshop,
the CMNR met in executive session to review the issues, draw some tentative
conclusions, and assign the preparation of draft reviews and summaries of
specific topics to individual committee members. Committee members
subsequently met in a series of working sessions and worked separately and
together using the authored papers and additional reference material to draft the
summary and recommendations. The final report was

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5197.html

nvironments: Applications for Military Personnel in Field Operations

PREFACE X

reviewed and approved by the entire group. These early working sessions
included Richard Atkinson and Joél Grinker, who have since rotated off the
committee.

The summary and recommendations of the Committee on Military
Nutrition Research constitute Part I of this volume, and the papers presented at
the workshop make up Parts II, III, IV, and V. As is part of the NAS process,
Part I has been reviewed anonymously by an outside group with expertise in the
topic area and experience in military issues. The authored papers in Parts II, III,
IV, and V have undergone limited editorial change, have not been reviewed by
the outside group, and represent the views of the individual authors. Selected
questions directed toward the speakers and their responses are provided at the
end of each part to give an indication of the discussion after each set of
presentations. This is followed by a summary of an unpublished manuscript
presented by K. K. Srivastava, "Environmental Stress Management at High
Altitudes by Adaptogens," in Appendix A, brief biographical sketches of
committee members and chapter authors in Appendix B, and a list of
abbreviations used in this report in Appendix C. The invited speakers were also
requested to submit a brief list of selected background papers prior to the
workshop. These recommended readings, as well as relevant citations obtained
through a computerized literature search and the citations from each chapter, are
included in the Selected Bibliography (Appendix D).
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I

COMMITTEE SUMMARY AND
RECOMMENDATIONS

PART I OUTLINES THE TASK presented to the Committee on Military
Nutrition Research (CMNR) by scientists at the Military Nutrition Division
(MND), U.S. Army Research Institute of Environmental Medicine
(USARIEM), as part of the committee's ongoing work regarding the nutritional
needs of soldiers in environmental extremes: to review research pertaining to
nutrient requirements for working in cold and in high-altitude environments and
to make recommendations regarding the application of this information to
military operational rations. As part of the charge to the CMNR, the Army
posed 15 questions in the areas of performance, health and medical aspects,
thermoregulation and acclimatization, and nutritional requirements. These
issues are summarized in the following two questions:

1. Aside from increased energy demands, do cold or high-altitude
environments elicit an increased demand or requirement for specific
nutrients?

Can performance be enhanced in cold or in high-altitude environments
by the provision of increased amounts of specific nutrients?

In Chapter 1, the committee reviews the physiology and nutrition in cold
and in high-altitude environments by using relevant background materials and
the workshop proceedings from January 31-February 1, 1994. The committee
presents the military's concerns for meeting energy expenditure in the cold and
at high altitudes from the perspectives of both commanders and researchers.
Beginning with the cold environment, the CMNR examines cold physiology
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and the body's countermeasures to heat loss, focusing on thermoregulation and
its effects on performance. On the nutritional side, cold-induced diuresis is a
concern given the effects of cold stress on fluid balance. Data on energy needs
in cold environments are presented in the committee's discussion of
macronutrients, vitamins, and minerals. At high altitudes, physiological
responses can be detrimental to physical and cognitive performance given the
debilitating impact of acute mountain sickness (AMS) and related altitude
illnesses. Nutrient requirements at altitude often depend on rate of ascent and
duration of stay. The combination of cold and altitude presents new
considerations given the differences in physiological response and nutritional
needs for these environmental extremes.

The CMNR answers the questions posed by the Army in Chapter 2 before
presenting their recommendations, suggestions for future research, and
conclusions. For work in cold and in high-altitude environments, the importance
of water discipline and the availability of safe fluids for drinking are critical
because fluid imbalance is detrimental to performance. To insure that energy
intake equals energy expenditure, high energy, palatable rations must be
supplied, and troops should be educated regarding changes in physical and
cognitive performance at environmental extremes and their countermeasures. In
an era of rapid redeployment, soldiers who have not regained lean body mass
lost in previous operations should not be sent to cold or to high-altitude
environments until lean body mass is regained. Future research in cold and in
high-altitude environments should focus on defining water requirements and
how to meet them; encouraging the maintenance of body weight and
composition; and determining the best ratio of macronutrients, vitamins, and
minerals.
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Military operations are frequently conducted in locations where soldiers
are exposed to desert, arctic, and high-altitude environmental extremes. Gradual
adaptation to these environments aids physiological acclimatization. However,
military missions rarely can be planned to allow lengthy acclimatization
periods. The recent Desert Storm operation is an example of an operation
conducted under adverse conditions with little time initially for preparation or
acclimatization.

Recreational mountain climbers, individuals whose professions involve
working outdoors in seasonally cold weather, and people who live in cold or
high-altitude environments have the opportunity to plan for their activities in
these extreme environments. Individuals who are accustomed to the cold or
high altitude learn how to adjust their apparel and activities to maintain an
acceptable lifestyle in spite of the external environment.

Regardless of climatic conditions, troops must be supplied with food,
weapons, housing, and other support facilities that will enable the immediate
performance of their mission.

THE COMMITTEE'S TASK

For many years the Military Nutrition Division (MND) at the U.S. Army
Research Institute of Environmental Medicine (USARIEM) has been reviewing
the nutritional needs of soldiers in environmental extremes and conducting
extensive experimentation both in experimental chambers and in the field to
ascertain the changing demands placed on soldiers. The Committee on Military
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Nutrition Research (CMNR) of the Food and Nutrition Board (FNB), Institute
of Medicine (IOM) previously has been requested to provide reviews and
recommendations through workshops and reports (IOM, 1991, 1993, 1994) on
nutritional needs of soldiers in environmental extremes. These included fluid
replacement and nutrient requirements in hot environments.

In 1993, the CMNR was asked by the MND to review research pertaining
to nutrient requirements for working in cold and in high-altitude terrestrial
environments. In addition, the committee was asked to make recommendations
regarding the application of this information to military operational rations. The
committee was thus asked to provide a thorough review of the literature in this
area and to interpret these diverse data in terms of military applications. The
CMNR was asked to address the increased energy demands of such
environments and to consider whether these environments elicit an increased
requirement for other specific nutrients. The MND also asked the CMNR to
include in their response the answers to the questions listed in Table 1-1. This
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TABLE 1-1 Questions Pertaining to Nutritional Needs in Cold and in High-Altitude
Environments Posed by the MND to the CMNR

Performance

*  What is the effect of cold/altitude exposure on muscle strength and endurance?

*  Can diet influence these changes?

*  How does cold/altitude exposure influence appetite?

Health and Medical Aspects

+ Isthere concern for increased cardiovascular risk when a high fat diet is
consumed for intermittent (7- to 14-d) time periods in the cold?

+  What nutrients prevent or lessen the signs and symptoms of acute altitude
exposure?

+ s free radical formation a concern for prolonged (10- to 30-d) military
operations at 10,000-15,000 ft (3,048-4,572 m) elevation?

Thermoregulation and Acclimatization

» Is cold/altitude acclimatization facilitated by prior satisfactory nutritional status
or supplemental nutrients?

*  What nutrients influence thermoregulation?

*  Does the timing of food ingestion influence cold tolerance?

*  What is the relationship between fluid intake and thermoregulation in the cold
and at altitude?

Nutritional Requirements

*  What are typical energy requirements for work in cold and high-altitude

environments?

*  What is the effect of cold and altitude exposure (at rest) on basal energy
requirements?

*  Does cold or altitude exposure alter the requirement for nutrients other than
energy?

*  What is the sodium requirement for hard physical work in a cold environment?
«  What is the relationship between fluid intake and food intake in the cold/altitude?
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report thus provides a parallel review to the previous CMNR report on the
nutritional needs of individuals actively working in hot climates (IOM, 1993).

These specific issues were summarized by COL Eldon W. Askew
(program officer designee) into two overriding questions:

1. Aside from increased energy demands, do cold or high-altitude
environments elicit an increased demand or requirement for specific
nutrients?

2. Can performance be enhanced in cold or high-altitude environments by
the provision of increased amounts of specific nutrients?

To assist the CMNR in responding to these questions, a workshop was
convened on January 31-February 1, 1994 that included presentations from
individuals familiar with or having expertise in cold and in high-altitude
physiology, energetics, macronutrient and micronutrient requirements, ingestive
behavior, psychology, and military rations. In addition, military commanders
familiar with working and training personnel in the cold and at high altitudes
gave presentations and actively participated in the discussions. The invited
speakers discussed their presentations with committee members at the
workshop and submitted the content of their verbal presentations as written
reports. The committee met after the workshop to discuss the issues raised and
the information provided. The CMNR later reviewed the workshop
presentations and drew on its collective expertise and the scientific literature to
develop the following summary, conclusions, and recommendations that are
found in the two chapters in Part I. In writing the first two chapters of this
report, the CMNR has used the operational terminology included in Table 1-2.

MILITARY RESEARCH, COMMAND ISSUES, AND
RATIONS FOR COLD AND FOR HIGH-ALTITUDE
ENVIRONMENTS

The initial presentations at the workshop and the resulting chapters (3
though 6) in Part II of this report present a background for understanding
military nutrition issues in the cold and at high altitudes.

The influence of cold and high altitudes on nutritional needs of the soldier
has been a topic of interest to the military for many years. In his introduction
COL Askew reviews the previous cold- and high-altitude intramural research
activities of the Army, research sponsored by Army grants to academic
institutions, and military-sponsored workshops or conferences (see Chapter 3 in
this volume). COL Askew indicates that early work on cold and on high-
altitude physiology and nutrition was typically a collaborative effort between
military and civilian scientists. Since the 1970s, the overall extramural research
activity supported by the military has significantly decreased, and specific
research on nutritional needs in environmental extremes has been conducted
largely within military research facilities.
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TABLE 1-2 Terms Used in This Report

Acclimation Adaptive changes to an environment under controlled
conditions, such as an environmental chamber (indoors/
in the laboratory).

Acclimatization Adaptive changes that occur due to exposure to a
natural environment (outdoors/in the field).

Altitude Designations

At high altitudes General term to represent altitudes of 5,280 ft (1,609
m) or more above sea level.

Moderately high altitudes 8,000 to 11,000 ft (2,438 to 3,353 m).

High altitudes 12,000 to 18,000 ft (3,658 to 5,486 m).

Extremely high altitudes Over 18,000 ft (5,486 m) (above which acclimatization
is difficult).

Cold Temperature range within which human body has

difficulty functioning.
30°F to -30°F (-1°C to -34°C).
Diuresis Excretion of urine; commonly denotes transient
production of unusually large volumes of urine.
Hypothermia® Core body temperature significantly below 95° F (35°C).
Mild: Body temperature of 89.6°F to 95°F (32°C to 35°
0
Moderate: Body temperature of 82.4°F to 89.6°F (28°C
to 32°C).
Severe: Body temperature of less than 82.4°F (28°C).
Hypoxia Below normal levels of oxygen in arterial blood or
tissue, short of anoxia.
Hypohydration Decrease in body fluids equivalent to a loss of 1% body
mass or more.

SOURCE: Granberg (1991).

Clothing, equipment, state of mind, leadership, physical conditioning,
mental attitude, preparation, and nutrition are considered by COL Russell W.
Schumacher, Jr. in relation to success in cold and in high-altitude training and
operations (see Chapter 4 in this volume). COL Schumacher suggests that the
single most significant contributor to successful operations in the cold is a
positive attitude. In Chapter 4 he further reviews the necessary components of
developing and maintaining positive attitudes in troops in these environmental
extremes. He stresses the need for unit commanders to have realistic
performance expectations of their troops in the cold and at high altitudes and
concludes that daily effort must be put forth to attain and maintain positive
troop morale in environmental extremes.

Military operational rations are the principal source of nutrients provided
for the soldier in military operations in all environments. Therefore as
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background for the report, a review of current rations specified for use in cold
environments and the systems for preparation and use of field rations are
summarized by LTC Nancy King and CW4 Thomas J. Lange (see Chapters 5
and 6 in this volume; see also IOM, 1995a). A modified table from Chapter 5
listing the nutrient contents of rations for cold-weather use has been reproduced
here for clarity (Table 1-3).

The principal ration for group feeding in military field operations currently
is the Tray Pack (T Ration). The T Ration is ready-to-heat and -serve, and is
provided in low-profile, rectangular metal cans that can be heated quickly in hot
water baths. This ration is described in more detail in Chapter 5. The standard T
Ration is augmented with a cold-weather supplement module to provide 1,000
kcal per meal extra energy for cold environments. This Arctic T (T Ration
supplemented with the cold-weather module) provides approximately 2,400
kcal per meal.

Frequently military missions do not permit group feeding, and individually
packaged rations must be provided. The basic individually packaged ration is
the Meal, Ready-to-Eat (MRE). The general composition of this ration is
discussed in Chapter 5. In cold environments the basic three-ration per day
provision is augmented with an additional fourth MRE or an energy supplement
providing extra kcal. While the MRE can be consumed cold, individual ration
heaters are provided since hot rations are more acceptable to soldiers in a cold
environment.

The Ration, Cold Weather (RCW) is dehydrated and can be reconstituted
with hot or cold water, or consumed dry. This ration was developed to meet
some of the special needs for operating in arctic conditions. The specifics of the
ration are discussed in Chapter 5, along with those of another more specialized
food packet, the Long-Range Patrol, Improved (LRP I).

CW4 Lange (see Chapter 6 in this volume) summarizes some of the
problems of feeding soldiers in the cold. He also discusses the issues of
specialized equipment design that have been used to address the arctic and high-
altitude conditions that present a very harsh environment for feeding the
individual soldier. Problems of sheltering people and equipment as well as food
preparation in severely cold and windy conditions are unique. These problems
have required the development or improvement of mobile equipment that can
function properly in such environments. Examples of these include the Mobile
Kitchen Trailer and Kitchen Company Level Field Feeding equipment. These
developments are important in providing food to sustain the military
effectiveness of the soldier and the unit. Chapters 3 through 6 indicate the need
for close coordination between the ration developer and troop support activities
to ensure continued improvement in the quality and delivery of nutritionally
adequate foods to soldiers operating in these environmental extremes.
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THE COLD ENVIRONMENT

PHYSIOLOGICAL CHANGES IN THE COLD

Basic Physiology of Cold Exposure

When exposed to cold environments, the body loses heat through both
convective and conductive heat transfer mechanisms. Heat losses are greater if
the body is exposed to cold water than to cold air due to the greater heat transfer
capacity of water (Gonzalez, 1988). As detailed by Andrew J. Young and
colleagues (see Chapter 7 in this volume), the body possesses mechanisms to
help maintain core temperature during cold exposure and to reduce heat loss, as
well as to restore heat that has been lost. The mechanisms collectively are called
thermoregulation.

Peripheral Vasoconstriction and Vasodilation

The principal mechanism to reduce heat loss is the neurologically induced
constriction of vessels in the skin and extremities. This response diminishes
heat transfer from the body core to the surfaces. As a result, body surface
temperatures fall rapidly upon exposure to cold (Veicsteinas et al., 1982). These
low skin and extremity temperatures can result in cold injuries, especially to the
hands and fingers. A second mechanism, cold-induced vasodilation (CIVD),
somewhat offsets the harmful effects of falling skin temperatures. With
exposure to cold, vasoconstriction reduces skin temperatures, but then CIVD
allows the temperatures to rise within about 10 minutes (Lewis, 1930). Over
time the alternation of these two vascular responses results in a rhythmic (or
cyclic) rise and fall of skin temperatures (Lewis, 1930).

Metabolic Heat Production

Heat production occurs as the result of voluntary muscular work, by
involuntary (central nervous system [CNS]-induced) shivering, or by a
combination of both mechanisms. Humans have no unique nonshivering,
thermogenic mechanisms for responding to cold (Toner and McArdle, 1988).
Nevertheless, as pointed out by Ira Jacobs (see Chapter 10 in this volume),
every cellular metabolic process within the body has, as its byproduct, the
production of heat. Even the vasoconstrictive activity of vessel walls produces
some heat.
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TABLE 1-3 Approximate Nutritional Content of Rations Used in Cold-Weather

Operations
MRDA T MRET RCW LRPI
Nutrient Men Women  Ration® (4 (1 3

3 meals) ration) meals)

meals)
Energy, keal 4500 3,500 43237 5392 4,567 4,668
Protein, g 100 80 181 197 94 179
Carbohydrate, % 8 582 669 682 586
g
Fat, g i i 141 215 163 179
Vitamin A, IU 5,000 4,000 15153 16,880 8,022 8,133*
Vitamin E, mg 10 8 15* 22% 21 13#
TE
Vitamin C, mg 60 60 208 408 329 183
Thiamin, mg 1.6 1.2 35 10.8 5.7 3.7
Riboflavin,mg 1.9 1.4 35 43 2.6 2.8
Niacin, mg NE 21 16 42 52 31 541
Vitamin Bg mg =~ 2.2 2.0 2.2 7.6 3.9% 2.7
Folacin, pg 400 400 339 292# 141# 132*
Vitamin B, 3 3.0 5.3% 3.5% 0.8% 1.8%
g
Calcium, mg 800- 800 1,687 2,052 1,379 1,149

1,200 1,200

Phosphorus, 800— 800 2,761 3,184 2,168 2,352
mg 1,200 1,200
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£

5

f MRDA T MRE' RCW LRPI

e Nutrient Men Women  Ration” 4 ¢! @3

; 3 meals) ration) meals)
meals)

Iron, mg 10-18 18 29 24 19 24
Sodium, mg ¥k —** 7,374 7,292 4,720 7,740
Potassium, M Tt 5,626 5,424 4,084 4,419
mg
Magnesium, 350— 300 523 556 592 489
mg 400
Zinc, mg 15 15 20 13# 11# 9*
Cholesterol, 8 8 484" 476" 183* 174%
mg

NOTE: MRDA, Military Recommended Dietary Allowances for moderately active military
personnel ages 17 to 50 years old operating in cold weather; T Ration, Tray Pack Ration
without cold-weather supplement (FY1992); MRE, Meal, Ready-to-Eat (version XII); RCW,
Ration, Cold Weather; LRP I, Long-Range Patrol, Improved.

* The T Ration cold-weather supplement provides 148 g carbohydrate (53 percent), 29 g protein
(11 percent), and 45 g fat (36 percent of total kcal) for a total of 1,110 kcal (Personal
communication, M. S. Harrington, U.S. Army Research Institute of Environmental Medicine,
Natick, Mass., February 1996).

 The MRE is reformulated annually. Values provided are for version XII. The version in
current use is XVI. The relative proportions of energy provided by protein, carbohydrate, and
fat vary by no more than 1 percent from year to year (Personal communication, L. D. Sherman,
U.S. Army Research Institute of Environmental Medicine, Natick, Mass., February 1996).

¥ Cold-weather supplement adds approximately 1,000 kcal.

§ No MRDA established.

I'Should not exceed 35 percent of total energy intake.

# Data missing (more than 50 percent) or inaccurate.

** No MRDA established. The safe and adequate levels published in the RDA are considered to
be unattainable within military foodservice systems. An average of 5,500 mg for men and 4,100
mg for women is the target.

T NO MRDA established. The safe range is 1,875-5,625 mg, based on AR 40-25 (1985).
SOURCE: Adapted from AR 40-25 (1985). Record of nutritive values for each ration.
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Skeletal muscle contractions, either during voluntary exercise or
involuntary shivering, are the major source of the metabolic heat produced to
protect against cold stress (Horvath, 1981). Heat production parallels an
increase in oxygen uptake, the magnitude of which depends on the proportion
of the muscle mass engaged in shivering or work and the duration and severity
of work being done (Young et al., 1986a). Shivering alone can cause only a
fourfold increase over basal rates of heat production, and even the greatest
increases in heat production because of shivering alone are less than one quarter
of a muscle's maximum contractile activity (Horvath, 1981).

The thermogenic response to voluntary exercise differs with the form of
exercise (Toner and McArdle, 1988). Arm-only exercise causes a greater loss of
body heat than does leg-only exercise (when both yield the same magnitude of
heat production per unit). As a result, leg-only exercise is more efficient in
maintaining body core temperatures (Toner et al., 1984). If voluntary exercise
does not maintain body core temperatures during cold exposure, involuntary
shivering responses are initiated, and heat production then may result from both
forms of muscular work. Maximal energy expenditure by skeletal muscles may
be reduced by cold exposure, if temperatures decline in muscle, body core, and/
or blood. A fall in the temperature of blood reduces its delivery of oxygen to
body tissues, because of temperature effects on the oxyhemoglobin dissociation
curve (Young, 1990).

Cardiac Responses

The increase in oxygen uptake during shivering thermogenesis is also
accompanied by an increase in cardiac output (Muza et al., 1988). This increase
is due almost entirely to an increase in stroke volume, which appears to be the
result of the increased central blood volume that is associated with cold-induced
peripheral vasoconstriction. Resting heart rate remains unchanged (Muza et al.,
1988).

Effect of Gender

Almost all studies of physiological responses to cold stress have been
conducted in men. However, there is no evidence to suggest that basic
mechanisms for peripheral vasoconstriction, cardiovascular responsiveness, and
metabolic heat production in the cold are different in men and women.
Metabolic changes during the menstrual cycle have not been studied during
cold exposure, but basal body temperature is known to vary in response to
hormone secretions (Stephenson and Kolka, 1993). Differences in body
composition also may play a role, with the higher content of body fat in women
and their smaller body surface areas providing some degree of
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protection from heat loss. Current knowledge of physiological responses to cold
is largely based on studies of healthy young adult males. With the growing
numbers of women in the military, they should not be neglected in future
studies (IOM, 1995Db).

Effect of Age

As reviewed by Young et al. (see Chapter 7 in this volume), general
medical knowledge, backed by older physiological studies, suggests that older
individuals may respond poorly to severe cold stress. The typical loss of muscle
mass that accompanies the aging process undoubtedly plays a role by reducing
the capacity for production of heat from metabolic processes. On the other
hand, the accumulation of body fat with aging may provide additional
protection against heat loss in mid- to late mid-life, but this protection is most
likely lost or may change as aging continues. Extremely old individuals are
often characterized by a gradual loss of body fat, especially subcutaneous fat.
The increase in body surface area in comparison to body mass combines to
reduce the mechanisms used to protect against heat loss (Young, 1991). Similar
problems would arise in malnourished subjects who have lost both body fat and
muscle mass.

Other Factors

Cold acclimatization can occur in humans but it is minimal. Probably the
most important modifying factor on the thermoregulatory response to cold is the
individual's endowment of subcutaneous fat since fat reduces thermal
conductance from the core to body surfaces (Toner and McArdle, 1988).
Physical fitness has mixed effects: the fittest individuals show the greatest heat
production, but they are also the leanest, and that combined with their higher
skin temperatures (from increased heat production) causes them to lose heat
more quickly. Older individuals tend to maintain lower body temperatures
(Mathew et al., 1986) and have less efficient vasoconstrictive mechanisms, so
they are at greater risk for heat loss in cold environments. Generalized
malnutrition may also impair thermoregulation. Severe losses of body weight
associated with the complex stresses of prolonged military operations could also
complicate the normal physiological responses to cold. Emphasis on
maintaining an adequate intake of operational rations to prevent excessive
weight loss in severe operational environments is important to sustain normal
physiological responses to cold (IOM, 1995a). A discussion of nutrient
requirements in the cold begins on page 15.

The most important modifying factors for thermoregulation, however, are
the behavioral strategies employed in cold environments. Humans don warm,
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protective clothing, seek shelter whenever possible, and create or move to
warmer environments.

Central Nervous System Function and Sleep

The Role of the Central Nervous System and Sleep during Cold Stress

Central nervous system (CNS) responses are of fundamental importance in
body responses to cold stress. Hot and cold sensors in skin, body tissues, and
the brain itself continually send signals via afferent nerves to the CNS for
monitoring and response, if needed.

As a result, the CNS produces and responds to numerous
neurotransmitters, such as catecholamines and serotonin. Both the temperature
regulating and sleep regulating functions of the CNS respond to similar
neurochemical stimuli. Further, sleep regulating functions of the CNS appear to
be linked to those employed in temperature regulation (for discussion, see R. S.
Pozos et al., Chapter 8 in this volume).

Stages of Sleep

Sleep consists of a series of repeating cycles of physical and brain wave
activity. The sleep cycle may be divided into two main phases. The first phase,
referred to as nonrapid eye movement sleep (NREM sleep), can be subdivided
further into 4 stages. These are Stage 1, or the transition from the waking to the
sleeping state; Stage 2, which is marked by a change in the
electroencephalographic (EEG) pattern and the true beginning of NREM sleep;
Stage 3, characterized by the onset of Slow Wave (or delta) Sleep (SWS), so-
called because of the pattern of EEG activity; and Stage 4 in which SWS
continues and begins to display hypersynchronization (Gregory, 1987). The
second, deeper, phase of sleep is called REM or Paradoxical Sleep, and is
characterized by rapid eye movement, a paradoxical increase in brain wave
activity to the level of the waking state, and an increase in physical activity. All
stages of sleep are considered necessary for maintenance of normal bodily and
mental functions. While NREM sleep ordinarily precedes REM sleep, a sleep-
deprived individual can progress almost immediately into REM sleep (Kandel
et al., 1991). For this discussion of cold stress, it is important to note that the
CNS fails to maintain its temperature regulating functions during REM sleep
(Jennings et al., 1993).
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Interrelation of Sleep and Temperature Regulation

During REM sleep, neither the cold-sensing nor the warm-sensing neurons
fire: the CNS basically shuts down with respect to temperature regulation. In
slow wave, NREM sleep, some information on temperature sensation is still
received. Sleeping animals exposed to cold will still shiver during NREM sleep,
but cease shivering as sleep deepens. Extreme degrees of cold or heat will cause
sleeping animals to rouse.

Because temperature regulation ceases during deep REM sleep, a decrease
in body temperature usually occurs. This phenomenon appears similar to
changes seen in animals in deep hibernation. The sleep-induced decrease in
body temperatures spare metabolic activity, and thereby reduce nutritional
needs (Jennings et al., 1993).

Sleep and Temperature Regulation in Humans

In humans, the sleep-induced fall in body temperature is reversed on, or
shortly before, waking. However, if a sleeping person (in either REM or NREM
sleep) is aroused momentarily, core temperatures will fall further each time
sleep is interrupted. Prior exercise, prior food intake, and the menstrual cycle all
influence core body temperatures during sleep. Giving meals on a precise time
schedule appears to help synchronize the temperature regulating clock. On the
other hand, if the temperature regulating and sleep inducing clocks become
desynchronized, as during military operations for example, appetite and food
intake may be adversely affected (Jennings et al., 1993).

In summary, the neural mechanisms involved in sleep regulation appear to
interact with those that regulate body temperature. The ability of the CNS to
sense and respond to incoming information of a thermal nature is affected by
both time of day and stage of sleep. Hence, during REM sleep, the CNS
thermoregulatory response is dampened, resulting in a decrease in body
temperature similar to that observed in hibernating animals. Extremes in
temperature cause arousal in animals. In humans, repeated arousal results in a
progressive decrease in core body temperature during subsequent sleep.
Temperature in the sleeping human is also influenced by nutritional status,
physical activity, hormones, and sleep schedule.

Thermoregulation and Physical Performance

If humans can regulate their core body temperatures properly during
periods of physical work, their performance should not be significantly
impaired. On the other hand, when physiological temperature-regulating
responses cannot cope with environmental (or other) stressors, performance
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will decline. Depressed core temperatures can reduce maximal oxygen uptake
and maximal cardiac output, and interfere with muscle energy metabolism by
accelerating muscle glycolysis and lactate production. Differences in body size,
configuration, and composition also influence the ability to maintain body
temperatures during stress (see Young et al., Chapter 7 in this volume). Humans
can use such external factors as shelter and clothing to help maintain core
temperatures.

Drug-Induced Delay of Hypothermia

While most of this report deals with nutritional and physiological aspects
of cold exposure, André L. Vallerand (see Chapter 15 in this volume) presents a
useful discussion of drug-mediated delay in hypothermia during cold exposure.
Earlier work in animals had demonstrated that a variety of drugs can delay the
onset of hypothermia, but the relevance to humans was not clear (LeBlanc,
1975). For example, it was well known that dinitrophenol uncouples oxidative
phosphorylation and increases substrate oxidation and heat production (Sellers,
1972). However, observations of side effects in obese subjects precluded use of
dinitrophenol in humans (Hall et al., 1948).

Recent research by Vallerand and his colleagues (Vallerand et al., 1993)
has centered on the evaluation of a commercially available, theobromine-
containing "sports bar" purported to delay hypothermia during cold exposure in
humans (see discussion in Chapter 15 in this volume). Comparison of the
product with either an isocaloric mixture of carbohydrates or with an
unspecified placebo revealed no significant differences in either rectal
temperature or body heat debt of cold-exposed volunteers.

The inability to confirm claims made for the commercial sports bar
prompted Vallerand and colleagues to study combinations of B-adrenergic
agonists with methylxanthines. When compared to a placebo, a mixture of
ephedrine (1 mg/kg) and caffeine (2.5 mg/kg) significantly increased metabolic
heat production by 19 percent in cold exposed humans (Vallerand et al., 1989).
The increase in heat production was derived from a large increase in whole
body carbohydrate oxidation. The treatment also reduced the fall in rectal and
skin temperature. Additional studies confirmed the value of mixtures of
ephedrine with caffeine or theophylline in increasing heat production,
decreasing heat debt, and reducing the lowering of body temperature in cold
exposed individuals (Astrup et al., 1985, 1992; Dulloo and Miller, 1986; Dulloo
et al., 1990).

These interesting results warrant additional studies to define further the
benefits and disadvantages of the proposed treatment in improving the cold
tolerance of human subjects, including further refinement of the most effective
treatment modality. These initial results have significant promise for providing
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protection to individuals during cold exposure and therefore have potential
military application in specific settings.

CHANGES IN NUTRIENT REQUIREMENTS FOR COLD
ENVIRONMENTS

Fluid Balance

Body fluid balance is normally held within a fairly narrow range by a wide
range of control measures. Exposure to cold stress, however, typically leads to
dehydration, with a cold-induced diuresis (CID) as a major, long recognized
contributing factor that is accompanied by reduced blood and plasma volumes
(see review by Freund and Sawka, Chapter 9 in this volume). Other contributing
causes to dehydration in the cold include losses of body water through
respiration and through sweating, as well as through a diminished intake of
fluids.

Mechanisms of Cold-Induced Diuresis

The mechanisms of origin of cold-induced diuresis (CID) are not yet
entirely clear. It is known that CID can be blocked by administration of
antidiuretic hormone (ADH or vasopressin) (Bader et al., 1952; Eliot et al.,
1949). Despite early evidence for lowered concentrations of this hormone in
plasma of individuals exposed to cold, subsequent research failed to confirm its
suspected etiologic role in CID (Lennquist et al., 1974). Later, cold-induced
increases in blood pressure, leading to a diminished renal tubular reabsorption
of sodium and water became a popular mechanistic explanation for CID
(Wallenberg and Granberg, 1976). More recently, studies in humans have
shown that repeated immersions in cold water produced an equal diuretic
response each time; however, the hypertensive component was lost with the
acclimation to cold water immersion (Muza et al., 1988; Young et al., 1987).
Currently, the movement of water to the body core caused by cold-induced
peripheral vasoconstriction is the most attractive explanation for CID.
Hydration status and body posture (Wallenberg and Granberg, 1976) also
appear to be confounding factors.

Other Causes of Cold-Induced Losses of Body Water

Losses of respiratory water may also contribute to cold-induced
dehydration. Water vapor pressure of cold air is considerably less than under
thermoneutral conditions, so additional water can be lost when exhaling fully
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saturated warm alveolar air (Brebbia et al., 1957; Mitchell et al., 1972).
Exercise-induced hyperventilation also will add to the amounts of water being
lost via expired air. In fact, exercise-induced respiratory water losses are
probably greater than cold-induced losses.

Exercise-induced sweating is another source of water loss, and is
obviously related to the severity and duration of exercise performed as well as
the types of clothing worn (Gonzalez et al., 1988; see Freund and Sawka,
Chapter 9 in this volume). Some military clothing systems allow for little
evaporation, causing large amounts of water from sweating to accumulate near
the skin. Such water accumulation can pose additional problems in cold
environments.

Performance Decrements Caused by Cold-Induced Dehydration

Although many studies have focused on dehydration in hot environments,
few studies have investigated effects of hypohydration on performance in
extremely cold conditions. The contributions of hypohydration to observed,
cold-induced decrements in maximal aerobic power (37, ™**), muscular strength
and endurance, and/or manual dexterity are also not well understood. fir o, ™
and physical work capacity are reduced by hypohydration (Sawka and Pandolf,
1990). Small amounts of dehydration can produce alterations in thermal
regulation, and higher ratings of perceived exertion during exercise tests
(Greenleaf and Harrison, 1986; Montain and Coyle, 1992; Sawka, 1992). Cold-
induced dehydration also is accompanied by changes in disposition, leading to
sullenness, loss of appetite, breakdown in military discipline, failing physical
exertion, and finally exhaustion (Orth, 1949). Such dehydration, therefore, may
also contribute to cold injury.

In summary, in cold environments, dehydration compounded by CID is a
significant factor that is often not given necessary consideration. The
mechanisms of CID are not well understood, but overall hydration status
appears to play a role. Exercise-induced respiratory water losses and sweating
are additional contributors to dehydration in the cold. The changes in
performance, appetite, and emotions that are well documented with heat-related
dehydration also occur in cold-induced dehydration and can lead to cold injury.

The obvious countermeasure to dehydration is to drink fluids, but this
practice is not always possible. Major problems can arise from the logistical
constraints in delivery of drinking fluids during military operations in cold
environments. In cold weather, fluids for drinking will freeze unless they are
held in warm environments or have their solute concentration raised to lower
the freezing point. The logistical problem would not be altered appreciably by
attempting to meet fluid requirements by melting snow or ice due to the
additional weight of heat-producing units. Hyperhydration before cold exposure
is a useful strategy if cold stress will be of short duration.
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Macronutrients

Energy Sources

The energy requirements of an individual in the cold are discussed in
Chapters 11 and 12 in this volume by Peter J. H. Jones and Ian K. K. Lee and
by Jacques A. LeBlanc, respectively. Total energy requirement is the sum of (1)
the energy expended to maintain body functions (basal energy needs'), (2) the
energy expended in processing meals (the thermic effect of food), and (3) the
energy expended by physical activities (see Jones and Lee, Chapter 11 in this
volume). Exposure to cold environments has been shown to increase the basal
energy needs relative to the basal energy requirements measured under
thermoneutral conditions (BMR!), which has been attributed to the increased
energy demands of thermoregulation in the cold. In addition, activity-related
energy expenditure is increased by the cold, due to the increased difficulty of
locomotion over snow-covered terrain and the hobbling effect of multi-layered
clothing, heavy boots, and packs filled with cold-weather gear.

Until recently, attempts to determine the magnitude of the increase in
energy requirements in the cold focused on estimation of food intake, under the
assumption that in healthy, weight-stable individuals, intake represents need
(Kark et al., 1948).

Studies of energy needs of troops living in cold environments, based on
food intake, have suggested that energy needs range from 3,100 to 3,900 kcal/d,
(41 to 52 kcal/kg/d for a 75 kg man) depending on the activity performed and
the extent of cold exposure (both ambient temperature and duration of
exposure) (King et al., 1993; LeBlanc, 1957; Rodahl, 1954). More recent
studies in which measures of energy expenditure (based on the doubly labeled
water [DLW] method) rather than intake were used as a means of estimating
energy need indicate that energy requirements in the cold may vary from 3,400
kcal/d to 4,300 kcal/d (45 to 57 kcal/kg/d for a 75 kg man), depending again on
the degree of exposure to the external environment and activity levels (DeLany
et al., 1989; Hoyt et al., 1991; King et al., 1993). The difference in estimates of
energy requirement as determined by the DLW method compared to food intake
estimates may reflect the frequently encountered bias of underreporting in self-
reports of food intake found in other research studies (Schoeller, 1990; see
Jones and Lee, Chapter 11 in this volume).

! The basal metabolic rate (BMR) is the metabolic rate determined at rest at a
comfortable temperature in a thermoneutral zone, after 12 hours of fasting. Thus, the
determination of resting metabolic rates in cold environments does not meet the criteria
for BMR. The term "basal energy needs" is used here to indicate the energy requirements
of individuals in the cold, unrelated to exercise or the thermic effects of food.
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Some disagreement exists among data based on self-reported food intake
concerning the adequacy of energy intake by military personnel engaged in cold-
weather field exercises. While data reviewed by Baker-Fulco (1995) suggests
evidence of chronic underconsumption of energy and loss of weight in the cold,
evidence presented by LeBlanc (see Chapter 12 in this volume) show that
soldiers deployed to cold environments as well as members of arctic
expeditions tended to gain weight, at least initially. Enhanced appetite may
account for the 1 kg/month gain in weight observed during some studies of
subjects experiencing prolonged stays in Antarctica (Milan and Rodahl, 1961).
The estimates of energy intake reported by Baker-Fulco as well as by LeBlanc
were based on dietary records, which, as mentioned above, tend to underreport
caloric intake. In the case of the studies reviewed by Baker-Fulco, the reported
caloric deficits were at times too large to account for the reported weight losses.
In neither case was it possible to ascertain the activity levels of the subjects.
The answer to the question of whether undernutrition is a problem in the cold
may hinge upon the activity levels of the personnel in question as well as the
amount of rations consumed.

In summary, energy requirements of 41 to 57 kcal’kg/d have been
estimated for troops operating under conditions of arctic cold. The Military
Recommended Dietary Allowance (MRDA) for energy used in rations designed
for consumption in the cold is 4,500 kcal/d (60 kcal/kg/d for a 75 kg man) (AR
40-25, 1985). These present policies on nutrient density for energy needs of
troops in the cold thus appear to be sufficient, even when not all the rations
provided are consumed.

Determination of the optimal macronutrient ratio. Determination of the
optimal macronutrient ratio for provision of energy in the cold must take into
consideration a number of factors. These include the caloric density of fat as
compared to carbohydrate (or protein); the enhancement of thermogenesis
associated with the digestion, absorption, and storage of a particular nutrient
(thermic effect of food or TEF); the preferential metabolism in the cold of one
nutrient over another; and the preference of a particular nutrient in the diet.

* Relative caloric density and TEF of energy sources. In terms of caloric
density, fat provides more than twice the amount of energy per unit mass
compared to carbohydrate or protein, so that a ration providing a specific
level of calories but higher in fat would be lighter, and easier to transport.
Early concepts, largely based on the dietary practices of primitive
Eskimos, suggested that an Eskimo-like diet, composed of half fat and
half protein, was necessary to survive in chronic conditions of extreme
cold (Hoygarrd, 1941). These concepts were compatible with scientific
knowledge that high fat intake provides dietary energy with the greatest
caloric density. While a high fat ration would have the advantage of light
weight and easy portability, a fat-based
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diet has a number of disadvantages in the field and particularly in the
cold. A sudden change to a high fat diet has the potential to cause adverse
gastric (heartburn) and metabolic effects, the symptoms of which can be
difficult to distinguish from a heart attack (IOM, 1992). An additional
factor that must be considered in cold environments includes the TEF,
which is lower for fat than for either carbohydrates or protein.

* Preferential metabolism of one nutrient over another. The question of
whether one macronutrient is preferentially metabolized over another to
satisfy energy needs in the cold has been addressed by several groups of
investigators. As discussed above, the increase in energy requirements in
the cold is attributable to thermoregulation and to increased physical
activity. In Chapter 7 of this volume, Young and colleagues review the
energy requirements for thermogenesis, which occurs as a result of
increased voluntary muscular activity, or in the absence of voluntary
activity, involuntary muscle activity (shivering). For over 60 years,
evidence has pointed to voluntary physical activity in the cold as well as
in thermoneutral conditions being fueled preferentially by carbohydrate,
which provides 8 percent more energy per unit of oxygen consumed than
does fat (Lusk, 1928). Adequate stores of muscle glycogen are required
for provision of energy during periods of intense, prolonged exercise. At
a workshop held by the CMNR in 1987 to consider the possible benefits
of a calorie-dense ration, Gollnick (Unpublished paper, "Energy
production during exercise; influence of diet and training," P. D.
Gollnick, Washington State University, Pullman, Wash., 1987) reported
the average muscle glycogen content of an 80 kg man to be 480 g
(Gollnick 1985) and cited evidence from a study by Edwards and
coworkers (1932) reporting that during 6 hours of moderately intense
exercise, approximately 415 g carbohydrate was utilized. The ability of
muscles to replenish depleted glycogen stores is a function of dietary
carbohydrate intake. Also cited by Gollnick was a study by McDougall
and colleagues (1977) which showed that, following exercise-induced
muscle-glycogen depletion, 80 percent repletion was achieved in 24 hours
by feeding either 625 g carbohydrate or a diet containing 50 percent (378
g) carbohydrate. Thus, it has been estimated (IOM, 1992) that a minimum
of 400 g of carbohydrate is required per day for glycogen resynthesis.
Underconsumption of carbohydrate leads to a depletion of reserves which
necessitates reliance upon body fat stores for fuel (Costill, 1988).
Although it has been estimated that a typical person's reserve of fat
energy is sufficient to meet a 2000 kcal/d energy deficit for over a month,
the switch to fat as a primary metabolic fuel (without an adequate period
for adaptation) results in decreased physical (and mental) performance
(Phinney et al., 1983) and loss of lean body mass (Askew et al., 1987).
Thus, while the amount of carbohydrate that should be provided has not
been precisely determined, it is the consensus of the CMNR that a
minimum of 400 g should be provided. Further research is necessary to
define more precisely the
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carbohydrate intake required to replace glycogen at various exercise
intensities in cold (and in high-altitude) environments.

The amount of energy required for shivering is proportional to the degree
of cold exposure due to changes in intensity with need for heat generation.
According to Toner and McArdle (1988), this can contribute to an increase in
basal energy requirement of two- to fivefold over the resting metabolic rate in
thermoneutral conditions (RMR). A study of men briefly exposed to the cold
while at rest, showed an increase in metabolic rate of 2.5-fold over that of
RMR. Carbohydrate oxidation rose sixfold while fat oxidation rose by less than
twofold (Vallerand and Jacobs, 1989). These authors also reported that in the
cold, 51 percent of calories were derived from carbohydrate and 39 percent
from fat. (Energy from protein catabolism plays a relatively small role.) This
suggests that insofar as shivering contributes to the cold-related energy
requirements, these requirements are met by both carbohydrate and fat, with a
strong preferential utilization of carbohydrate.

The source of carbohydrate utilized by shivering muscle is discussed by
both Young et al. and Jacobs in Chapters 7 and 10 in this volume. The question
of whether shivering thermogenesis, like voluntary muscle activity, is
dependent upon glucose derived from glycogen and can be enhanced by
increasing dietary carbohydrate has attracted a great deal of interest since the
discovery of the crucial role of muscle glycogen in voluntary muscle activity
and the effect of dietary carbohydrate loading in improving physical
performance. Contradictory findings have emerged concerning the contribution
of blood glucose versus muscle glycogen stores as energy sources for
involuntary shivering (Jacobs, 1993; Martineau and Jacobs, 1989; Young et al.,
1989).

Young and colleagues contend that muscle glycogen stores do not seem to
be a particularly important substrate for shivering work (see Chapter 7 in this
volume for further review). They reported on their study in which muscle
biopsies were obtained from volunteers whose muscle glycogen stores had been
purposefully expanded or depleted prior to cold exposure. No differences were
found in muscle glycogen utilization or thermogenesis during cold-induced
shivering in nonexercising volunteers, despite the pre-exposure differences in
their stores of muscle glycogen (Young et al., 1989).

In contrast, Jacobs (see Chapter 10 in this volume) reports on studies with
a virtually identical experimental design, which showed that the muscular work
of shivering in cold water-exposed, nonexercising volunteers was fueled, in
part, by muscle glycogen (Martineau and Jacobs, 1988, 1989). These data were
in agreement with findings in experimental animals. In addition, the subjects in
Jacobs' study who had depleted pre-exposure stores of muscle glycogen showed
a small but significant increase in the rate of body cooling compared to subjects
with normal or high glycogen stores. Both Young and Jacobs have hypothesized
that the difference in results may have stemmed from Jacobs' selection of
extremely lean subjects, while Young et al. had used subjects with
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more body fat; however, no mechanism has been postulated to explain how this
might have brought about the difference in results.

Studies that have been completed since the workshop show that
carbohydrate supplementation during brief periods of cold exposure has no
influence on cold-induced (shivering) thermogenesis, suggesting that at least in
the short-term, energy-substrate mobilization is not a limiting factor in
thermogenesis (Glickman-Weiss et al., 1994; Vallerand et al., 1993). An
additional study has shown that during brief periods of cold exposure, blood
glucose is the primary source of fuel for shivering, with smaller contributions
from glycogen and lactate (Vallerand et al., 1995).

In summary, energy is needed in the cold to fuel both voluntary physical
activity and involuntary shivering. As in thermoneutral conditions, voluntary
muscular activity is fueled primarily by carbohydrate, and at high levels of
activity, a minimum of 400 g carbohydrate is recommended per day to replace
depleted glycogen stores. The energy requirements of shivering are supplied
primarily by carbohydrate, with fat contributing to a lesser degree. It would
appear that the carbohydrate utilized as fuel for shivering muscle derives from
both blood glucose and the glycogen stored in the muscle itself;, however,
further investigations with longer cold-exposures may be warranted. The
current recommendation of providing 4,600 kcal/d for troops operating in the
cold appears to be sufficient to meet the needs for carbohydrate for shivering
and voluntary muscle activity.

»  Preferential macronutrient distribution. Preference for macronutrient
distribution of energy does not appear to change in the cold; the usually
chosen distribution is 13 to 16 percent protein, 37 to 38 percent fat, and
48 to 49 percent carbohydrate (Hoyt et al., 1991; King et al., 1993; Swain
et al., 1949), which is essentially the same as the choices made under
conditions of moderate ambient temperature (Swain et al., 1949) and does
not substantiate information about dietary practices of the early Eskimos
(which were probably based upon the foods available rather than being an
adaptation to energy needs in the cold). The amount of fat being
consumed by troops studied under arctic conditions is within the range
currently consumed by a large portion of the American population, with
the most recent review placing the average intake by young Americans at
34 percent dictary fat (CDC, 1994). While this level of dietary fat is
higher than the current dietary recommendations for the general
population, which call for a fat intake of no more than 30 percent of total
calories (USDA, 1995), these recommendations do not take into
consideration the significant increases in caloric requirements under
circumstances that may be encountered in the cold.

In summary, there appears to be no change in the preference for one
macronutrient over another in the cold. The fat content of the diet, which is
higher than current dietary recommendations, may be justified by the higher
activity level and circumstances encountered in the cold.
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Protein

The protein requirements of individuals working in the cold are mentioned
briefly in Chapters 11 and 12, by Jones and Lee and by LeBlanc, respectively.
Jones and Lee cite an early study by Issekutz et al. (1962) that reported
significant increases in urea production during full-day cold exposures. They
interpreted this finding as an indication of an increased use of protein for energy
in the cold. Other studies by Rodahl et al. (1962), Jones et al. (1993), and
Vallerand and Jacobs (1989) failed to demonstrate any effects of brief cold
exposure on fasting protein oxidation. Similarly there was no effect of
prolonged cold exposure on fat free mass. In all studies however, dietary
records were not maintained so protein intake was not measured.

The MRDAs do not include a higher protein allowance for cold weather
(AR 40-25, 1985); the protein allowance of 100 g/d recommended for
moderately active males in temperate climates is the same as that recommended
for cold. In fact, since the recommended energy allowance is significantly
higher for cold (4,500 kcal vs. 3,200 kcal), the percentage of calories to be
contributed by protein is significantly lower (9 percent vs. 12.5 percent).

The nutrient contents of military rations employed in the cold are reviewed
and compared by LTC King in Chapter 5. The protein content of the Ration,
Cold Weather (RCW) (94 g protein per 4,500 kcal or 8 percent of energy
intake) is significantly lower than that of the Meal, Ready to Eat (MRE) (197 g
per 5,200 kcal or 15 percent of intake in 4 MREs). Thus, the protein content of
the RCW is significantly closer to MRDA levels for the cold than is the
recommended allotment of MREs. Comparison of the two rations in cold-
weather field trials by Edwards et al. (1992) revealed inconsistent effects of the
diets on measures of serum protein and albumin as well as blood urea nitrogen
(BUN). In addition both groups underconsumed calories and protein and lost
body weight, so it is difficult to draw conclusions about the adequacy of protein
intake. The authors commented, however, that the protein content of an MRE
plan is too high for cold weather consumption. This is because the increase in
urea excretion that would result from metabolism of the extra protein would
increase the requirement for water, and the availability of drinking water is
often restricted in cold environments. The authors therefore recommended
limiting protein intake to the level of the RCW. Based on early experiments by
Keeton et al. (1946), Askew (1989) recommends a daily intake of 100 g of
protein per 4,650 kcal as an optimal level for work in the cold.

The question of whether protein consumption increases during prolonged
cold exposure has no definitive answer. While anecdotal evidence has
suggested that Eskimos consume diets that derive approximately half of their
calories from fat and the rest from protein (see Jones and Lee, Chapter 11 in this
volume) (and soldiers participating in an 8-d cold-weather trial voluntarily
increased consumption of foods high in protein when offered a mixed diet
[Edwards et al., 1992]), several other studies reported no change in relative
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protein consumption in the cold. Nevertheless, an increase in protein intake in
the cold appears to have a beneficial thermic effect. The thermic effect of
feeding (TEF) for protein is higher than that for both carbohydrates and fat,
resulting in an increase in body warmth for the 5 to 6 hours following ingestion
of a high protein meal (Jéquier, 1993). LeBlanc (see Chapter 12 in this volume)
suggests that ingestion of protein late in the day may serve to increase warmth
throughout the night and prevent cold-induced waking.

In summary, while there is no evidence for an increased requirement for
protein in the cold, if an additional MRE were consumed, protein intake would
increase. When water supplies are scarce, there is good reason to maintain
protein intake at the MRDA level. The use of the lower protein RCW or
supplementation of the MRE with primarily fat-and carbohydrate-containing
supplements would be beneficial in minimizing the increase in protein in the
face of scarce water supplies.

A protein snack prior to retiring to sleep could provide some benefit from
the thermic effect of protein in cold environments.

Vitamins

The influence of cold exposure on the need for vitamins is reviewed by
Robert D. Reynolds in Chapter 13 in this volume. Given the extended period of
time required for a nutritionally-replete individual to develop vitamin A
deficiency and the relatively short duration of most expeditions and field
maneuvers, there appears to be little justification for increasing the
recommended intake of vitamin A. Likewise, there appears to be little rationale
for increasing the recommendations for vitamins D or K. Although Reynolds
proposes that increased consumption of vitamin E could possibly increase the
oxygen supply for such purposes as energy production, the scientific support for
this hypothesis is limited to a few studies (see Chapter 13 in this volume).

Thiamin, niacin, riboflavin, and pantothenic acid play a central role in the
production of sufficient energy for thermogenesis. However, there are no
experimental data indicating that increased consumption of any of these water-
soluble vitamins above MRDA levels (AR 40-25, 1985) (which are always
based on energy intake) provides any benefit to the cold-exposed individual
(see Reynolds, Chapter 13 in this volume). Therefore, the CMNR does not
recommend an increase in the dietary intake of these nutrients beyond MRDA
levels. Similarly, there appears to be little justification for increasing the
recommendation for vitamin B6, vitamin B12, biotin, or folic acid. Although it
has been proposed that vitamin C might play some role in maintaining core and
body surface temperatures, the 45-yr old study on which this concept is based
has never been confirmed (Thérien et al., 1949).

In summary, there are very few studies that have investigated the influence
of vitamin supplementation on resistance to hypothermia. Therefore, there is
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little evidence upon which to base recommendations to increase vitamin intake
above MRDA levels to help cope with cold stress.

Minerals

Reynolds (see Chapter 13 in this volume) did not identify any scientific
basis to justify increased dietary intakes of calcium, phosphorus, or magnesium
beyond MRDA levels as a consequence of cold exposure.

The possible effect of micromineral deficiencies on thermoregulation in
the cold is discussed by John L. Beard in Chapter 14 in this volume. Chronic
deficiency of a number of different trace elements, including iron, zinc, or
copper, may lead to defective thermoregulation (Lukaski and Smith, in press).
Iron deficiency could be a concern because of its importance in maintaining
core body temperature. However, there is no evidence at this time to indicate an
increased requirement for iron in cold conditions. Thus, MRDA levels should
be sufficient to prevent deficiency of this element.

Trauma and various types of stress are known to increase the urinary
excretion of zinc, and increased urinary losses of this trace element have been
observed during certain mountaineering expeditions (Rupp et al., 1978). The
effect of cold per se on zinc requirements has apparently not been studied.
Therefore, it is not possible to draw any conclusions regarding additional
requirements for zinc due to cold exposure.

There is no information regarding the effect of cold on dietary copper needs.

Animal studies suggest that selenium deficiency may impair the cold-
stimulated thermogenic response. However, as with the other trace elements,
deprivation over the several week time span typical of field exercises is not
likely to result in deficiencies of microminerals unless tissue reserves were
already in a depleted state. Consumption of diets providing MRDA levels of
microminerals should provide sufficient nutrients to allow for normal
thermoregulatory processes in the cold.

In summary, there appears to be no scientific basis at this time for altering
the dietary recommendations for any of the mineral nutrients discussed in this
report due to exposure to cold climates; however, additional research is
warranted.

APPETITE AND BEHAVIOR CHANGES IN THE COLD

In several long-term studies in cold environments, significant body weight
gains were observed (see LeBlanc Chapter 12 in this volume). It is unclear if
these weight gains can be attributed to an increase in appetite induced by the
cold exposure or if the gains in weight are due to other changes in the
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environment and activity patterns of the subjects. Among the other changes
common to all the studies described by LeBlanc in Chapter 12 were diet, season
of the year, emotional factors caused by isolation, and changes in physical
activity (Kark et al., 1948; Lewis et al., 1960; Milan and Rodahl, 1961).
Changes in diet alone seem unlikely to be the cause of the weight gain since the
foods used in some of the studies were reported to be less palatable than foods
consumed before the study. It is well known that a reduction in food intake does
not simultaneously occur with a reduction in physical activity. However, it is
not clear from these studies that changes in physical activity could account for
all of the weight gain. Likewise there is no clear evidence that the weight gain
observed in cold environment studies is due to season of the year or emotional
factors caused by isolation. LeBlanc suggests in Chapter 12 that cold exposure
per se is not a likely cause of the energy imbalance which leads to the weight
gains, because weight gains were not observed for individuals during the
coldest months of the year. In addition, the weight gains recorded in these
studies (see LeBlanc's review in Chapter 12 in this volume) could have resulted
from the sudden change in exposure to a cold environment, i.e., lack of
acclimatization. Perhaps the subjects would have reached a new stable weight if
the study had continued for a longer time. Clearly the study results tend to
indicate that exposure to a cold environment does not depress appetite.

THE HIGH-ALTITUDE ENVIRONMENT
PHYSIOLOGICAL CHANGES AT HIGH ALTITUDES

Basic Physiology of High-Altitude Exposure

A variety of physiological and mental responses are initiated by the unique
physical and environmental factors which characterize the Earth's high altitudes.
As reviewed by Allen Cymerman, Robert B. Schoene, and Inder S. Anand and
Y. Chandrashekhar (see Chapters 16, 17, and 18 in this volume, respectively),
many of these responses have adverse, mission-threatening impacts on military
performance, both in the short-term, as exemplified by acute mountain sickness
(AMS)?, and in the long term through diminished physical capacity because of
decreased muscle mass and the other effects of the environmental stress on the
body. Some of these adverse responses may

2 AMS is a syndrome noted in susceptible individuals that is associated with the rapid
ascent to (and short stays at) altitudes over 10,000 ft (3,048 m); AMS is characterized by
headache, nausea, vomiting, malaise, and ataxia.
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progress to pathophysiological, life-threatening conditions such as high-altitude
cerebral edema (HACE) and high-altitude pulmonary edema (HAPE)®.

An impressive number of studies has been conducted on mountain
climbers, military personnel, and acclimatized individuals residing at or
transiently exposed to moderately high altitudes, i.e., 10,000 to 15,000 ft (3,048
to 4,572 m). Far fewer studies have been conducted at extremely high altitudes,
i.e., 16,500 ft (5,029 m) and over. Integration of these various studies can be
difficult due to:

* numerous confounding variables (e.g., duration and severity of any
coexisting physical activity, harsh environmental conditions and
temperatures, and/or variations in fluid and food intake);

* interpersonal differences;

» speed of ascent;

« final altitude reached;

* duration of stay at altitude;

« relatively small number of subjects studied at extreme altitudes; and

* methodological difficulties and differences, especially in studies
involving salt and water balances and body fluid compartment volumes.

Available data thus are at times conflicting, and are generally difficult to
interpret.

Although some of the biophysical stresses of high altitude also can be
duplicated and studied in laboratory altitude chambers, difficulties in
interpreting field data typically have not been resolved by subsequent testing in
altitude chambers. Further, although excellent studies have been done with
laboratory animals or livestock exposed to high-altitude environments, their
applicability to the human situation remains uncertain.

Biophysical Realities of High Altitudes

High altitude presents an adverse environment that challenges the
physiological processes in the body. An individual can adapt (acclimatize)
somewhat to these environmental conditions, provided the altitude encountered
is not too high (for example, greater than 18,000 ft [5,486 m], which is
considered an extremely high altitude). Failure to acclimatize may result in

3 HACE is a syndrome associated with the rapid ascent of susceptible individuals to
high altitudes and stays of prolonged duration, HACE is characterized by a progression
of the neurological symptoms of AMS. HAPE is a clinical complex caused by the rapid
ascent of unacclimatized individuals to altitudes greater than 8,202 ft (2,500 m); HAPE
is characterized by fatigue, weakness, dyspnea (without exertion), and tachycardia. The
pulmonary edema may be neurogenic in origin (Hackett et al., 1989).
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minor medical illnesses, known collectively as acute mountain sickness (AMS)
or major life threatening illnesses (i.e., HAPE or HACE) (see Cymerman,
Chapter 16 in this volume).

The challenging environmental conditions at high altitudes include
hypobaric hypoxia, dry air, and extreme variations in external temperature.
Each of these conditions elicits physiological responses that appear to allow the
individual to remain conscious and functional during the first hours and days at
high altitude (Cymerman and Rock, 1994).

The governing biophysical factor at high altitudes is the decreasing
barometric pressure that characterizes increasing altitude (Cymerman and Rock,
1994). Although the atmospheric concentration of oxygen remains at a constant
20.93 percent at all terrestrial altitudes, the partial pressure of oxygen (pO, =
0.2093 x barometric pressure) falls along with the decline in barometric
pressure. As altitude increases, the lowered oxygen pressure (pO,) in pulmonary
alveolae causes a declining saturation of hemoglobin in arterial blood, and a
lower oxygen pressure gradient throughout the body, especially at the level of
the capillaries, where the pO, may be close to zero. With low pO, the blood
flow is too rapid to allow appropriate gaseous exchange, resulting in
unfavorable conditions for oxyhemoglobin dissociation. Exercise of any kind
becomes difficult. Respiratory rate and heart rate increase in response to
chemoreceptor activity with resultant modest improvement in oxygen delivery.

The dry air found in high environments adds to the problem of oxygen
delivery at altitude. Because air must be moistened to protect the respiratory
epithelium, water is added to the air inspired at each breath. As a result, alveolar
pO, is further reduced. This process adds about 47 mm Hg of water vapor
pressure to the alveolar gasses. Further exacerbating the alveolar "crowding" is
expired CO,, which contributes 40 mm Hg with normal breathing and increases
transiently at altitude. With the higher respiratory rates characteristic of high
altitudes, the concentration (and thus partial pressure) of alveolar CO, declines
somewhat with time, allowing alveolar pO, to increase somewhat with length of
exposure (Milledge, 1992; Buskirk and Mendez, 1967). The increased rate of
respiration increases fluid loss through the lungs, creating the potential for
dehydration if fluid intake is not maintained.

The oxygen dissociation curve for hemoglobin is another important
physiological factor at high altitudes. The curve "breaks" at about 14,110 ft
(4,300 m), at which point hemoglobin saturation is already decreased to 85
percent of that seen at sea level. At even higher altitudes, small declines in the
pO, of alveolar air result in large declines in arterial blood and hemoglobin
saturation, making even the act of breathing hard work.

As altitude increases, ambient temperature decreases at a rate of
approximately 3.6°F/984 ft (2°C/300 m) rise in elevation. However, work at
high altitudes has the potential for creating extremes of temperature for the
individual, with sweating one minute as a result of strenuous work in heavy
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clothing, and shivering the next because of cessation of effort. These
vacillations as well as the decreased ambient temperature provide further stress
to the cardiovascular system. Plasma volume falls, and heart rate increases.
Basal energy requirements are elevated in individuals living at altitude, and
total energy requirements are elevated in those performing work at altitude.

Physiological Responses at High Altitudes

Many factors contribute to the impaired ability of soldiers to perform at
high altitudes. Acclimatization of the various physiological processes occurs at
varying rates as cardiovascular, respiratory, and biochemical responses all adapt
to maintain a normal hemoglobin saturation.

Within the first 7 days of high-altitude exposure, respiratory rate increases
(when pO, drops below 122 mm Hg) in response to central and peripheral
chemoreceptor input to the respiratory centers in the brain. This response is
countered by an exaggerated loss of CO ,, leading to central respiratory
depression (Bender et al., 1989). The system comes to an equilibrium after
about 20 days at high altitudes (Bender et al., 1989).

A rise in cardiac output at rest also occurs at high altitudes, because of an
increase in heart rate in the face of a constant stroke volume (Hannon and
Vogel, 1977). Plasma volume declines, concentrating the available hemoglobin,
and venous return decreases, thus finally depressing stroke volume after the first
3 to 5 days at high altitudes (Hannon and Vogel, 1977). Cardiovascular
responses also reduce peripheral blood flow, with a shunting of blood to the
heart, lungs and brain. These responses are influenced by an increased secretion
of norepinephrine, as evidenced by increases in both plasma and urinary
norepinephrine values (Brooks et al., 1991; Cruz et al., 1976; Cunningham et
al., 1965; Hoon et al., 1976; Kotchen et al., 1973; Mazzeo et al., 1991; Moncloa
et al., 1965; Reeves et al., 1992; Young et al., 1989).

Cardiovascular responses are also influenced by alterations in body salt
and water balances. Diuresis upon acute exposure to high altitudes is reported
frequently, and is thought to contribute to the concentration of available
hemoglobin. Red cell mass increases over time in response to secretion of
erythropoietin, providing a more permanent mechanism for maintaining oxygen
saturation. Exercise at high altitudes worsens hypoxia, but there is no change in
the energy cost of performing a given task. At very high altitudes (18,000 ft
[5,486 m]), there is a linear decrease in O, consumption and exercise
performance, and the work of breathing becomes a major factor in itself. The
combination of stress, physical activity, and hazardous terrains often leads to
physical injuries.
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Water Balance at High Altitudes

As reviewed by Anand and Chandrashekhar (see Chapter 18 in this
volume), data from more than 50 studies on fluid shifts at high altitudes are
conflicting and controversial. Many studies show that diuresis occurs upon
acute exposure to high altitudes (for example, Phillips et al., 1969), but an equal
number show anti-diuresis (for example, Singh et al., 1990). Few studies have
had adequate experimental controls for the insufficient dietary intake observed.
This dietary insufficiency could result in diuresis from the excretion of
breakdown products of lean and fat tissues. Conversely, water retention is most
common at extremely high altitudes, and contributes to AMS as well as to both
HAPE and HACE (Anand and Chandrashekhar, 1992; Anand et al., 1990).
Exercise also stimulates an accumulation of body electrolytes and water, and
may cause the plasma volume to increase (Withey et al., 1983).

Changes in water excretion are influenced by a number of regulatory
hormones. Hypoxic subjects, at rest, generally show decreased plasma
concentration of aldosterone, which results in a decrease in sodium retention
and thus in water retention (Bouissou et al., 1989; Colice and Ramirez, 1985,
1986; Heyes et al., 1982; Hogan et al., 1973; Mabher et al., 1975; Maresh et al.,
1985; Milledge et al., 1983; Olsen et al., 1992; Raff et al., 1986; Ramirez et al.,
1992; Shigeoka et al., 1985; Slater et al., 1969a, b; Sutton et al., 1977). Hypoxia
also blunts the normal increase in aldosterone associated with exercise even
when the same amount of exercise is done (Maher et al., 1975; Milledge et al.,
1983; Olsen et al., 1993; Shigeoka et al., 1985). A decrease in renin activity
seems to follow similar patterns. The function of renin is to convert the
prohormone angiotensinogen to the active hormone angiotensin. Angiotensin is
a potent peripheral vasoconstrictor that promotes renal sodium retention and
stimulates secretion of aldosterone by the adrenals. Thus, with hypoxia the
renin-angiotensin-aldosterone relationship becomes uncoupled. Responses of
antidiuretic hormone (ADH) also differ with the degrees of hypoxia and
exercise. ADH secretion decreases when hypoxia is moderate and exercise is
light, thus resulting in decreased fluid retention, and increases with extremely
high altitudes and/or severe exercise stress, which would increase fluid
retention (Bartsch et al., 1991).

Increases in the stress-related hormones, cortisol and norepinephrine, are
associated with both high altitude and exercise and may affect fluid balance.
Subjects who are prone to develop AMS have an atypical ADH and aldosterone
response, which increases fluid retention (i.e., both hormones tend to increase in
concentration in the blood at high altitudes, rather than decrease, with the
increases being exaggerated by exercise).

Relatively few data exist on renal function at high altitudes; the small
amount of information available suggests that high altitudes lead to a decrease
in effective renal plasma flow (ERPF), although glomerular filtration rates are
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maintained (Olsen et al., 1993). Undoubtedly, the magnitude of these changes
varies, depending on the conditions under which they are measured.

Cymerman (see Chapter 16 in this volume) emphasizes that dehydration is
a militarily important factor, especially when exposure to moderately high
altitudes is abrupt and accompanied by strenuous exercise. With moderate-
altitude exposure, diuresis is an important component of the initial
physiological response, anti-diuresis being associated with AMS (Anand et al.,
1990). However, fluid losses because of high altitude and exercise may be
exacerbated by fluid loss associated with inadequate energy intake. Dehydration
is exaggerated by a reduced sensation of thirst with an accompanying reduction
in fluid intake (Adolph et al., 1947). The dehydrated state may be further
exacerbated by both sensible and insensible water losses. Exercise in bulky
clothing induces significant sweating, at a rate as high as 2 liter/h. Insensible
losses through skin (minor) and respiratory epithelium may reach 1 to 2 liter/d
even without exercise (Milledge, 1992). This respiratory fluid loss also carries
with it significant heat losses, which increase the maintenance energy
requirement by as much as 1.6 times that at sea level (Gonzalez et al., 1985). At
moderately high altitudes, losses of body fluids are proportional to losses in
body weight, and there are significant decreases in plasma volume (Jain et al.,
1980, 1981; Singh et al., 1986, 1988, 1990). In addition, there are uncontrolled
shifts of fluid out of the vascular compartment, which, along with the initial fall
in total body water, help lower the stroke volume. Some studies show
intracellular dehydration as well. Fluid losses thus contribute to the observed
losses of body weight. Dehydration may engender symptoms comparable to
those of AMS. Body water must be maintained at high altitudes, but should not
be by the ingestion of bacterially-contaminated fluids or snow.

In marked contrast, an accumulation of body salt and water occurs in
individuals who remain at extremely high altitudes (over 18,000 ft [5,486 m)]
for many weeks. Anand's studies, in 10 asymptomatic soldiers who lived at
22,000 ft (6,706 m) for at least 10 weeks, showed a 20 percent increase in total
body water. There was also an 80 percent increase in circulating blood volume
because of sizable increases in both plasma volume and red cell volume. Fluid
accumulations were accompanied by an 18 percent increase in body sodium, a
reduced renal blood flow, and increased circulating concentrations of
norepinephrine, cortisol, and aldosterone (Anand and Chandrashekhar, 1992).

Acclimatization to High Altitudes

Acclimatization to moderately high and high altitudes depends upon the
swiftness of ascent, as well as the duration of the stay. Individual physiological
systems acclimatize at different rates, some taking as little as a few days, others
as long as a month to years to fully adjust (see Figure 1-1 below). With
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acclimatization there is a continuing hyperventilation over the first 14 days at
high altitude, with a slow rise in O, saturation of hemoglobin. The kidney
corrects the respiratory alkalosis, and after a month or so there is an increase in
the number of circulating red blood cells in response to increased erythropoietin
secretion (see above under "Physiological Responses to High Altitudes"). As a
rule acclimatization will occur at elevations up to 17,000 ft (5,182 m), but full
acclimatization rarely occurs at extremely high altitudes.

Altitude-Induced Illness

Failure to acclimatize results in a continuum of symptoms. AMS may vary
from a minor problem to a militarily incapacitating illness. AMS is
characterized by mild to severe headaches, mild to severe nausea and vomiting,
and a general lethargy with possible personality changes (Bahrke and Shukitt-
Hale, 1993; Hackett et al., 1989). Further, more severe illnesses include an
accumulation of fluid in the lungs (HAPE), because of leaking of the
endothelial membranes, and in the brain (HACE), possibly because of a similar
mechanism. HAPE is characterized by inability to perform, or even to walk, and
often includes the production of foamy sputum (Hackett et al., 1989). The
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FIGURE 1-1 Approximate size, direction, and temporal changes that occur
during acclimatization to 14,000 to 15,000 ft (4,267 to 4,572 m). SOURCE:
Adapted from Houston (1982).
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accumulation of fluid in the interstitial space increases the distance across
which oxygen must diffuse to reach the cells and thus further compromises
performance ability.

Acute Mountain Sickness (AMS)

Acute mountain sickness (AMS) has been recognized for centuries, and
occurs in most individuals to some degree at altitudes of 11,500 ft (3,505 m) or
more. About 25 percent of tourists develop signs of AMS at elevations of only
8,900 to 10,000 ft (2,712 to 3,048 m), the severity and incidence depending
upon the rate of ascent (Hackett et al., 1989). A severe bilateral headache is the
primary symptom, but AMS also produces extreme fatigue, shortness of breath,
and sleep disturbances. The headaches are accompanied by sharp increases in
cerebral blood flow velocities, as measured by Doppler techniques. Cerebral
symptoms of AMS may be secondary to an initiation of brain edema (Hackett et
al., 1989).

Intestinal disturbances, with vomiting, are aggravated by expanding
intestinal gas, and gas trapped in nasal sinuses can be particularly painful. AMS
severely reduces appetite. The ability to carry out various functions is markedly
impaired. AMS is usually self-limiting within 3 to 7 days of exposure.

Strangely, some individuals show no symptoms of AMS, whereas those
who suffer AMS once are likely to experience it every time they go to high
altitudes. Freedom from AMS seems to be linked to the ability to diurese
quickly, and diuretics have been used as therapy. The drugs most widely used to
treat AMS are acetazolamide (Diamox), a carbonic anhydrase inhibitor, and
adrenocorticoids (especially Decadron) (Hackett et al., 1989). Acetazolamide
stimulates breathing and prevents nocturnal periodic respiration; it also
stimulates renal bicarbonate excretion to balance the respiratory alkalosis
caused by hyperventilation. Acetazolamide is effective at 125 mg given up to
twice daily, beginning with the onset of symptoms (Hackett et al., 1989).
Adrenocorticoid therapy should be reserved for those seriously ill with AMS
due to its failure to promote acclimatization.

Subacute Mountain Sickness

A new syndrome, termed subacute mountain sickness, was observed in
healthy young soldiers who had spent several months at extremely high
altitudes of approximately 22,000 ft (6,706 m) (Anand et al, 1990). As
described by Anand and Chandrashekhar (see Chapter 18 in this volume), the
syndrome appeared to be one of severe systemic and congestive heart failure
without pulmonary hypertension. About 20 percent of the group developed
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shortness of breath, puffiness of the face and eyelids, anasarca (generalized
pitting edema), and pericardial fluid accumulation, with a normal heart size and
normal pericardium. Left ventricular function was also normal on cardiac
catheterization. These accumulations of fluid all disappeared in a few weeks at
sea level with no additional therapy.

High-Altitude Cerebral Edema (HACE)

Severe AMS can precede or predispose to cerebral edema, which is termed
high-altitude cerebral edema (HACE) (see Cymerman, Chapter 16 in this
volume). This edema of the brain tissue is accompanied by engorged cerebral
and retinal arteries, extremely high cerebrospinal fluid pressures, and
sometimes small cranial and retinal hemorrhages. The edema can be
progressive, and even lethal, unless treated rapidly by oxygen administration,
by moving the patient quickly to a lower altitude, and/or by using a hyperbaric
bag (Hackett et al., 1989).

High-Altitude Pulmonary Edema (HAPE)

An acute build up of fluid transudate in the alveolae and the bronchial tree,
associated with pulmonary artery hypertension, is another potential problem of
high altitudes (see Cymerman, Chapter 16 in this volume). This high-altitude
pulmonary edema (HAPE) is complicated by bronchial secretions that are
extremely thick and viscid due to leakage of protein into the alveolar and
bronchial fluids. These fluids block gas exchange within the lung. This
potentially lethal condition may develop quite quickly, and it requires
immediate therapeutic measures, such as oxygen administration and removal of
the patient to lower altitudes, which usually correct the problem.

Weight Loss at High Altitudes

Sojourns at high altitudes result in weight loss in most individuals allowed
to eat ad libitum (see discussion by Gail E. Butterfield, Chapter 19 in this
volume). As pointed out above, some of this weight loss may be a result of
diuresis, other contributing factors include a decline in appetite, which accounts
for a deficit of almost 200 kcal/d in most studies, and an increase in basal
energy needs, which accounts for almost 300 kcal/d. Thus, even a sedentary
visitor to high altitudes may experience an energy deficit of at least 500 kcal/d.
There is little data to suggest that this deficit is further exacerbated by
malabsorption of fat, carbohydrate, or protein.
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However, the loss of body weight is often accompanied by negative
nitrogen balance, with associated losses of muscle mass, which may
significantly impact on performance. The inevitability of this weight loss has
been debated, but recent studies by Butterfield and colleagues suggest that strict
attention to adequacy of energy intake can essentially eliminate this problem, as
well as diminish some of the diuresis of acute exposure (see Chapter 19 in this
volume).

The provision of sufficient energy intake to meet energy expenditure needs
in experiments where individuals visit high altitudes also ensures the study of
true metabolic responses to hypoxia, not malnutrition. Under circumstances of
energy balance, Butterfield reports in Chapter 19 in this volume that the
primary metabolic fuel at rest and during exercise after acclimatization to high
altitudes is carbohydrate (Roberts et al., in press a), with the utilization of fat
falling to very low levels (Roberts et al., in press b). Thus, enforced
consumption of carbohydrate foods to ensure adequate energy intake is
important. In field situations, sufficient time must be allowed for preparation
and consumption of adequate energy and carbohydrate to maximize troop
productivity and decrease morbidity.

Effects of Age and Gender on Response to Altitude

Little information is available concerning the effects of age and gender on
physiologic response to high altitudes. Some investigators claim that women
acclimatize better than men (Hannon et al., 1976) in that basal metabolic rates
and appetite appeared to return toward sea level values more rapidly in women
studied at high altitudes than in men. However, very few studies of women have
been conducted, and the impact of menstrual cycle phase on the process of
acclimatization is completely unknown, although sex hormones have been
shown to influence the key physiologic processes involved in acclimatization
(Tatsumi et al., 1995).

In addition, several aspects of energy metabolism known to be affected by
altitude in men are also affected by phase of the menstrual cycle at sea level in
women. These include food intake (Lyons et al., 1989), basal metabolic rate
(Meijer et al., 1992; Webb, 1986), nitrogen balance (Calloway and Kurzer,
1982), and fat utilization (Hackney et al., 1991). Thus, the investigation of the
interaction of these factors with altitude and menstrual cycle would be
important for understanding the needs of female troops.

The issue of age and high-altitude acclimatization is also not adequately
investigated at the present time.
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CHANGES IN NUTRIENT REQUIREMENTS AT HIGH
ALTITUDES

Macronutrients

Energy Sources

Total dietary energy requirements at altitude are discussed by Reed W.
Hoyt and Arnold Honig (see Chapter 20 in this volume). These needs are
determined by the type and duration of physical activity, preexisting body
energy stores, and environmental conditions. The macronutrient composition
used to provide dietary energy depends upon the intensity and duration of the
exercise performed, the macronutrients available from body stores and the diet,
and environmental conditions.

Troops in the field at high altitudes frequently experience energy deficits
as a natural consequence of high energy outputs and limited intakes. Under
training circumstances, strenuous exercise (greater than 75 percent of maximum
oxygen consumption, 37 ,, ™*) may be performed for as many as 17 to 18 hours
each day. Work expenditures as measured by the DLW technique may reach 4
to 7 times basal metabolic rate (BMR) (Forbes-Ewan et al., 1989; Hoyt et al.,
1991). Hoyt and Honig report on a study of 781 soldiers engaged in field
maneuvers at altitudes of 7,000 to 11,000 ft (2,134 to 3,353 m), for 3 to 34 days
who demonstrated a mean energy expenditure of 3,500 kcal/d, or about 2.2 x
BMR (Jones et al., 1990).

Military operations at high altitudes may require even greater increases in
energy expenditure. Basal metabolic rates at altitude may initially be elevated
20 to 30 percent above those at sea level. After 2 to 3 days, BMR falls and may
be maintained at 15 to 16 percent above sea level values. The time course of
this elevation varies among studies. Some studies show these acute (20 to 30
percent) increases to be sustained for 1 to 2 weeks while other studies show the
elevation to be maintained throughout a 3-wk stay (Butterfield et al., 1992;
Meda, 1955; Nair et al., 1971; Stock et al., 1978; Terzioglu and Aykut, 1954).
The decline in BMR with acclimatization seems to be the result of inadequate
energy intake. Individuals native to high altitudes demonstrate elevated BMRs
as compared to individuals at sea level of similar body size, and individuals
required to consume the energy at a level equivalent to their need will maintain
an elevated BMR throughout altitude exposure.

Although altitude acclimatization increases endurance capacity, there is
little change in energy expended at submaximal work loads between altitude
and sea level, either acutely or with chronic exposure. Thus, energy expenditure
for specific tasks is no different at high altitudes than at sea level (Fulco and
Cymerman, 1988; Grover et al., 1986; Young and Young, 1988).

The high energy requirements of training are usually not countered by
increased intakes. Rather, dietary intake in field situations is frequently
inadequate to meet needs due to decreased palatability of foods provided,
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boredom in menus, reluctance to work on a full stomach, lack of fluid
availability, odd meal times, anxiety, or self-imposed dieting. In Chapter 20 of
this volume, Hoyt and Honig present a review of 11 recent field studies. In
these studies the reported energy intakes using dietary records were about 2,400
kecal/d, although approximately 3,600 kcal/d were provided. This intake
represented a consumption of only about two-thirds of the rations provided,
which created a theoretical energy deficit of almost 1,000 kcal/d.

The anorexia commonly experienced at high altitudes may contribute to
this difficult situation. There is some speculation that the anorexia of altitude
may serve to limit sodium and water intake with the teleologic consequence of
adjusting body stores for better acclimatization (Hoyt and Honig, 1996).
However, no research in human subjects has been able to attribute the anorexia
of acute mountain sickness to a possible physiological mechanism.

The metabolic fuels used to supply energy requirements during military
operations at high altitudes are derived from both dietary sources and
preexisting body stores. Most troops have fat stores sufficient to cover an
energy deficit of 1,000 kcal/d for 1 to 2 months (fat stores equivalent to about
30,000 to 60,000 kcal, or about 9 kg of fat mass) (Sahlin, 1986). However,
glycogen stores, which determine to some extent the endurance capacity of the
individual, are more limited. Carbohydrate needs, based on a mean Respiratory
Exchange Ratio (R) of 0.85, which represents a carbohydrate contribution to
energy supply of about 70 percent (Kleiber, 1961), would need to be at least
400 g/d. Normal rations available to troops supply 580 to 680 g carbohydrate
per day (AR 40-25, 1985; see Table 1-3); however, data presented by Hoyt and
Honig (see Chapter 20 in this volume) suggest actual carbohydrate intakes of
less than 300 g/d. Thus, inadequate carbohydrate intake may exist in troops
working at high altitudes, a state which might contribute to diminished
performance.

The failure to match dietary fuel supply with physiological need results in
a shift in metabolic fuel use toward fat. Increased energy needs at high altitudes
may increase the use of body fat under these circumstances of energy deficit.
Acclimatization results in a decrease in muscle glycogen utilization (Young et
al., 1982) and a decrease in muscle lactate (Green et al., 1989) in individuals
functioning under an energy deficit, suggesting to Hoyt and Honig that
acclimatization leads to an increase in fat utilization. However, in individuals
maintaining adequate energy intake, the situation may be reversed (Roberts et
al., in press a).

Estimation of energy requirement in the field is difficult. Hoyt and Honig
(see Chapter 20 in this volume) describe a new ambulatory monitor and method
that involves estimation of energy expenditure based on body weight, the time
during each stride that a single foot contacts the ground (foot contact time), and
the nature of the terrain being covered. The resulting estimate is based on the
energy cost of supporting body weight and the rate at which this force is
generated. The rate of force generation can be estimated as total body
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weight divided by the time during each stride that a single foot was in contact
with the ground. One relevant finding was that soldiers performing similar tasks
in mountainous terrain had energy expenditures proportional to their total
weights (Hoyt et al., 1994). This method is currently being tested and still
requires validation against other methods, such as the use of doubly labeled
water.

In summary, soldiers in field training exercises, particularly those in
mountainous, high-altitude terrain, are characteristically in negative energy
balance. This deficit is largely attributable to the amount of time spent in
physical activity, the weight of work loads, the elevation in basal energy
requirements at high altitudes, and the limited consumption of field rations.
Food and salt intakes appear to be reduced during the periods of adaptation to
altitude. Carbohydrate intakes should be encouraged during such periods of
adaptation to altitude.

Protein

A major observation of many of the studies reviewed by Butterfield and by
Hoyt and Honig (see Chapters 19 and 20 in this volume, respectively) was the
significant loss of lean body mass (LBM) among most of the subjects. The
question raised was whether the protein requirement was increased in high-
altitude environments or whether this loss in LBM was due only to a negative
energy balance. Butterfield points out that the LBM losses were accompanied
by losses of both total body weight and fat mass, which indicated that a
negative energy balance was a more likely explanation for the LBM loss rather
than an increased protein requirement. She further reasons that negative energy
balance was likely caused by anorexia coupled with an increased metabolic rate
induced by altitude exposure. In studies designed to increase energy intake
during high-altitude exposure, Butterfield et al. (1992) demonstrated that if
subjects were encouraged to consume sufficient energy to achieve energy
balance, body weight losses were corrected and nitrogen balance could be
achieved. The implication of these data is that the loss of lean body mass and
resulting negative nitrogen balance are due entirely to the negative energy
balance caused by anorexia and increased metabolic rate and not to an increase
in protein requirements per se. Butterfield et al. (1992) further report that in a
study where energy needs were adequately met throughout a 21-d stay at 14,000
ft (4,267 m), both body weight and nitrogen balance were maintained. It should
be noted that these studies involved only moderately active, untrained
individuals. Further studies involving strenuous exercise such as those
performed by military troops on maneuvers, should be conducted using
continuous nitrogen balance to define protein requirements in military type
activities at high altitudes.
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In summary, based on the available data, there is no apparent scientific
rationale for increasing the recommended protein allowance for work at high
altitudes above the existing MRDA value as provided to soldiers in cold
weather rations. Strategies described in previous reports (IOM, 1995a) should
be employed to encourage soldiers to eat their rations and thereby meet their
energy needs and avoid negative nitrogen balance.

Vitamins

As in the case of cold exposure, no scientific basis was found to
recommend increasing dietary recommendations for vitamins A, D, or K for
individuals working at high altitudes (see Reynolds, Chapter 13 in this volume).
However, the provocative data of 1. Simon-Schnass (see Chapter 21 in this
volume) showing that high doses (400 mg/d) of vitamin E decreased the
exhalation of pentane and the production of thiobarbituric acid-reacting
substances (TBARS) by erythrocytes of subjects at high altitudes, suggest that
tocopherol may have a role in inhibiting increased lipid peroxidation under such
conditions. Furthermore, a high dose of vitamin E appeared to improve the
rheological characteristics of blood of subjects at high altitudes (see Reynolds,
Chapter 13 in this volume). However, no attempt was made to titrate the dose of
vitamin E between the dietary levels typically ingested on such expeditions
(17-19 mg/d) and the large intervention dose (400 mg/d), nor was dietary
vitamin E controlled. Since no dose-response was observed, it is not possible to
arrive at a precise dietary recommendation based on this research. Nonetheless,
the committee believes that the data were sufficiently intriguing that additional
research along these lines should be encouraged.

As with cold exposure, concern was expressed regarding the adequacy of
current dietary recommendations for the water-soluble vitamins essential for
energy production (thiamin, niacin, riboflavin, and pantothenic acid) for
individuals at high altitudes (see Reynolds, Chapter 13 in this volume).
However, the influence of high altitudes on the requirement for these vitamins
appears not to have been studied, so there is no basis for modifying these
recommendations, which are already related to the levels of energy expended.
Also, no data were found regarding the effect of altitude on requirements for
vitamin Bg, vitamin By,, biotin, or folic acid. Although some altitude simulation
studies conducted during the early 1950s indicated that such treatment
decreased tissue concentrations of vitamin C in guinea pigs and urinary
excretion of ascorbic acid by humans (Boutwell et al., 1950; Mitchell and
Edman, 1951), this suggestive research does not permit any quantitative
expression of increased vitamin C requirements at high altitudes.

In summary, with the possible exceptions of vitamins E and C, there is
little indication that increased vitamin intake is of any benefit to persons
exposed to high altitudes. Further research is needed before the recommended
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allowances for vitamins E and C could be increased to levels above the current
MRDA.

Minerals

No scientific justification could be identified for increasing the dietary
intake of calcium, phosphorus, or magnesium beyond MRDA levels because of
exposure to high altitudes (see Reynolds, Chapter 13 in this volume). However,
adequate iron nutriture is important for individuals working at higher
elevations, because of the well-known phenomenon of altitude-induced
polycythemia. For example, iron-deficient individuals living at altitudes of
11,800 to 13,500 ft (3,597 to 4,115 m) had a lower maximal workload and
voluntary V,,™** than controls with adequate iron status (Beard et al., 1988).
Transiently increased iron absorption has been observed following exposure to
15,000 ft (4,572 m) altitude, so that any temporarily increased need for iron was
presumably compensated for by this mechanism (Reynafarje and Ramos, 1961).
Therefore, there appears to be no reason to advocate dietary intakes of iron
greater than MRDA levels because of high-altitude exposure. Urinary excretion
of zinc was not increased during an expedition carried out at moderate altitudes
(8,000-14,000 ft [2,438-4,267 m]) but urinary zinc losses were significantly
elevated during exposure to the very high altitude of 27,726 ft (8,450 m)
altitudes (Deuster et al., 1992; Rupp et al., 1978). Urinary losses of zinc
averaged between 0.5 and 0.9 mg/d during an expedition to Mt. Everest, with a
peak excretion of 3.2 mg/d (Rose et al., 1987). Since the maximum excretion
appeared to coincide with periods of greatest physical exertion, these
abnormally high urinary losses were thought to be due to muscle breakdown.
Losses of body zinc generally accompany negative balances of energy and/or
nitrogen. An increased gastrointestinal absorption of the element could
compensate for these increased excretory losses of zinc, but further research
into the possibility of increased dietary zinc needs at high altitudes is warranted.
With regard to copper, there is insufficient information to determine whether
dietary copper needs are increased as a result of high-altitude exposure.

In summary, although physiological needs for iron appear to be increased
at high altitudes, enhanced compensatory absorption may obviate the need for
increased dietary intake. Additional research is warranted to clarify this point.
Similarly, the increased zinc losses seen at very high altitudes may be partially
compensated by increased absorption.
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APPETITE AND BEHAVIOR CHANGES AT HIGH
ALTITUDES

Mental Response to High Altitudes

A hypoxic person often experiences personality changes, beginning with
euphoria and then depression, with compromised ability to make decisions,
especially when severe cold is a confounding factor (Nelson, 1982; Shukitt and
Banderet, 1988; Tune, 1964). As noted by Schoene (see Chapter 17 in this
volume), high altitudes "dull the spirit and engender a loss of spontaneity." He
also noted, "the higher you go, the slower you go." As hypoxia worsens, there is
increasing sensory and mental impairment, with the potential for paranoia and
hostility. Patterns of mental response differ with individuals and the time course
of acclimatization. Affect and emotions are altered at 14,000 ft (4,267 m) and
above to the extent that cohesive groups, such as small military units, may
experience a social breakup or dysfunction (Nelson, 1982; Shukitt and
Banderet, 1988; Tune, 1964). There may also be decreased ability to perform
small motor tasks which may persist after acclimatization.

Sleep is disturbed at altitudes of 14,000 ft (4,267 m) and above. Sleep
becomes periodic, often with Cheyne-Stokes breathing* and periodic awakening
accompanied by gasping for breath. There may be as much as a 50 percent
reduction in total sleeping time, and a decrease in REM sleep (Anholm et al.,
1992; Goldenberg et al., 1992; Normand et al., 1990; Sutton et al., 1979; Weil,
1985; White et al., 1987). This disturbed sleep pattern usually corrects within 3
to 5 days, but in some individuals may last for weeks. The general and REM
sleep deprivation may contribute to personality changes.

The Effect of Altitude on Cognitive Performance and Mood States

Physiological changes associated with exposure to altitudes above 10,000
ft (3,048 m) are often accompanied by changes in mood, performance, and
appetite (see Chapters 17 and 22 in this volume). The limited available data are
based on self-evaluation and suggest that there is mood impairment at high
altitudes, including unfriendliness, impaired thinking, and dizziness (Bahrke
and Shukitt-Hale, 1993; Van Liere and Stickney, 1963). Other data indicated
fatigue, which may have been exacerbated by physical exertion and increased
oxygen demand (Shukitt and Banderet, 1988; Shukitt-Hale et al., 1990). In an

4 Cheyne-Stokes breathing is characterized by a gradual increase in depth and
sometimes in rate to a maximum of inhalation and exhalation. This pattern is followed
by an overall decrease in breathing rate, resulting in apnea. The cycles ordinarily are 30
seconds to 2 minutes in duration, with 5 to 30 seconds of apnea. This is characteristically
seen in patients who may be in a comatose state or those who have experienced an injury
to the brain centers that control respiration.
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altitude chamber, subjects exhibited significant mood deterioration with
increases in hypoxic conditions and duration of exposure (Lieberman et al.,
1991). Available data thus are suggestive of mood deficits, but more studies are
needed.

Data on cognitive performance under hypoxic conditions are also limited.
Some results indicate impairment at high altitudes (10,000 ft [3,048 m]),
including deficits in reaction time, vigilance, memory, and reasoning ability
(Lieberman et al., 1991). Complex task performance also deteriorates, with
increased error rate and slowing of performance (Lieberman et al., 1991).
Simulation studies in altitude chambers (hypoxic conditions) suggest that such
adverse changes increase in severity with greater hypoxia and duration of
exposure (Lieberman et al., 1991). There appears to be individual variability in
susceptibility to these effects of altitude/hypoxia. Moreover, rate of ascent
(onset of hypoxia) influences onset and severity of symptoms (Hansen et al.,
1967; Shukitt-Hale et al., 1991a).

In general, mood symptoms of altitude "sickness" develop over about 2
days, with maximal severity at 30 to 40 hours (Carson et al., 1969).
Performance decrements occur more quickly and individuals accommodate well
before mood changes are maximal. Thus, the temporal development and
resolution of behavioral manifestations of hypoxia/high altitude are not simple
or uniform (see Barbara Shukitt-Hale and Harris R. Lieberman, Chapter 22 in
this volume), or directly tied to decreases in performance.

The underlying mechanisms in the brain responsible for mood and
performance deficits at high altitudes are unknown. Some data allow
speculation that alterations in certain neurotransmitters might be involved,
namely those whose synthesis requires oxygen (catecholamines, serotonin)
(Gibson and Duffy, 1981). Recently, more focused behavioral studies in
animals point toward changes in acetylcholine formation and release (Shukitt-
Hale et al., 1991b, 1993a, b). In addition, the reduced food intake and body
weight loss associated with hypoxia at high altitudes may exacerbate direct
chemical effects of high altitudes on brain chemistry and function.

Food Components that May Enhance Mental Performance at High
Altitudes and in the Cold

Exposure to hypobaric hypoxia and to extreme cold at high altitudes can
cause deficits in mental performance. Acclimatization eventually occurs, but
only partly corrects cognitive deficits. Performance decrements caused by these
and other environmental stressors and the attendant sleep loss can compromise
combat operations. Effective countermeasures would be highly desirable, but
their development requires an understanding of the specific underlying brain
mechanisms causing the decline in mental function in adverse environmental
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settings (see discussion by Harris R. Lieberman and Barbara Shukitt-Hale,
Chapter 23 in this volume).

For example, one important causal relationship may be the changes in
brain catecholamine neurons that accompany stress. During stressful situations,
catecholamine neurons increase their firing rate. Over time, the rise in firing
rate may deplete the neuron's stores of transmitter, thereby compromising its
ability to perform its required functions. Replenishment of transmitter might
help to restore normal neuronal function, and overall cognitive function as well.
One method for replenishing catecholamine involves administering tyrosine, the
catecholamine precursor, to stimulate transmitter production (see Lieberman
and Shukitt-Hale, Chapter 23 in this volume; for a more detailed discussion, see
Ahlers et al., 1994; Lieberman, 1994; Wurtman and Lieberman, 1989). Indeed,
in laboratory studies, increases in catecholamine production and release by
neurons occur when tyrosine is administered to animals in a stressful setting
(Luo et al., 1993; see Lieberman and Shukitt-Hale, Chapter 23 in this volume).
Such tyrosine treatment improved performance in rats in these experimental
situations (Ahlers et al., 1994; Luo et al., 1992; Rauch and Lieberman, 1990;
Shurtleff et al., 1993). In limited field tests to date, consistent with the results of
animal studies, tyrosine treatment maintained some aspects of cognitive
performance in soldiers exposed to stressful situations (Ahlers et al., 1994;
Banderet and Lieberman, 1989; Lieberman et al., 1990; Shurtleff et al., 1994).

A second causal relationship may be the changes in brain acetylcholine
neurons that accompany stress. Acetylcholine neurons, particularly in the
hippocampus, are important for normal learning and memory. Stress diminishes
the functioning of these cholinergic neurons, with attendant decrements in
performance. Preventing acetylcholine depletion during stress might therefore
help prevent the loss of cognitive function under stressful conditions.

A variety of plant and animal extracts have been used by Asian
practitioners since ancient times to manage stress and increase endurance, as
presented by K. K. Srivastava at the workshop (see summary of his unpublished
manuscript in Appendix A in this volume). These extracts have been termed
adaptogens, and their chemical composition is relatively poorly defined.
Careful studies in human subjects to evaluate the true efficacy of adaptogens are
lacking. Because of the lack of information on composition and limited data on
human or animal trials using these compounds, the CMNR concluded that they
could not evaluate these materials or this concept.

Military Considerations

As described in this report, the many adverse physiological reactions,
physical, or cognitive performance difficulties, and mood changes at high
altitudes, when combined with increased risks for mountain illnesses, trauma,
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and malnutrition, create obvious difficulties for military operations. Some of
these difficulties can be minimized by appropriate military planning, policies,
and training. Troops conducting military operations at high altitudes, as they
currently do in several mountainous regions of the world, have unique needs for
special training and support. To prevent severe dehydration, water discipline is
as essential at high altitudes as it is in the desert, and potable water must be
supplied, whatever the logistical problems. Despite the tendencies for high-
altitude and AMS-induced anorexia, discipline in food intake must also be
enforced and military field feeding doctrines (IOM, 1995a) should include
specific mention of environmental extremes. Energy and carbohydrate-rich
foods must be provided, as outlined earlier in this chapter. Time to prepare and
consume adequate energy must also be allowed. Increased energy needs at high
altitudes result from an increase in basal energy needs as well as from strenuous
activity. In order to prevent loss of body weight and muscle mass, the foods
required to supply these needs must be provided, and they must also be
compatible with logistical constraints. Palatability also must be considered; for
example, provision of an easily consumed, preferred high energy "finger" food
or beverage could be important in maintaining body weight and muscle mass.

Because gradual ascent to altitude and gradual acclimatization are not
often compatible with military missions, a high incidence of AMS and
breakdown in military unit cohesiveness must be anticipated. Military missions
must be planned with the expectation that more than half of the troops will
suffer from some degree of AMS, and that up to 25 percent may be transiently
incapacitated (Hackett et al., 1989). Additional medical problems must be
anticipated in troops who remain at altitudes above 18,000 ft (5,486 m) for
many weeks (see Butterfield, Chapter 19 in this volume). Acclimatization to
moderately high altitudes (8,000-12,000 ft [2,438-3,658 m]) may be
accomplished within a week (many physiological systems adapt in this time, but
some take far longer). However, full acclimatization to extremely high altitudes
may not occur, and accumulations of body salt and water may become a
consistent problem (see Cymerman, Chapter 16 in this volume).

All personnel must be trained to recognize the early symptoms of acute
pulmonary edema or cerebral edema. These life-threatening problems are most
likely to be observed in those individuals who have experienced difficulty in
keeping up the pace and lag behind. Troops assigned to high altitudes should
also be trained to master the difficulties in treating and evacuating patients with
these altitude-induced conditions, as well as the task of dealing with soldiers
who fall victim to the inevitable mountain climbing injuries.
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INTERACTIONS OF COLD AND HIGH ALTITUDES

When considering nutritional and physiological aspects of cold and high-
altitude environments, it is important to keep in mind that while there are
similarities between the two in that high altitudes are frequently cold, there are
also important differences. For example, as outlined by COL Askew (see
Chapter 3 in this volume), these environments are similar in such characteristics
as low ambient temperature, limited available water (mostly from snow and
ice), and problems in food preparation. In both, diuresis occurs at least initially,
energy requirements for work are increased, carbohydrate is well tolerated, and
there appears to be no advantage of extra protein over the usual requirement.

Cold exposure tends to increase appetite and, over time, body weight may
increase, whereas at high altitudes, appetite tends to be depressed, and body
weight may decrease. Studies done in the cold at elevations above 11,500 ft
(3,505 m) have shown further increases in energy need over those in the cold to
more than 5,000 kcal/d (Jones et al., 1993; Swain et al., 1949). The
dissimilarities also include lower oxygen tension and greater anorexia at high
altitudes. Fat as a source of energy is well tolerated in the cold, but
carbohydrate is the fuel of choice in low oxygen environments. These factors
need to be considered when evaluating potential physiological responses of
troops operating in these environments.

SUMMARY

Predictable medical problems can arise when military operations must be
conducted in arctic cold, at high altitudes, or during combinations of both
stressful conditions. Cold-induced injuries, altitude-induced illnesses, and
psychological changes are described in this report. In addition, a great deal is
known about the physiological responses used by the body during exposure to
extreme cold, and the types of clothing and shelters that are militarily effective.
Physiological adjustments, however, cannot mitigate the biophysical reality of
declining availability of atmospheric oxygen as altitude increases. Much less is
known about nutrient requirements for working in the cold and in extremely
high environments.

A number of additional nutritional questions arose and were discussed
during the workshop. These focused on possibly altered nutrient requirements
for optimal or enhanced performance during operations in cold and/or high
altitudes, and for assisting in thermoregulation, acclimatization, and prevention
of medical problems. During the workshop, current military rations also were
exhibited.

Physiological responses to cold and altitude were reviewed in depth, as
were central nervous system functions and the interrelations between sleep and
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body temperature regulation. Dangers of acute mountain sickness and high-
altitude cerebral and pulmonary edema were considered, as were the effects of
cold and of high altitudes on appetite, mood, and both physical and mental
performance. A review of available knowledge about altered nutrient
requirements at cold and altitude extremes included presentations on fluid
balance, energy costs, body weight changes, specific needs for various macro-
and micronutrients, and the effects of appetite, gender, and age on these
requirements. Discussion of these topics set the stage for the recommendations
and conclusions concerning the questions under consideration, some
immediately available military approaches, and future research needs, all of
which are found in the next chapter.
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As stated in Chapter 1, the Committee on Military Nutrition Research
(CMNR) was asked to respond to 15 specific questions that address factors
affecting nutrient requirements and food intake for work in cold and in high-
altitude
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environments. The committee's responses to these questions appear below.

ANSWERS TO QUESTIONS POSED BY THE ARMY

Performance

1. What is the effect of cold or altitude exposure on muscle strength
and endurance?

Cold and high-altitude exposure affects muscle strength and endurance
through changes in cardiac output and oxygen uptake. Very cold environments
that lower body temperature by more than 0.9°F (0.5°C) may limit maximal
cardiac output and result in reduced maximum oxygen uptake. Because
moderately cold environments lower muscle temperature, endurance of
moderate physical activity actually can be theoretically increased if body core
temperature can be maintained. There are conflicting data on the effects of cold
exposure on muscle strength, and more research is needed to determine this
relationship.

High altitudes can also affect physical performance because they decrease
maximum oxygen uptake by approximately 10 percent for every 3,280 ft (1,000
m) increase in altitude. Endurance is also significantly reduced at high altitudes
(see Chapter 1 in this volume). While acclimatization to high altitudes does not
improve maximum oxygen capacity, endurance does improve (often as much as
50 percent or more) (see Chapter 1 in this volume).

2. Can diet influence these changes?

Maintenance of muscle structure and function over the long term depends
on muscle strength and exercise. Muscle strength and endurance are influenced
by diet through maintenance of muscle mass and the availability of appropriate
substrates for muscle activity. Provision of adequate dietary energy under
circumstances of either cold or high-altitude exposure will maximize the
possibility of maintenance of muscle mass, and thus muscle strength.
Conversely, inadequate energy intake will result in loss of muscle tissue with a
concomitant decrease in strength and endurance.

Macronutrient composition of dietary intake may influence this process. In
the cold or at high altitudes, protein requirements are not elevated above the
needs of the individual at ambient temperature or at sea level performing the
same level of activity. Nevertheless, dietary protein should be adequate to
maintain the muscle mass that supports the strenuous physical activity
performed. Fat as a source of energy is well tolerated in the cold, but provision
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of adequate carbohydrate is important because it is the major fuel needed for
shivering, an important method for maintaining body temperature, and thus
indirectly affects endurance. At high altitudes, carbohydrate becomes the
predominant fuel at rest and during exercise. Failure to supply sufficient energy
as carbohydrate (at least 400 g/d) at high altitudes can result in loss of muscle
mass and decreased endurance.

3. How does cold or altitude exposure influence appetite?

The term appetite in this context is defined as a desire for food or drink.
The traditional wisdom has been that cold climatic conditions lead to an
increase in appetite. The evidence for this conclusion is derived from changes in
body weight, self-scored questionnaires, and food intake records in cold
environments at sea level. However, the reported increase in appetite is also
associated with changes in other aspects of the subjects' environment such as
altered activity levels, isolation, reduced social interaction, and modifications in
diet. Nonetheless, it does appear that food intake is generally increased with
cold exposure.

With ascent to altitudes above 10,000 to 12,000 ft (3,048 to 3,658 m), food
consumption is reduced regardless of temperature. Body weight loss is common
among subjects during the first few weeks at high altitudes, and such weight
loss can be avoided only with successful efforts to consume food.

Although some studies have reported weight gain in cold environments,
other investigations have found that soldiers operating in cold climates may not
consume military rations in amounts adequate to meet energy expenditure.
Reports from field training exercises have shown decreased intake of energy
relative to need in both cold and high-altitude environments. The factors that
influence ration consumption discussed in the CMNR's report on Not Eating
Enough (IOM, 1995) may be even more significant for operations in the cold
and in high altitudes. Encouragement of food discipline through a field feeding
doctrine (IOM, 1995) would help soldiers maintain an appropriate level of food
intake. With adaptation to altitude, appetite increases but generally food intake
is insufficient to regain lost weight or even to maintain the lower weight.

Health and Medical Aspects

4. Is there concern for increased cardiovascular risk when a high fat
diet is consumed for intermittent (7- to 14-d) time periods in the cold?

Although this question was not addressed specifically by any participant in
the workshop, all available evidence indicates that there should be no
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concern with higher fat diets for these short periods of time. A major nutritional
problem during military operations in the cold is meeting the added
requirements for water and food to prevent both dehydration and weight loss.
King et al. (1993) reported that in arctic field tests, the Army's 18-Man Arctic
Tray Pack Ration Module ' (29 percent of calories from fat), in combination
with either a wet-pack (Meal, Ready-to-Eat' [MRE, 36 percent of calories from
fat]) or a dehydrated (Long-Range Patrol, Improved' [LRP I, 35 percent of
calories from fat]) individual ration, met the full daily nutritional
recommendations for protein and micronutrients. However, energy needs were
not met, and soldiers consistently lost body weight.

The easiest way for military feeding systems to provide for increased
caloric needs during cold-weather operations is to include additional dietary
fats. Such an increase in dietary fat is also most expedient, logistically.
However, some tested supplements, containing only a modestly higher fat
content, did not result in sufficient energy intake to prevent weight loss
(Edwards and Roberts, 1991). Cold-weather operations probably require a total
energy intake ranging from 45 to 62 kcal/kg body weight/d, but earlier military
studies in the Arctic suggested that 4,000 kcal/d or less were actually being
consumed (LeBlanc, 1957). Current projections for energy needs in arctic
conditions focus on 58 kcal/kg body weight/d (see Chapter 1 in this volume).

Controversial questions about the relationships between dietary intakes of
fat and cholesterol and the pathogenesis of atherosclerosis, strokes, and
coronary heart disease have fueled important clinical research studies for
several decades. Although recent estimations indicate that the average total fat
intake in the United States has declined to 34 percent of total calories (CDC,
1994), the most recent review of national dietary guidelines recommends that an
individual consume no more than 30 percent, with an increased intake of
complex carbohydrates to provide total energy needs (USDA, 1995). Increased
consumption of fruits and vegetables, which would increase the intake of
complex carbohydrates, is also recommended.

However, these recommendations for the diet of the general population
may not be appropriate for the military and logistical requirements for
conducting either short- or long-term field operations in arctic climates. Fresh
fruits and vegetables would be impossible to supply. Although diets supplying
58 kcal/kg body weight/d can be formulated with only 30 percent fat, they may
prove operationally difficult to provide and the CMNR believes that this
guideline is too restrictive for military operational rations. Diets containing
more of the high density fat fuels may become an operational necessity. In
addition, as pointed out by Edwards et al. (1992), the choice of ration must
consider water availability, size and volume of load, resupply schedule,
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logistics, and the task at hand. Although a higher fat diet is clearly not a
nutritional necessity in the Arctic, it may prove to be a logistical need.

From a metabolic point of view, it is probable that the additional fat
calories will be metabolized promptly, to satisfy immediate energy needs, rather
than being stored in body fat depots. If extra dietary fat is consumed primarily
to meet high daily energy requirements and to prevent weight loss during
military operations in cold climates, it will not necessarily have important long-
term consequences.

Current national dietary recommendations have been in effect for only a
few years, and there is no available research evidence to suggest that a
temporary deviation from a low fat diet, eaten in order to meet unusually high
energy demands, would have a long-term effect on slowly developing
cardiovascular pathology.

If this question is viewed from a risk/benefit perspective, the short-term
risks to a soldier who must participate in a dangerous military operation in
arctic cold are high, and nutritional assistance must be given to help the soldier
function at an optimal level. Clearly, inadequate energy intakes and progressive
weight losses are not desirable. The immediate benefits of an adequate energy
intake far outweigh the possibility that a short-term intake of extra fat calories
(eaten to meet the energy demands of cold, arctic climates) might contribute to
deleterious health effects several decades later.

5. What nutrients prevent or lessen the symptoms of acute altitude
exposure?

Two nutrients have the reputation of being protective against acute
mountain sickness (AMS): water and carbohydrate. Because acute altitude
exposure is accompanied by diuresis in most individuals, replacement of water
lost through diuresis has been reputed to be important in minimizing the
symptoms of mountain sickness. Scientific data on this question are minimal.
More careful studies have been done on the effect of carbohydrate feeding
during acute exposure to altitude, and the general consensus from those studies
is that carbohydrate is of benefit in minimizing the symptoms of acute exposure
(Consolazio et al., 1969). Because carbohydrate is the primary metabolic fuel at
rest and during exercise (Brooks et al., 1991; Roberts et al., in press a, b), and
because it provides slightly more energy for the oxygen consumed than does fat
(Kleiber, 1961), provision of ample amounts of this macronutrient could be
expected to overcome the 500 kcal/d deficit created by exposure to hypobaric
hypoxia, maintain body glycogen stores, and assist in the maintenance of
muscle mass.
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6. Is free radical formation a concern for prolonged (10- to 30-d)
military operations at 10,000-15,000 ft (3,048—4,572 m) elevation?

Free radical formation, the consequence of oxidative stress, might be
expected to increase in cold or in high altitude environments, due to (1) the
elevation in metabolic rate that results from an increased energy expenditure;
(2) the stress of hypoxia at altitude; and (3) the increased exposure to ultraviolet
radiation at altitude or on snow-covered ground. As recently reviewed by
Askew (1995), some limited evidence does suggest an increase in oxidative
stress in high altitude environments. During a 6-wk polar expedition, an
increase in production of malonaldehyde, a product of lipid peroxidation
believed to be a marker for oxidative stress, was measured in erythrocytes and
plasma, followed by decreased blood concentrations of vitamin E (Panin et al.,
1992 as reported by Askew, 1995). Simon-Schnass (see Chapter 21 in this
volume) also reported increased exhalation of pentane, another marker for
oxidative stress, with prolonged stays at high altitudes. Further research is
needed to assess the physiological significance of such markers in terms of
actual oxidative tissue damage as well as the potential long-term consequence
of such damage, and the likelihood for significant oxidative damage during the
timeframe of typical military deployments to high-altitude areas. Thus, there
appears to be a potential for increased oxidative stress at high altitudes.
However, the possible long-term consequences as well as the extent to which
any ensuing damage would be decreased or prevented by providing additional
antioxidant nutrients are not known at this time, but this is an important area for
future research.

Thermoregulation and Acclimatization

7. Is cold/altitude acclimatization facilitated by prior nutritional status
or supplemental nutrients?

There are few data on this topic. Prior nutritional status may affect
acclimatization to cold/altitude in that an individual in poor nutritional status
may have difficulty in adapting. Nutrients of particular concern would be iron,
because of its relationship to hemoglobin and hemoglobin synthesis, and
vitamin E, because of its relationship to oxidative stress.

In addition to prior nutritional status, the body composition, recent losses
of body weight or lean body mass, and recent health and training history of
individual soldiers should be considered prior to their participation in missions
or training in cold and in high-altitude environments. In particular, the extreme
losses of lean body mass described for some individuals who participated in
U.S. Army Ranger Training would need to be regained prior to working in
environmental extremes.
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8. What nutrients influence thermoregulation?

Thermoregulation involves cardiovascular measures to reduce heat loss
(nonshivering thermogenesis), an increase in metabolic heat production through
shivering and an increase in voluntary muscular activity.

In short-term studies, shivering thermogenesis, like voluntary muscular
activity, has been found to be fueled by carbohydrate and, to a lesser extent, fat.
There is no evidence for a role for protein in shivering thermogenesis at this
time; however, more research is needed to establish whether a specific
proportion of nutrients has any advantage in maintaining thermoregulation
under field conditions.

Thiamin, niacin, riboflavin, and pantothenic acid all play a critical role in
thermogenesis due to their involvement in energy metabolism; however, there is
no evidence at this time to support increased intake in the cold of any of these
nutrients above MRDA (AR 40-25, 1985) levels. Evidence from studies
conducted primarily in laboratory animals has suggested a role for the
micronutrients iron, copper, and zinc in nonshivering thermogenesis. There is
no evidence at this time to indicate that short-term depletion of any of these
micronutrients interferes with thermoregulation in humans; however, more
research is needed.

The macronutrient sources of energy (carbohydrate, protein, and fat) also
have thermogenic effects. Fat is absorbed slowly but has the lowest postprandial
thermogenic effect. Carbohydrates are absorbed most rapidly, but their
thermogenic effect is higher and may last for 2 to 3 hours. Protein digestion
gives rise to amino acids, which are absorbed more slowly than carbohydrates,
but have the highest thermogenic effect, lasting up to 5 to 6 hours after
absorption. The use of a high protein snack prior to retiring to sleep has been
recommended to aid in thermoregulation.

9. Does the timing of food ingestion influence cold tolerance?

Postprandially induced thermogenesis can be a significant source of heat
production within the body. Consumption of a substantial meal high in protein
may provide necessary heat during periods of low activity or during sleep (see
LeBlanc, Chapter 12 in this volume and the answer to Question 8 above). The
consumption of small meals or snacks at intervals throughout periods of
moderate activity is useful for maintaining body heat and work performance.
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10. What is the relationship between fluid intake and
thermoregulation in the cold and at altitude?

With acute exposure to both cold and high altitudes, fluid losses may result
in a hypohydrated state. Diuresis is a common consequence of acute exposure
to both conditions. Additional water is lost to the dry air through respiration,
especially with the hyperventilation of exercise. Body water loss is also
increased through sweating, especially if the individual is wearing excess
clothing and engages in physical activity. Finally, fluid intake is often limited
under these circumstances because of the response to stress, lack of fluid
availability, or desire to control urine formation. The resulting reduction in
body water, including blood and plasma volume, will decrease the ability to
sweat. Thermoregulation is also affected by a decrease in body water due to the
decrease in body heat transfer to the periphery with the decrease in blood
volume because it is the blood that carries the body heat to the periphery, where
it is given up to the environment through evaporative heat loss. Body fluid
losses of greater than 10 percent of total body water are life threatening.

Some of this lost water will be replaced with metabolic water which is
produced in greatest amounts with the burning of carbohydrate, the fuel of
choice at altitude, and a fuel of significance in the cold. In spite of this, water
balance is difficult to attain at altitude or in the cold due to the excessive losses,
and the difficulties in supply.

11. What is the effect of cold and altitude exposure (at rest) on basal
energy requirements?

Exposure to either cold or high altitudes significantly increases the energy
needs of the body. In both cases, basal energy needs® (BMR) are elevated by as
much as 15 percent after acclimatization. In the cold, this elevation in energy
requirements is consequent to the need to maintain body temperature. The cause
of the increase at altitude is not as clearly defined but may be associated with
the increased respiratory rate and difficulty in sleeping.

During acute exposure to high altitudes, both the magnitude and time
frame of changes in the BMR will vary with total energy intake and
environmental conditions. Generally, the BMR increases by 20 to 40 percent over

2 Basal metabolic rate (BMR) refers to a parameter measured under strict
circumstances of temperature, time at rest, and nutritional status. Consequently the
determination of metabolic rate in cold environments does not meet the definition of
BMR. The term "basal energy needs" is used here to indicate the energy requirements of
individuals in the cold, unrelated to exercise or the thermic effects of food.
Determination of basal energy needs at altitude met the criteria for measurement of BMR.
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BMR during the first days at high altitudes, and then falls somewhat over the
ensuing 3 to 10 days. There may be some loss of lean body mass during this
time period, occurring simultaneously with inadequate energy intake, as BMR
begins to decline toward the level that existed prior to altitude exposure. In
experiments where energy intake has been matched to increased needs, basal
needs remain elevated throughout the time spent at high altitudes. Individuals
who are native to high-altitude environments show an elevated basal energy
requirement in comparison to low-altitude natives of similar body size. The
basal energy needs of soldiers can, therefore, be expected to be elevated in cold,
high-altitude environments.

Nutritional Requirements

12. What are typical energy requirements for work in cold and in high-
altitude environments?

Work in the cold or at high altitudes may result in very high energy
requirements. When doubly labeled water techniques were used to determine
energy expenditures, mean total energy requirements of 3,400 to 4,300 kcal/d
(or 2.5 to 3 times BMR) were recorded in sedentary male military personnel in
the cold or at high altitudes. Under training conditions, the energy requirements
increased to as much as 5,000 kcal/d. The individual requirement will depend
on body size, clothing, and activity level, but energy requirements of 54 to 62/
kcal/kg/d are recommended for these environments. Individual requirements
may reach as much as 4 to 7 times BMR for short periods of time, especially
when activities are being performed in clothing that restricts movement. No
available studies define the total energy requirements during military operations
under conditions of both intense cold and high altitudes. It should be noted,
however, that there is no evidence that the actual energy expenditure of the
work done is increased under the conditions of altitude exposure, although the
hobbling effect of working in protective gear in the cold may increase
appreciably the energy expended in given activities.

13. Does cold or altitude exposure alter the requirement for nutrients
other than energy?

With the possible exception of vitamin E, there appears to be little
scientific basis at this time to indicate that cold or altitude exposure changes the
nutritional requirements for any vitamins or minerals. Questions have been
raised about increased needs for vitamin C, iron, zinc, and copper in cold and in
high-altitude environments. The MRDAs for operational rations (AR 40-25,
1985) supply generous amounts of nutrients over the requirements in normal
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conditions and should be adequate to meet any small increases in requirements
due to cold or altitude.

14. What is the sodium requirement for hard physical work in a cold
environment?

Sodium requirements in the cold have not been the subject of specific
investigation. Although there has been monitoring of sodium status in
individuals participating in metabolic research in cold environments, the focus
of these studies was not to determine sodium requirements, and thus dietary
intake of sodium was not controlled.

There is good reason to conduct research on sodium requirements in cold
environments especially where hard physical work is required. Excessively high
sodium intake can lead to increased diuresis, which is a major concern in cold
environments. On the other hand, it is well known that significant sodium loss
can occur during heavy physical activity. This loss of sodium through sweating
occurs in cold-weather conditions when body heat is allowed to build up in
heavy clothing. The loss will likely be reduced after acclimatization occurs. In
the absence of more data, it is recommended that sodium intake be maintained
as recommended in the MRDAs with no additional amounts given for hard
physical activity. It is unlikely that electrolyte complications will occur, such as
those associated with hard physical work in hot environments.

15. What is the relationship between fluid intake and food intake in
the cold or at altitude?

Requirements for food are clearly distinct and separate from requirements
for water, even though some foods may partially satisfy water requirements and
generate metabolic water after they are consumed. The distinction between
needs for water and food is most evident in hot, arid desert-like conditions,
where water needs are greatly increased because much body water is lost by
physiological mechanisms used to maintain normal body temperatures. This
distinction is equally necessary for working in cold and in high-altitude
environments.

Extremes of both cold and high-altitude environments have independent
effects upon the nutritional and physiological requirements for food and water.
As detailed in several chapters (for example, see Chapters 7, 10, and 11 in this
volume), physiological responses to extreme cold induce metabolic heat
production, which in turn increases the need for an adequate intake of dietary
energy. Cold stress also leads to dehydration because of cold-induced diuresis, a
phenomenon stimulated by several possible physiologic mechanisms (see
review in Chapter 1 in this volume). Body water losses are also increased in
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the cold because of increased losses of respiratory water as well as losses
induced by sweating. Cold conditions tend to reduce fluid intake because of
logistical difficulties in supplying water and in preventing it from freezing.
Water discipline is as important during cold stress as it is during heat stress.

The pair of problems created in meeting food and fluid needs is
exaggerated when high-altitude stress is superimposed upon cold stress. Fluid
needs become complicated by physiologic processes and hormonal effects that
induce an antidiuretic effect in some individuals (see Anand and
Chandrashekhar, Chapter 18 in this volume). This effect can contribute to AMS
as well as to high-altitude pulmonary edema. More commonly, however,
dehydration may become a potential military problem. Dehydration can result
from several causes (see Cymerman, Chapter 16 in this volume), including
reduced thirst, inadequate fluid intakes (from both water and foods), and
increased sensible and insensible water losses associated with exercise. Again,
water discipline is a military necessity.

Increased energy needs are also a separate but important issue at high
altitudes. Weight loss is a common reality that must be met by increasing fuel
intakes to meet additional energy needs (see Butterfield, Chapter 19 in this
volume). Dehydration may also result in anorectic symptoms and lowered food
intake. The provision of high calorie, energy dense snack-type foods was
recommended by several participants in this workshop and by the CMNR in a
previous report (IOM, 1995) as a potential means of providing extra food
energy. Thus, the needs for supplying fluids and for supplying food must each
be approached as equally important, and logistical support for cold and high-
altitude work in the military must take into consideration the distinct differences
in effort that are required for the adequate provision of each.

These issues can be summarized in two general questions:

1. Aside from increased energy demands, do cold or high-altitude
environments elicit an increased demand or requirement for specific
nutrients?

Cold and/or high-altitude environments can increase the needs for two
important nutrients, water and carbohydrate (see answers to Questions 2, 5, 8§,
10, and 15 in this chapter). Additional fat may sometimes be required to supply
energy needs under certain circumstances (see reply to Question 4). While
preliminary studies of increasing vitamin E intake to 400 mg/d show research
promise in providing protective effects at high altitudes, considerable additional
research is needed before questions regarding efficacy and effective doses are
fully addressed and before implementing a supplement policy (see reply to
Question 6). The needs for certain other single nutrients, i.e., vitamin C, iron,
zinc, copper, and sodium, may also be increased (see comments on
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Questions 7, 13, and 14), but because currently available data are inadequate,
additional research will be needed to identify and define any increased needs for
these nutrients. There is no evidence at this point to indicate a need for any of
the nutrients to be provided at levels beyond that included in the MRDAs. For
further elaboration see Chapter 1.

2. Can performance be enhanced in cold or high-altitude
environments by the provision of increased amounts of specific nutrients?

Very little research is available to support any need to administer single
nutrient dietary supplements in cold or high-altitude environments. As noted in
an earlier CMNR report on Food Components to Enhance Performance (I0M,
1994), a number of nutrients have been investigated for these purposes but
rarely under environmental conditions of cold or high altitudes. Harris R.
Lieberman and his colleagues at the U.S. Army Research Institute of
Environmental Medicine (USARIEM) have investigated single dose tyrosine
pretreatment (100 mg/kg) in humans subjected to a 4.5-h exposure to cold and
hypoxia. In a single controlled study, this large supplement significantly
decreased symptoms, adverse moods, and performance impairments (Banderet
and Lieberman, 1989). This work has been further expanded in several studies
by the Naval Research group (Ahlers et al., 1994; Shurtleff et al., 1994). In rats,
tyrosine pretreatment (400 mg/kg) reversed the behavioral depression caused by
a forced swim in cold water, although it had no influence on deep body cooling
(Rauch and Lieberman, 1990). These preliminary findings are worthy of
additional future studies.

RECOMMENDATIONS

On the basis of the papers presented by the invited speakers, discussion at
the workshop, and subsequent committee deliberations, the Committee on
Military Nutrition Research offers the following recommendations regarding
nutrient requirements for work in cold and in high-altitude environments.

Water and Dehydration

* Because cold-induced dehydration can cause serious performance
decrements, it must be anticipated. The training of military personnel
assigned to cold-weather operations must include water discipline,
safe fluid sources because snow or ice are generally unsafe, and the
protection of drinking fluids from freezing.
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* Water discipline is as important during military operations in intense cold
and at high altitudes as it is during desert heat. Training should include
water discipline measures following guidelines in military doctrines
and means for their enforcement.

Energy and Specific Nutrients

* Because of increased energy demands of cold operations, dietary energy
sources must be adequate to meet actual or anticipated needs ,
including the needs for adequate carbohydrate foods. A field feeding
doctrine, as previously recommended (IOM, 1995), should be considered.
Pre-exposure diets should insure that muscle glycogen stores become
optimized. Meal times should be standardized whenever possible in
order to encourage increased food intake.

* Carbohydrate intake should be promoted during military operations
conducted in the cold or at high altitudes. The inclusion of a liquid or
solid carbohydrate supplement in the rations of troops may be useful in
maintaining macronutrient balance and performance over time.
Carbohydrate intake should be at least 400g/d under these conditions.
When energy expenditures are high and total caloric intake is increased,
the CMNR recommends that carbohydrate intake be increased to
maintain calories from carbohydrate in the range of at least 40 percent of
total caloric intake. This will help provide a palatable diet that is not
excessive in fat content.

The Ration, Cold Weather (RCW), MRE, and LRP I as currently
prescribed for cold-weather operations all provide a minimum of 4,300
kcal and 582 g carbohydrate per day (see Table 1-4). The percentages of
calories in these rations that are contributed by carbohydrate are 49
percent for the MRE, 60 percent for the RCW, and 50 percent for the
LRP I. Thus these all meet the recommended criteria.

* Restriction of fat calories to only 30 percent, as recommended for the
American civilian population, is not appropriate for some military
operational rations where caloric density, ration bulk, and palatability
are of concern. This is particularly the case for rations designed for use in
cold and in high-altitude environments. The percentages of calories in
currently available rations that are contributed by fat are 36 percent for
the MRE, 32 percent for the RCW, and 35 percent for the LRP 1. These
levels appear appropriate, given the situational requirements.

» Sharing of food rations is encouraged as a means of meeting the higher
than average caloric needs of some individuals in the field.

* In the absence of more data concerning sodium requirements during
heavy exercise in conditions of arctic cold, normal sodium intakes
should be maintained.
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Education and Logistics

* Because physiologic responses and adaptations differ importantly
between moderately high altitudes (8,00$1$2$32,000 ft [2,43$1%$2
$3,658 m]) and extremely high altitudes (greater than 18,000 ft [5,486
m]), planning for military training or military missions at high
altitudes should take these differences into account.

* Individuals who have not yet regained lean body mass lost in prior
field operations should not be deployed to cold or high-altitude
environments until lean body mass is regained.

* Military troops, leaders, and medical personnel being assigned to
high-altitude training or missions should be fully instructed on the
symptoms and signs of AMS, subacute mountain sickness, high-altitude
pulmonary edema (HAPE), and high-altitude cerebral edema (HACE).
In addition, they should be trained in the use of appropriate
countermeasures and therapy.

Because about 25 percent of people seem to be "immune" to AMS,
military personnel who have successfully completed a tour at altitude
should be the ones selected for assignment to altitude missions of
unique military importance. Conversely, those who have developed
AMS during training at high altitudes should be excluded in advance
from participating in such unique military missions whenever possible.

* Information about possible changes in physical performance,
alertness, and emotional stability associated with hypoxia should be
provided to all levels of command so that soldiers and their leaders will
not be surprised when they occur. Breakdown in troop cohesion should be
anticipated.

* Because weight loss is common during military operations at high
altitudes, command and logistical practices should attempt to ensure,
whenever possible, that the availability of palatable foods and fluids,
as well as the social setting at mealtimes, are optimized to insure
adequate dietary intakes (see IOM, 1995).

* Logistical measures for cold-weather operations must put primary
emphasis on the delivery and maintenance of sufficient food stores and
unfrozen dietary fluids.

» Military rations are the fuel for the soldier and emphasis should be placed
on adequate availability and consumption of operational rations to
maintain performance in these harsh environments.

AREAS FOR FUTURE RESEARCH

The Committee on Military Nutrition Research suggests a number of areas
for future research within the military related to nutrition for soldiers working

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5197.html

it i igh-Alti ironments: Applications for Military Personnel in Field Operations
ttn- /oy nan-edi/eataloa/5197 himl

COMMITTEE ON MILITARY NUTRITION RESEARCH RECOMMENDATIONS AND 73
CONCLUSIONS

in cold and in high-altitude environments. The CMNR believes that the military
services, through their pool of volunteer personnel, offer an excellent and often
unique opportunity to generate research data and statistics on the nutrition,
health, and well-being of service personnel. It is important that future studies
include men and women representative of the full range of ages in the active
duty military. These findings can be directly applied to improve both the health
of military personnel and that of the general U.S. population.

Water and Dehydration
Further research is needed:

* to define the best strategies (including pharmacological ones) to avoid
cold-induced dehydration.

* to define the water needs of the body during the early phases of exposure
to high altitudes, along with its relationship to the diuresis experienced by
many subjects, and importantly, to the development of acute mountain
illnesses.

* to define the potential "value" of dehydration in association with long-
term stays at moderate altitudes and to define the limits whereby such
dehydration might be preventable, beneficial, or detrimental.

Energy
Further research is needed:

* to assess the applicability to the military, both men and women, of the
finding that it may be possible to maintain body weight, nitrogen balance,
and muscle protein mass at optimal values during high-altitude missions.

* to define energy requirements during military operations in which
simultaneous exposures to intense cold and high altitudes occur, by
validation of the "free-living" estimation of energy requirement based on
Hoyt and Honig's proposed use of body weight, foot strike, and terrain
(see Chapter 20 in this volume).

* to understand the metabolic aspects of shivering.
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Specific Nutrients
Further research is needed:

* to define more precisely the carbohydrate intake required to maintain
body glycogen stores and to replenish stores depleted by exercise in the
cold and at high altitudes.

* to establish whether a specific proportion of calories from fat,
carbohydrate, or protein has a clear-cut advantage in maintaining
thermoregulation in cold environments.

* to determine the optimum intake of micronutrients for improving
performance in the cold. Such studies must control for nutrient status
prior to and at the time of testing, the training level of subjects, and
intensity and duration of any exercise to be tested.

* to determine sodium requirements during heavy exercise in intensely cold
conditions and the possible advantages of restricting sodium during the
first few days at altitude.

* to determine the possible beneficial effects of anorexia at altitude.

* to determine whether supplemental doses of vitamin E have any
protective effects on humans exposed to oxidative stress.

* to determine if supplements of vitamin C, iron, zinc, copper, and/or other
nutrients could improve performance during the stresses of extreme cold
and high altitudes.

Performance and Medical Conditions
Further research is needed:

* to explore the merits of some potentially useful pharmacological
compounds such as theophylline, caffeine, and ephedrine, as well as the
potential value of prestress tyrosine administration.

* to evaluate possible pharmacological, physiological, and nutritional
methods, either in the field or in altitude chambers, to predict, prevent,
and/or treat AMS.

* to consider the pathophysiological problems of salt and water balance and
the intercompartmental shifts in body fluids at altitude. Physiological
mechanisms requiring additional study include cardiovascular, renal,
endocrine, metabolic, and biochemical responses.

 to resolve conflicting data on possible effects of cold exposure on muscle
strength and endurance.

* to examine the relationship between the aging process and
acclimatization. Research in this area would not only be beneficial to the
military but the general American population.
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* to improve the understanding of mood and performance changes over
time in subjects exposed to high altitudes and hypoxia, using animal
models for the purpose of identifying the neurochemical cause(s) of those
changes.

* to develop follow-up drug and nutrient intervention strategies for
ameliorating chemical changes, and thus, ideally mood and performance
decrements at high altitudes.

* to develop and evaluate diet-focused pharmacologic countermeasures
(e.g., tyrosine and caffeine), with the ultimate goal of applying such
countermeasures in field situations to stem the decline in cognitive
function that accompanies the exposure to adverse environmental
conditions.

* to define the effects of acclimatization to high altitudes in terms of altered
performance measures and to optimize nutrition for more rapid
acclimatization.

* to address the impact of preexisting malnutrition on the performance of
soldiers at environmental extremes of cold and altitude, possibly through
the use of key nutrient deficiency screening procedures to be
administered to individuals prior to their participation in unique military
missions or training in the cold and at high altitudes.

Military Ration Development and Guidance
Further research is needed:

* to insure that consumption of rations specially developed by the Army for
use in cold-weather conditions provides intakes of energy, protein, and
micronutrients that fully meet the increased requirements of troops
operating in the field.

* to optimize packaging, delivery, and serving of these rations to insure that
adequate amounts are consumed.

CONCLUSIONS

In conclusion, the CMNR wants to emphasize the critical importance of
water discipline, availability of safe fluids for drinking, and a clear
understanding on the part of all troops involved in operations or training in cold
and in high-altitude environments. High energy, palatable rations supplying at
least 400 g carbohydrate per day must be provided to insure that energy intake
matches energy expenditure. Restriction of fat calories to only 30 percent is not
appropriate in these operational rations. All military personnel who participate
in cold and in high-altitude operations or training must be well informed about
the symptoms and signs of AMS, HAPE, HACE, and possible changes in
physical and cognitive performance, and trained in appropriate
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countermeasures. The logistics of troop supply and the composition of cold and
high-altitude military units should be carefully screened regarding their
previous experiences in these environments and their current nutritional and
overall health status. Individuals who have not yet regained lean body mass lost
in prior field operations should not be deployed to cold or high-altitude
environments until lean body mass is regained.

An impressive body of evidence has already been generated to define the
nutritional needs of troops required to engage in military operations under
environmental conditions of extreme cold and/or high altitudes. The chapters in
this report have addressed a number of specific nutritional areas and
unanswered questions that need additional research study. The preceding series
of research recommendations stem from these apparent gaps in knowledge.
These informational gaps or uncertainties must be resolved in order to help
define nutritional needs and military logistic strategies most appropriate for
operations under these environmental extremes.

The primary nutritional considerations for soldiers operating in the cold or
at high altitudes are:

* Fluid intake must be encouraged to prevent dehydration. Water discipline
as practiced in hot, dry environments should be applied to operations in
the cold and at high altitudes.

* Individuals who have not yet regained lean body mass lost in prior field
operations should not be deployed to cold or high-altitude environments
until lean body mass is regained.

* Energy intake of soldiers is usually inadequate when operating in the cold
or at high altitudes. The deficit in intake frequently observed at moderate
climates may be increased due to the greater energy needs when
operating in these environments. Encouragement of food intake, use of
supplemental rations, and alteration of energy composition through
modest increases in fat content (to no more than 40 percent of total
caloric intake) may aid but not fully overcome the deficit in intake
usually observed in these environments.

» Increased carbohydrate intake (to at least 400 g/d) when functioning at
higher altitudes is recommended to help maintain soldier performance.

» There appears to be little scientific evidence to indicate that cold or
altitude exposure should change the nutritional allowances for any
vitamins or minerals, with the possible exception of increased needs for
vitamin E at high altitudes beyond that recommended for military rations.
Further studies may be required to evaluate the suggestion that the needs
for iron, zinc, copper, and vitamin C are influenced by cold temperatures.
Carefully controlled studies are needed to evaluate whether or not
supplemental doses of vitamin E have any protective function at high
altitudes.

» Several areas for additional research have been identified that may offer
future benefits in improving performance under the environmental
extremes of cold or high altitudes. Among those most critical to military
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operations are (1) the need to define further the water requirements in
cold and in high-altitude environments, and how best to meet them; (2)
the need to apply to military personnel the recent findings concerning
maintenance of body weight and composition at altitude by encouraging
the intake of a minimum level of dietary carbohydrate and total calories;
(3) the need to determine the optimal ratio of energy sources,
micronutrients, and sodium in the cold; (4) the need to develop better
methods to predict, prevent, and treat altitude-related illnesses; and
finally (5) the need to obtain a better understanding of the causes,
ramifications, and treatments of altitude-related changes in mood and
performance.
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The Committee on Military Nutrition Research is pleased to participate
with the Military Nutrition Division, U.S. Army Research Institute of
Environmental Medicine and U.S. Army Medical Research and Materiel
Command in programs related to the nutrition and health of American military
personnel. The CMNR hopes that this information will be useful and helpful to
the Department of Defense in developing programs that continue to improve the
lifetime health and well-being of service personnel.
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II

BACKGROUND AND INTRODUCTION
TO THE TOPIC

IN PARTS II THROUGH V THE PAPERS from the workshop appear in
the in which they were presented. The chapters have undergone limited editorial
change, have not been reviewed by an outside group, and represent the views of
the individual authors. Selected questions and the speakers' responses are
included at the end of each section to provide the flavor of the workshop
discussion.

Part II includes four chapters based on the introductory presentations by
current and former Army scientists and personnel to provide the background for
understanding military nutrition issues in the cold and at high altitudes and to
highlight the importance of coordinating research and logistical considerations.
Chapter 3 presents the purpose of the workshop and an overview of cold and
high-altitude research conducted or sponsored by the Army. Research efforts
were largely a civilian-military collaboration until the 1970s, and now much of
the research on soldiers' nutritional needs in environmental extremes are
conducted by the military. This chapter puts this report into historical
perspective.

The influence of a positive attitude at environmental extremes should not
be underestimated. In Chapter 4, the performance expectations of unit
commanders are discussed as being essential to developing and maintaining
their troops' positive attitude.
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Chapters 5 and 6 summarize the preparation and use of military
operational rations in cold environments, an important topic given that rations
are the principal source of nutrients for soldiers in the field. In Chapter 5, the
options for group and individual field feeding are reviewed, as is the
composition of the rations in relation to the cold. The problems of feeding
soldiers in harsh environments are discussed in Chapter 6. The development and
improvement of mobile kitchen equipment requires attention because the
unique conditions of cold and wind affect the sheltering of personnel and the
preparation of food.
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Cold-Weather and High-Altitude
Nutrition: Overview of the Issues

Eldon W. Askew!

INTRODUCTION

Climatic extremes can exert profound influences on human physiology
(Figure 3-1). How well humans adapt to these environmental stresses ultimately
determines the degree of success they achieve in these difficult and often hostile
environments. Success or failure may be influenced by how well the body
responds to the challenges of maintaining homeothermia and work output. The
body's metabolic response to cold and hypoxia can be either augmented by
proper nutrition or impaired by inadequate nutrition (Askew, 1994).

The many similarities between cold and high-altitude environments
(Table 3-1) make them suitable to address in the same workshop and book. This
is not without precedent. The Arctic Aeromedical Laboratory held a symposium,

! Eldon W. Askew, Division of Foods and Nutrition, University of Utah, Salt Lake
City, UT 84112
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Arctic Biology and Medicine: The Physiology of Work in Cold and High
Altitude, at Fort Wainwright, Alaska (Helfferich, 1966). General Ross, the
Yukon Commander, gave the welcoming address at this 1966 meeting of
environmental physiologists, and his words regarding the military relevancy of
cold and high-altitude research are as appropriate now, as then:
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TABLE 3-1 Similarities and Dissimilarities Between Cold and High-Altitude

Environments

Similarities Dissimilarities

Low ambient temperatures Lower atmospheric oxygen tension at
high altitude

Diuresis, at least initially Usually greater anorexia and hypophagia
at high altitude

Increased energy requirements for work  Fat tolerated well in the cold

Lack of water except for ice and snow Fat not tolerated well at high altitude

Difficult to prepare food
Carbohydrate is tolerated well
Protein not particularly advantageous

Military interest is expanding to areas that were once considered uninhabitable
and forbidding, such as the Arctic. The geopolitical importance of the Arctic
basin and the Arctic mountainous area necessitates much greater knowledge
and special understanding of these areas...In light of the constantly changing
military requirements, it is singularly important for us to understand the
physiological responses and limits of man to these unusual stresses in order to
utilize human capabilities maximally in the accomplishment of our military
mission. It is also necessary for us to understand what measures can be taken
to improve the functional capacity of military personnel in these adverse and
hostile environments. ..(Helfferich, 1966, p. 1).

PREVIOUS SYMPOSIA

During the 1950s and 1960s there were a number of symposia or
conferences on environmental physiology, usually sponsored or cosponsored by
the U.S. Armed Services (Table 3-2). These excellent reviews of environmental
medicine came to an end after the mid 1960s, perhaps due to a lack of military
sponsorship. Their end also coincided with a gradual decline in the amount of
contract funds available from the Armed Forces to support extramural research
of this nature.

Historically, a significant proportion of environmental medicine research
during the World War II and Korean War eras was conducted in government-
supported civilian research institutions such as the Universities of Illinois,
Minnesota, Washington, California, Hawaii, Colorado, and Alaska, and in the
Fatigue Laboratory at Harvard University. In the 1970s and 1980s the emphasis
began to shift from extramural to intramural research, and the Armed
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Forces' laboratories began to conduct the majority of their environmental
research in military facilities. The establishment of the U.S. Army's altitude
research facility at the summit of Pike's Peak, Colorado in 1966 and the
acquisition of the mission for cold research from the Air Force's Arctic
Aeromedical Laboratory by the U.S. Army Research Institute of Environmental
Medicine (USARIEM) in 1968 contributed to the trend toward intramural
research. Whether this change in emphasis away from extramural research
funding was due to a shift in military research strategies, a constrained military
research budget because of the Vietnam conflict, or a decline in academic
institution research interest in environmental nutrition and medicine, is not
entirely clear. Ancel Keys, Director of the Laboratory of Environmental
Hygiene at the University of Minnesota, commented on what may have been
the beginning of the schism between academia and the military regarding
scientific interest in nutrition research at a symposium held at the National
Academy of Sciences in 1952:

TABLE 3-2 Conferences and Symposia on Environmental Physiology in Cold and/or
High-Altitude Environments

Conference/ Year  Location Reference
Symposium Title
Nutrition Under 1952 Washington, DC Spector and
Climatic Stress Peterson, 1952
Cold Injury 1958  U.S. Army Medical Horvath, 1960
Research Laboratory,
Ft. Knox, KY
Man Living in the 1960  U.S. Army Fisher, 1961
Arctic Quartermaster Research

and Engineering
Center, Natick, MA

Nutritional 1965  Arctic Aeromedical Vaughn, 1965
Requirements for Laboratory, Ft.

Survival in the Cold Wainwright, AK

and at High Altitude

The Physiology of 1966  Arctic Aeromedical Helfferich, 1966
Work in Cold and Laboratory, Ft.

High Altitude Wainwright, AK

Biomedicine Problems 1967  U.S. Army Research Hegnauer, 1969
of High Terrestrial Institute of

Elevations Environmental

Medicine, Natick, MA

It is appropriate to ask why, in general, the scientists of our country have been
rather reluctant to engage in research directed toward problems of military
subsistence. For it is a fact that many nutritionists may be willing,
occasionally, to act on advisory boards and committees and to attend meetings
like this symposium, but the amount of research they are carrying out is small.
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Most scientists of real ability and worth are such because they are irresistibly
attracted to gaining knowledge of a permanent nature...he feeds his vanity on
the thought that his research has universal meaning...and that he is at grips
with something more durable than this year's specifications for a combat
ration...This means writing articles that he hopes will be applauded,
commanding the attention of his fellows...a succession of purely practical
researches directed toward changing problems of military subsistence, no
matter how good, will not serve these ends...The answer is that every research
program and project must carry with it the prospect of some real scientific
advance...there must be provided opportunities for enlarging the scientific
horizon of the field, for testing basic theories, for formulating new truths of
general application (Keys, 1954, p. 199).

The "writings on subsistence" of those talented and dedicated scientists of
the not-so-distant past should be applauded. Their credit is long overdue. In
retrospect, their ideas have lived on and formed the origins of the 1993
Workshop on Nutrient Requirements for Work in Cold and High-Altitude
Environments, on which this book is based. The work of such university-
affiliated scientists as Adolf, Keys, Mitchell, Horvath, Johnson, Sargent,
Belding, Buskirk, and other civilian academic scientists too numerous to name,
has achieved an important place in the nutrition literature.

Although it is difficult to explain the rather abrupt cessation of
environmental medicine symposia sponsored by the Armed Forces, it is
worthwhile to note that USARIEM in Natick, Massachusetts has begun to
resume meetings of this nature in the form of workshops hosted by the
Committee on Military Nutrition Research (CMNR) of the Food and Nutrition
Board, Institute of Medicine, National Academy of Sciences. These workshops
are narrow in focus and limited to a small group of civilian and military
scientists who have expertise that can be focused on relevant practical scientific
problems from a military standpoint. Publications of the National Academy
Press provide the Department of Defense Food Program and the Surgeon
General of the U.S. Army with comprehensive summaries of recent scientific
literature, advice on specific scientific questions of military application and
importance, and recommendations for future research in military nutrition. They
also contribute to the preparation of U.S. Armed Forces environmental
medicine "pocket guide deployment manuals," which are prepared by the
USARIEM to assist soldiers and their commanders in conducting field
operations in hot, cold, and high-altitude environments (Glenn et al., 1990;
Thomas et al., 1993; Young et al., 1992).

The most recent workshop that focused on environmental extremes,
Nutritional Needs in Hot Environments, was held during Operation Desert
Storm in 1991. The resulting report (IOM, 1993) provided the Armed Forces
with a comprehensive review of nutritional requirements in hot environments.
Fluid requirements for work in the heat were addressed at a previous workshop
sponsored by the CMNR in 1990 (IOM, 1991).

This book summarizes the advancement (or lack thereof) of knowledge of
specific nutrient requirements as influenced by cold and high altitude,
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particularly since the mid 1960s. The ultimate goal is to contribute to the design
of rations and ration supplements that will permit more efficient soldier
performance in cold and high-altitude environments.

Much of the scientific literature on cold and high-altitude nutrition has
come from observations made by explorers. Although many of these reports are
reliable and carefully conducted, their direct application to military operations
may not be warranted. Soldiers are not necessarily of the same ilk as explorers.
Sir George Hubert Wilkins, famed explorer of the Arctic and Antarctica, who
made the first air flight over the North Pole and the first submarine voyage
under the arctic ice, remarked:

Food problems to be met by explorers differ widely from those of the Armed
Forces...men on an arctic expedition have been selected because of their
interest in the area and in the work they must do. They are generally the type
of men who eat to live rather than those who live to eat. They are not greatly
concerned about their food except that it must give them the nourishment they
require (Wilkins, 1954, p. 102).

PREVIOUS MILITARY RESEARCH: THE POLE MOUNTAIN
WYOMING WINTER PROJECT

Because humans inhabit all the climatic regions of the Earth, there has
always been considerable interest in both human genetic adaptations and
cultural traditions that enhance survival, particularly in environmental extremes.
The diet of humans living in different climates varies greatly, which raises the
question whether the diet varies primarily due to the availability of food in the
area, or because certain foods impart unique advantages to life in that climate.

For years, scientists have been intrigued with the possibility that humans
select foods and acquire food habits that will help them adapt to their
environment and combat climatic stress (Mitchell and Edman, 1949). Interest in
foods and nutrients to combat environmental climatic stress peaked during
World War II and continued into the postwar years.

Following World War II, scientific understanding of the roles of vitamins
in the regulation of metabolism was clarified, and there was considerable
research interest in these relatively new "glamour nutrients." The concept of
vitamin supplementation to combat climatic stress arose and became the subject
of much scientific debate. Some preliminary evidence suggested that when
severe demands or stresses are placed on individuals (such as soldiers), their
ability to withstand such stress might be improved by the administration of very
large amounts of certain vitamins, particularly the water-soluble vitamins
(Dugal, 1954; Ralli, 1954). Although not all investigators believed that excess
vitamin intakes would improve human tolerance to cold (Glickman et al., 1946),
by 1952, the body of evidence supporting this view was "...impressive enough
to cause the Research and Development Board of the
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Surgeon General's office and its consultants to pose the question of whether the
concept might be applicable in certain military situations" (Medical Nutrition
Laboratory, 1953, p. 1).

Following this recommendation, the staff of the Medical Nutrition
Laboratory (located then in Chicago) drew up a protocol for a cold-weather
field study. It was quite an undertaking and became known as the Medical
Nutrition Laboratory Army Winter Project: Vitamin Supplementation of Army
Rations Under Stress Conditions in a Cold Environment—The Pole Mountain,
Wyoming Study (Medical Nutrition Laboratory, 1953). The study was designed
to answer the basic question: Will the functional abilities of the soldier in a cold
environment be significantly improved by supplementation with large amounts
of vitamin C and B-complex? The specific objective of the 2-month cold-
weather field study was to determine the effect of supplementation with large
amounts of ascorbic acid and B-complex vitamins on the physical performance
of soldiers engaged in a high-activity program in a cold environment, both with
and without caloric restriction. The study was conducted at Pole Mountain,
Wyoming (elevation 8,300 ft [2,532 m]), from 2 January 1953 to 10 March
1953 with 86 military personnel as study participants. The control group (42
men) received a capsule containing 6 mg of ascorbic acid four times a day. The
supplemented group (44 men) received four capsules that appeared to be
identical to the control capsules, each containing: 10 mg thiamin, 10 mg
riboflavin, 100 mg niacinamide, 80 mg calcium pantothenate, 40 mg
pyridoxine, 2.5 mg folic acid, 4 pg of vitamin B,, and 300 mg ascorbic acid.
The average daily temperature was 26°F (-3°C), with the wind chill making it
much colder. To enhance the effect of cold, the outdoor clothing was restricted
to "less than the amount required for comfort when inactive under the prevailing
weather conditions" (Medical Nutrition Laboratory, 1953, p. 23).

The subjects maintained a program of high-level outdoor physical activity.
Physical performance measurements were taken, including the Harvard step
test, handgrip strength test, Army Physical Fitness Test, and forced marches.
The decline in rectal temperatures during indoor and outdoor cold exposure was
measured, and a group of psychological tests were administered.

Major findings of the Pole Mountain study showed no significant
differences between groups for physical performance measures or psychological
tests. There was, however, a significantly greater loss of body weight in the
supplemented group, perhaps related to a significantly smaller decline in their
rectal temperatures upon cold exposure. The conclusions from this study were
as follows:

Under the conditions of this experiment, supplementation of an adequate diet
with large amounts of ascorbic acid B-complex vitamins in men subjected to
the stresses of high physical activity,...cold,...and caloric deficit did not result
in significantly better physical performance than that of unsupplemented men
(Medical Nutrition Laboratory, 1953, summary, p. 2).
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This report recommended that Army rations used in cold weather did not
need to be supplemented (beyond the then current values in the Recommended
Dietary Allowances, NRC, 1948) with ascorbic acid and B-complex vitamins,
and this basic recommendation has stood for 41 years since the study. However,
it was also recommended that further studies be made on the effect of vitamin
supplementation on the physiological and pathological response of human
subjects to cold exposure. This recommendation has not been pursued to a
significant degree by military or civilian scientists. Only a small amount of
subsequent research has taken place between 1952 and 1993 on the topic of
vitamin supplementation and thermoregulation.

GOALS OF THE 1993 WORKSHOP AND THIS BOOK

The 1952 workshop on Nutrition Under Climatic Stress proposed that the
participants address six topics:

practical problems of service operations under climatic stress,
physiological responses of men to heat and cold,

animal experimentation,

human experimentation,

summary of present knowledge, and

survey of areas in which more research is needed.

AN

This was a reasonable format in 1952 and also served the 1993 workshop
on Nutrient Requirements for Work in Cold and High-Altitude Environments
(on which this book is based). Speakers for the 1993 workshop addressed one or
more of these topics in their presentations, but animal and human work were not
treated as separate topics.

Speakers for the 1993 workshop also received the list of questions that
were of particular interest to the Army and that were presented and addressed
by the CMNR in Chapters | and 2 of this volume.

AUTHOR'S CONCLUSIONS

This brief historical review of cold and high-altitude issues relative to
military operations illustrates that the Armed Forces traditionally have been
aware of and keenly interested in the impact of these extreme environments on
human performance. Nutrition has been viewed as a key factor for enhancing
both physiological performance and morale during operations in these
environments. Military interest in research on nutrition and human physiology
in cold and high-altitude environments peaked during and after World War 11
and the Korean conflict, probably due to the extensive cold weather operations
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that were conducted in these wars and the doctrinal and equipment shortfalls
that were perceived. During the 1950s and 1960s civilian and military scientists
jointly participated in several excellent environmental medicine conferences
that were sponsored by the Armed Forces. It is apparent that many of the same
concerns regarding physiological limitations to human performance in cold and
high-altitude environments that were expressed by civilian and military
scientists 30 to 40 years ago still exist today. Advances in technology, doctrine,
and equipment have not eliminated the need for a better understanding of
human physiology and nutritional needs in these environments that are still
critical to current military operations. It is hoped that this conference and report
will help document and update the advances that have been made in
establishing nutrient requirements for work in cold and high-altitude
environments and give direction to future research.
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Leadership Insights for Military
Operations in Cold Weather and at High
Altitudes

Russell W. Schumacher, Jr.!

INTRODUCTION

Soldiers, scholars, and military historians have always marveled at
Hannibal overwhelming the Italian Peninsula by way of the Alps. This classic
historical feat was successful primarily because he planned his campaign in
detail and was prepared for any known eventuality. This early military
operation, which was conducted in the cold at high altitude, is one of many that
lends credibility to the need to know how to operate in these areas of the world.

Cold and high altitude have always been enemies of military planners as
well as their troops, and most large armies of the world have training centers
where they maintain an expertise in cold-weather operations. The human body,
which functions normally at 98.6°F (37°C), faces difficulty when the
temperature ranges from —30°F to 30°F (—34°F to —1°C). The question is, how
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can the military operate in this environment? Is it clothing, equipment, state of
mind, leadership, physical condition, medical knowledge, or proper nutrition
that allows soldiers to function in a cold, high place? The truth of the matter is,
it can be all of these factors or just a few, depending on the individual and the
circumstances. However, when dealing with large military forces, the initial
planning must include all of the above factors, and probably more, and they
must be consistently addressed throughout an operation.

THE MIND AND LEADERSHIP

The single most important factor for successful military operations in cold
and at high altitudes is the development of a state of mind that allows soldiers to
survive and actually thrive, if they are familiarized, oriented, and led properly.
The philosophy of simply "surviving the cold" has no place in U.S. military
operations. Troops must be convinced that the cold is manageable, and that it is
not something to be intimidated by, but rather something to respect and
conquer. This task is not easy to accomplish. Consider the young Marine who
declared that he could not ski or adapt to the cold because he was from
Oklahoma. To follow that logic, the great Carthaginian Hannibal should never
have crossed the Alps because he was from sunny North Africa. Many people
believe that they are not capable of dealing with the cold or that they should not
have to. Therefore, cold is a daily challenge to field commanders, and military
leaders must be masterful psychologists with regard to planning for cold and
high-altitude operations. They must be aware that exceptional physical fitness
and proper equipment and its proper use contribute much to building the
soldiers' confidence in a cold environment. The expectations of soldiers'
performance must also be reexamined. This issue can cause difficulties for
leaders. How a unit performs at sea level on a 75°F (24°C) day has no
relationship to what the same unit can do at 9,000 ft (2,745 m) when the
temperature is 20°F (-7°C), when it is snowing and the wind is blowing off and
on at 20 knots, or even when the sun is shining. High altitude is a major
hindrance, and if leaders do not recognize this fact and adjust their expectations
for their troops and mission accordingly, they are in for a long day and probably
eventual disaster. Simply put, the best equipment and physical condition will
not in itself create success. The commander, as well as each small-unit leader
and the individual, is responsible for developing a positive attitude toward the
situation. If possible, this training must take place weeks and months in advance
of any military operation. If not, then the commander and all the subordinate
leadership must work daily to maintain a positive attitude among the troops.
Adaptation and flexibility are key to success in cold and high-altitude
environments.
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DIET

The diet of an average soldier is much like that of an average American. It
is not always the best. However, one cannot function for long on a poor diet in
the cold and certainly not above 6,000 or 7,000 ft (1,830 or 2,135 m) for any
extended period of time. The caloric intake required in this environment, as well
as the kind of food received from those calories, is very important. Soldiers can
survive on Snickers bars and Top Ramen soup for a few days (which is often
the case in short-term military exercises), but for long campaigns troops need to
eat a proper diet to avoid early casualties. The rations provided by the U.S.
Department of Defense are most adequate, as long as variation for troop morale
and the proper daily intake of calories are maintained.

MEDICAL CASUALTIES

A commander must be aware of the potential medical problems that
soldiers face in the cold and at higher elevations. These problems are not
hypothetical; they are real casualty producers and killers. History reveals that
the cold and high altitude (above 7,000 ft [2,135 m]) produce far more
casualties than bullets or any other single cause. Acute mountain sickness, high-
altitude cerebral edema, high-altitude pulmonary edema, and frostbite are all
potential casualties that are the price of doing business in cold, high places. All
medical personnel need to be trained to deal with them, and battalion,
regimental, and division surgeons must know how to treat these ailments and
conditions. Small-unit leaders and personnel need to know the proper way to
recognize symptoms and to react so that they can assist their fellow soldiers and
prevent death. Excellent leadership, clothing, equipment, and diet do not in
themselves prevent these medically related problems. Specific awareness and
treatment of potential medical problems must be maintained by all personnel
and planned for well in advance of an operation.

TRAINING TROOPS

Just as troops can be trained to attack a fortified position (which logic
warns against), troops can be trained to become acclimatized and to operate in
the cold. However, such training requires masterful and consistent leadership
and education. Of the many battalions that have come through the Marine Corps
Mountain Warfare Training Center, the good ones all had strong,
knowledgeable, flexible commanders who had plenty of common sense. These
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commanders took a deliberate, planned approach to unit training. The took care
of their personnel and did not exhaust them early in the training cycle. To train
troops to operate in cold and high-altitude environments, military leaders must
provide specific training and reemphasize all aspects of it on a daily basis.

PHYSICAL CONDITION OF TROOPS

Peak physical condition of soldiers is critical for operations in cold and
high-altitude environments. Some of the physical challenges in cold, high
places include the weight of the pack, size of the lungs, and natural fatigue
caused by the cold. Soldiers must be in superb physical condition to compensate
for these challenges. Generally, the body will adjust to a higher altitude over a
period of time (80+ percent in 90 days) and physical performance levels will
return to approximately 80 percent of sea-level performance levels within 90
days. However, even though the body adapts, the soldier must also deal with
fatigue, the much heavier pack (more clothing and equipment), and less oxygen
in the alpine environment. This combination of challenges is devastating to
soldiers who are in poor physical condition and who then become a burden to
their units. Of the many kinds of units that have trained in the mountains, those
that focused part of their training on exceptional physical conditioning for the
most part had a great advantage over those who did not.

CLOTHING AND EQUIPMENT

Probably nothing has affected cold-weather military operations more
positively in recent years than the public's exploding interest in challenging
outdoor activities and the necessary clothing and equipment to pursue them.
Clothing and equipment manufacturers have responded by creating superb
lightweight clothing and equipment, and the U.S. military has taken advantage
of this trend by obtaining an entirely new inventory of cold-weather clothing
and equipment. However, much of this equipment is complex and sophisticated.
Soldiers must know its proper use; otherwise, they are better off in the old wool
and cotton used at the Bastogne in World War II. For example, with the old
gear, there was only one way to wear a heavy, olive-drab wool sock. With the
new synthetic and wool three-sock system, there are many combinations, and
soldiers can freeze their feet if the socks are not worn properly. Training and
small-unit leadership, if consistent, can address these problems.
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g AUTHOR'S CONCLUSIONS
2 The effects of cold and high altitude on the U.S. soldier are, by nature,

negative. Military leadership must take into consideration the specific elements
discussed above to compensate for the challenges presented by this unique
environment. Soldiering generally is not difficult as long as individuals can
adjust to the situation presented. Cold, high environments require great
adaptation and knowledge by all personnel involved. A failure to recognize this
fact can spell disaster. Unlike Hannibal, who did not have Gore, the U.S.
military has a broad range of equipment and knowledge of how to operate
effectively in the cold and at high altitudes. Military leaders must make sure
that it is used with all the skill and energy required.
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Cold-Weather Field Feeding: Military
Rations

Nancy King'

INTRODUCTION

The U.S. Army Field Feeding System can be tailored to the tactical
situation and unit mission in both training and combat environments (AR 30-21,
1990). The cornerstone of field feeding is the military ration. Generally, a ration
is the nutritionally adequate food necessary to subsist one person for 1 day. A
meal is a specific quantity of food provided for one person during one
scheduled serving period. Military rations used for cold-weather field feeding
are nutritionally adequate in accordance with the Military Recommended
Dietary Allowances (MRDA) (AR 40-25, 1985). Military rations may be wet
packed, i.e., they do not required additional water during preparation, or
dehydrated and are divided into group feeding rations and individually
packaged rations. Although any military ration may be provided to the soldier

I Nancy King, Nutrition Care Division, Brooke Army Medical Center, Fort Sam
Houston, TX 78234-6306. Formerly of Military Nutrition Division, U.S. Army Research
Institute of Environmental Medicine, Natick, MA 01760-5007
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while operating in cold environments, some rations may be more suitable than
others.

MILITARY RECOMMENDED DIETARY ALLOWANCES FOR
COLD WEATHER

Military Recommended Dietary Allowances (MRDAs) are the
recommended daily nutrient intake levels that should meet the nutritional and
physiological requirements of practically all healthy 17- to 50-year old,
moderately active military personnel (AR 40-25, 1985) (Table 5-1). The
MRDAS are established jointly by all military services, in concurrence with the
Food and Nutrition Board of the National Research Council. The 1985 MRDAs
are based on the 1980 Recommended Dietary Allowances (RDAs) (NRC,
1980), with the increased requirement of certain nutrients due to the increased
physical activity and, therefore, increased energy requirement of military
personnel compared to their more sedentary civilian counterparts. The MRDAs
are used for evaluating the nutritional adequacy of military rations, ensuring
that military

TABLE 5-1 Military Recommended Dietary Allowances
Dietary Allowance”
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Nutrient Unit Temperate Climate Cold Climate’
Energy keal 3,200 (2,800-3,600) 4,500
Protein g 100 100
Vitamin A U 5,000 5,000
Vitamin D mcg 10 10
Vitamin E mg TE 10 10
Ascorbic Acid mg 60 60
Thiamin mg 1.6 1.6
Riboflavin mg 1.9 1.9

Niacin mg NE 21 21
Vitamin Bg mg 22 2.2
Folacin mcg 400 400
Vitamin B, mcg 3 3

Calcium mg 800-1,200 800-1,200
Phosphorus mg 800-1,200 800-1,200
Magnesium mg 350-400 350-400
Iron mg 10-18 10-18
Zinc mg 15 15
Sodium?* mg 5,500 5,500

* MRDA for males > 17 years old.

T Dietary allowance for cold environment (< 57.2°F [14°C]).

¥ Maximum amount allowed.

SOURCE: Adapted from AR 40-25 (1985).
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personnel maintain their nutritional status, health, and performance in extreme
as well as temperate environments. The MRDA are currently being revised to
reflect the 1989 RDAs (NRC, 1989).

The increased energy requirement during cold-weather operations is due to
the heavy cold-weather clothing and footgear (the hobbling effect), and
increased effort needed for locomotion on snow- or ice-covered terrain (Gray et
al 1957; Johnson and Kark, 1947; see Jones and Lee, Chapter 11 in this
volume). Energy requirement increases in proportion to the amount of time
spent working in the cold; thus, it is dependent on mission. The increased
energy allowance does not apply to military personnel stationed in cold climates
who are not engaged in field operations.

Even though the MRDAs recommend a minimum of 4,500 kcal/d for
military personnel working in the cold, energy requirements for cold-weather
field operations are variable and difficult to predict. Studies in which energy
expenditure of military personnel working in the cold was measured using
stable isotopes showed mean energy expenditures of 4,253 kcal/d (King et al.,
1992) and 4,919 kcal/d (Hoyt et al., 1991).

MILITARY RATIONS USED IN COLD WEATHER

Military rations may be wet packed, i.e., they do not required additional
water during preparation, or dehydrated and are divided into group feeding
rations and individually packaged rations. Although any military ration may be
provided to the soldier while operating in cold environments, some rations may
be more suitable than others. Freezing of rations and water, and difficulties
associated with preparing and serving hot foods, are inherent problems of cold-
weather field feeding.

Group Feeding Rations

Group feeding rations are used whenever the opportunity to eat together as
a unit is possible. The meals are prepared and served hot to military personnel.
Among the group feeding rations, the Tray Pack (T Ration) is the ration most
commonly used for cold-weather field feeding because it does not require
refrigeration or cooking. The other group feeding rations are: (1) A Ration,
which consists of both shelf-stable and perishable food items requiring
refrigeration and cooking, and (2) B Ration, which consists of canned and
dehydrated food items requiring cooking but no refrigeration. Because of the
effects of extreme cold temperatures on the equipment required to maintain and
prepare the A and B Rations, these rations are not commonly served during
cold-weather field operations.
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Tray Pack

The Tray Pack (T Ration) is ready to heat and serve. The ration is
thermally processed, pre-prepared, shelf-stable food, packaged in hermetically
sealed half-size steamtable metal containers. The containers serve as the
package, heating pan, and serving tray. The containers can be heated, unopened,
in boiling water for 15-50 minutes (depending on the product) or opened and
heated in an oven to an internal temperature of 165°F (74°C). A special hand-
held or table-mounted can opener is required to open the T Ration food
containers.

The ration consists of 10 breakfast and 10 lunch-dinner menus including
an entree, starch, vegetable, and dessert (Table 5-2). The T Ration is augmented
with a cold-weather supplement module (Arctic T), which provides additional
calories to meet cold-weather energy requirements. The supplement module
consists of oatmeal, soup, candies, cookie bars, bread, and additional hot
beverages. The Arctic T also contains styrofoam clamshell trays and hot cups
with lids to maintain food temperature during serving. The Arctic T Ration
provides approximately 2,400 kcal per meal (including approximately 1,000
kcal supplied by the cold-weather supplement module) (NRDEC, 1992).

Individually Packaged Rations

Individually packaged rations are used when the mission or tactical
scenario prevents group feeding. These rations provide singular meals that can
be consumed hot or cold, but they are more palatable when they are hot.
Therefore, individual flameless ration heaters are provided to the soldiers so
that the rations can be heated. The chemicals in the heater pad (magnesium and
iron) are activated by 2 oz (59.2 ml) of water, and it takes only 10 to 12 minutes
for the entree to reach an optimal serving temperature of 140°F (60°C).

Meal, Ready-to-Eat

The standard military operational ration is the Meal, Ready-to-Eat (MRE),
which is wet packed. It consists of heat-processed, shelf-stable food
components that require no preparation. Twelve menus are available, each
containing an entree, crackers, a spread (cheese, peanut butter, or jelly), dessert,
candy, and beverage powder (Table 5-2). The water requirement is
approximately 23 oz to rehydrate all beverages in one MRE; thus, the water
requirement for an entire day subsisting on MREs could be 92 oz. One meal
provides 1,300 kcal (15 percent protein, 49 percent carbohydrate, and 36
percent fat) and 1.8 g sodium (NRDEC, 1992). Thus, to meet the cold-weather
energy requirement,
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TABLE 5-2 Menus of Military Rations Used in Cold-Weather Operations

T Ration”
Breakfast’ Lunch- MRE} RCWI LRP I*
Dinner*
Menu Western Chic breast Pork w/rice Chicken Chicken
1 omelet; w/gvy; in BBQ sce; stew stew;
Pot w/bacon;  Sweet pot; Applesauce; Cornflake
Peaches Mixed veg; Jelly bar;
Pound cake Oatmeal
cookie bar;
Tootsie
Rolls;
Apple cider
Menu Omelet w/ Lasagna; Corned beef Beef Beef stew;
2 sausage Green beans;  hash; stew Granola
and pot; Frt cocktail Fruit; bar;
Crm grd Oatmeal Choc-
beef; cookie bar; covered
Spice cake Jelly cookie;
Caramels;
Cocoa
Menu Bread Beef pot rst; Chicken Chili Escalloped
3 pudding White rice; stew; con pot & Pork;
w/ham,; Mixed veg; Fruit; carne Cornflake
Maple syrup;  Choc cake Peanut but & rice bar;
Ham slices; Fig bar;
Frt cocktail, Choc bars
Coffee cake w/toffee;
Apple cider
Menu Omelet w/ BBQ pork; Omelet w/ Chicken Chicken w/
4 bacon; Mac & ham; ala wh sce &
Pork cheese; Pot augratin;  king veg;
sausage; Peas/carrots; Oatmeal Cornflake
Applesauce; Applesauce; cookie bar; bar;
Spice cake Spice cake Cheese Choc-
spread covered
cookie;
Chuckles
Menu Omelet w/ Beef strips Spaghetti Chicken Chicken &
5 bacon & w/peppers; meat Sce; & rice rice;
cheese; Pot w/butter;  Maple nut Granola
Corned beef Carrots; cake; bar; Choc-
hash; Marble cake Cheese covered
Pears spread brownie;
Chuckles
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T Ration”
Breakfast™  Lunch- MRE} RCW LRP I
Dinner*
Menu Western Chicken Chicken a la Spaghetti Spaghetti
6 omelet; cacciatore; king; w/meat w/meat
Pork Pot w/ Fruit; sce sce;
sausage; butter; Peanut but Cornflake
Peaches; Green & rice bar;
Bluebry beans; Tootsie
cake Choc Rolls
pudding
Menu Omelet w/ Hamburger Beef stew; Chili con
7 sausage wiroll; Cherry nut carne;
& potato; Beans w/ cake; Granola
Ham bacon; Peanut but bar;
slices; Frt cocktail, Choc-
Frt Cheese covered
cocktail spread brownie
Charms
Menu Crm grd Chili con Ham slices; Beef &
8 beef; carne; Pot augratin; rice;
Pot w/ White rice; Brownie; Cornflake
bacon; Corn; Jelly bar;
Pineapple Marble cake Fig bar;
M&M's
Menu Western Turkey w/ Meatballs &
9 omelet; gvy; rice
Ham Pot w/ w/tom sce;
slices; butter; Fruit;
Peaches Mixed veg; Cookie;
Pound Peanut but
cake/
bluebry
topping
Menu Egg w/ Beef tips w/ Tuna w/
10 ham; evy; noodles;
Pork White rice; Choc nut
sausage; Peas/ cake;
Bluebry carrots; Cheese
cake Choc spread
pudding
Menu Chix wr/rice;
11 Cookie;
Cheese
spread
Menu Escalloped
12 pot w/ham;
Applesauce;
Brownie;
Jelly
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NOTE: T Ration, Tray Pack Ration (FY1992); MRE, Meal, Ready-to-Eat (Version XII); RCW,
Ration, Cold Weather; LRP I, Long-Range Patrol, Improved. * Includes bread, milk, coffee,
peanut butter, and jelly. Cold-weather T Ration supplement includes MRE pouch bread, candy,
oatmeal cookie bars, soup, extra hot beverages, nondairy creamers, clamshell trays, and hot
cups with lids. T Includes fruit juice and cocoa. Menus 1, 2, 5, 7, 8, and 10 include assorted
oatmeal. ¥ Includes beverage powder. ¥ Includes crackers, cocoa beverage power, and hot sauce.
Menus 1-6, 10, and 11 include candies. Accessory packet contains coffee, cream, sugar, salt,
chewing gum, matches, toilet paper, and towelette. Includes assorted oatmeal, nut-raisin mix,
cocoa beverage powder, apple cider mix, chicken noodle soup, fruit bar (fig or blueberry),
crackers, granola bars, oatmeal cookie bars, chocolate-covered cookie or brownie, orange
beverage powder, Tootsie Rolls, M&M's, and lemon tea. Accessory packet contains coffee,
cream, sugar, chewing gum, toilet paper, matches, and closure devices. # Accessory packet
contains coffee, cream, sugar, chewing gum, toilet paper, matches, and salt.

SOURCE: NRDEC (1992).
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the soldier requires four MREs (Table 5-3) or three MREs with an energy
supplement. An example of an energy supplement commonly provided to
soldiers working in the cold is granola bar, beverage powder, pouch bread
(shelf-stable, water-activity controlled bread in a pouch), and trail mix.

Ration, Cold Weather

The Ration, Cold Weather (RCW) is a dehydrated ration that can be
reconstituted with hot or cold water or consumed dry. This ration was
developed to satisfy a Marine Corps requirement in 1983 for their annual
deployment of units to Norway for cold-weather training. Subsistence items and
rations available at that time were unsatisfactory for three reasons: (1) they were
too bulky or heavy; (2) they contained amounts of sodium and protein that were
in excess of requirements and added to the metabolic water burden; or (3) their
high water content made them susceptible to freezing.

The RCW consists of six menus and contains freeze-dried, cooked entrees
and other low-moisture foods, such as granola bars, oatmeal, nut-raisin mix,
chicken noodle soup, fruit bars, and crackers (Table 5-2). Several beverage
mixes and soup are included in each menu to encourage water consumption.
The water requirement is 90 oz per ration, if all components are consumed
hydrated; thus the water requirement for an entire day subsisting on RCW could
be 90 oz. The ration is lightweight and will not freeze. There are 2 meal bags
per ration which provide food for 24 hours. The protein and sodium contents are
adequate but are reduced to conserve metabolic water requirements. One ration
(two meals) provides 4,500 kcal (8 percent protein, 60 percent carbohydrate,
and 32 percent fat) and 5 g sodium, enough food to meet energy and nutrient
requirements in cold-weather operations (Table 5-3).

Long-Range Patrol, Improved

The Long-Range Patrol, Improved (LRP I) is a dehydrated, lightweight,
freeze-resistant ration which occasionally is used during cold-weather
operations. This ration was designed to sustain personnel during initial assault
and special operations (one ration per day). When used in cold weather, this
ration can be used as a meal (e.g., one per day in conjunction with two group
ration meals) or as one complete day's ration (three LRP I meals per day). The
LRP I has eight menus, each consisting of an entree, cereal bar, cookie, candy
component, and beverage (Table 5-2). The water requirement is 10 to 12 oz for
the entree and 16 oz for the beverages; thus, the water requirement for an entire
day subsisting on LRP Is could be 84 oz. One ration provides 1,500 kcal (15
percent protein, 50 percent carbohydrate, and 35 percent fat) and 2.5 g
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sodium (NRDEC, 1992). Three LRP Is would provide enough food to meet
cold-weather energy requirements (Table 5-3).

SELECTING A MILITARY RATION FOR COLD-WEATHER
OPERATIONS

The selection of military rations for cold-weather operations is influenced
by the tactical situation, mission, and logistical support. These factors determine
length of operations, how feasible it is to carry the rations, how often resupply
would occur, how much water would be available, etc. Thus, ration weight,
size, and amount of water required for reconstitution are important
considerations. Table 5-4 illustrates how some military rations may be more
suitable than others during cold-weather operations. For instance, a daily supply
of MREs weighs approximately twice as much as a daily supply of RCW or
LRP Is. This difference becomes critical when, due to length of mission,
military personnel are required to carry several days' supplies.

The macronutrient distribution of these rations is similar, except for the
percent energy provided by protein. Where most of the rations provide
approximately 15 percent of total calories from protein, the RCW provides only
8 percent (NRDEC, 1992). The RCW was designed to be lower in protein than
other rations to conserve metabolic water in the cold. Still, the RCW is adequate
in protein, providing over 90 percent of its MRDA. Studies conducted by
scientists from the U.S. Army Research Institute of Environmental Medicine
(USARIEM) have shown similarities among the nutritional intake of soldiers
consuming MREs, RCWs, LRP Is, and Arctic Ts during cold-weather field
training exercises (Edwards et al., 1991, 1992; King et al., 1992). These studies
also showed that even though the soldiers were provided with an adequate
supply of rations, they did not consume enough food to meet their energy
requirements. Overall ration acceptability was reported at or above "neutral"
score for MREs, RCWs, LRP Is, and Arctic Ts, suggesting that the low intake
was not caused by poor acceptability (Edwards et al., 1991, 1992; King et al.,
1992).

AUTHOR'S CONCLUSIONS

The Army Field Feeding System provides commanders with a variety of
alternatives for cold-weather field feeding; thus, the system can be tailored to
tactical situation and unit mission (AR 30-21, 1990). Each feeding modality and
ration has intrinsic advantages and disadvantages. For instance, whereas group
feeding promotes socialization that increases morale and food intake, it may
interfere with military operations. Further, group feeding rations require
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TABLE 5-3 Approximate Nutritional Content of Rations Used in Cold-Weather

Operations
MRDA T MRE RCW LRPI
Ration 4 ¢! 3
3 meals) ration) meals)
meals)
Nutrient Men Women
Energy, kcal 4,500 3,500 4,323" 5,392 4,567 4,668
Protein, g 100 80 180.9 196.7 93.9 179.2
Carbohydrate, |t 582 669 682 586
g
Fat, g E 1 141 215 163 179
Vitamin A,IU 5,000 4,000 15153 16,880 8,022 8,133}
Vitamin E, mg 10 8 158 228 21 138
TE
Vitamin C, mg 60 60 208 408 329 183
Thiamin, mg 1.6 1.2 35 10.8 5.7 3.7
Riboflavin,mg 1.9 1.4 35 43 2.6 2.8
Niacin, mg NE 21 16 42 52 31 54
Vitamin By, 2.2 2 22 7.6 3.98 2.7
mg
Folacin, ug 400 400 339 2928 1418 1328
Vitamin B, 3 3 5.38 3.58 0.8% 1.88
ng
Calcium, mg 800— 800 1,687 2,052 1,379 1,149
1,200 1,200
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MRDA T MRE RCW LRPI
Ration 4 (1 @3
3 meals) ration) meals)
meals)
Nutrient Men Women
Phosphorus, 800 800- 2,761 3,184 2,168 2,352
mg 1,200 1,200
Iron, mg 10-18 18 29 24 19 24
Sodium, mg B _ 7,374 7,292 4,720 7,740
Potassium, N i 5,626 5,424 4,084 4,419
mg
Magnesium, 350— 300 523 556 592 489
mg 400
Zinc, mg 15 15 20.2 13.48 10.8% 8.98
Cholesterol, t R 4848 4768 1838 1748
mg

NOTE: MRDA, Military Recommended Dietary Allowances for moderately active military
personnel ages 17 to 50 years old operating in cold weather; T Ration, Tray Pack Ration
without cold-weather supplement (FY1992); MRE, Meal, Ready-to-Eat (version XII); RCW,
Ration, Cold Weather; LRP I, Long-Range Patrol, Improved.

* Cold-weather supplement adds approximately 1,000 kcal.

f No MRDA established.

1 Should not exceed 35 percent of total energy intake.

§ Data missing (more than 50 percent) or inaccurate.

I'No MRDA established. The safe and adequate levels published in the RDA are considered to
be unattainable within military foodservice systems. An average of 5,500 mg for men and 4,100
mg for women is the target.

#No MRDA established. The safe range is 1,875-5,625 mg.

SOURCE: Adapted from AR 40-25 (1985). Record of nutritive values for each ration.
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kitchen equipment and utensils. While wet packed rations are more
convenient to use than dehydrated ones, they are heavier, bulkier, and prone to
freezing. On the other hand, the dehydrated rations require additional hot water
to make them more palatable and increase their consumption.
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TABLE 5-4 Characteristics of Individually Packaged Rations Used in Cold-Weather

Operations

MRE RCW LRPI
Type Wet Pack  Dehydrated  Dehydrated
Number required per day to meet cold- 4 1 3
weather requirements (each)
Weight per daily supply (kg) 2.7 1.3 1.4
Water required to reconstitute entree 2,760 2,700 2,430
and/or beverages (ml)
Energy provided in 1-day supply (kcal) 5,200 4,500 4,500
Sodium provided in 1-day supply (g) 7.3 5 7.5

NOTE: MRE, Meal, Ready-to-Eat; RCW, Ration, Cold Weather; LRP I, Long-Range Patrol,
Improved.

" One RCW consists of 2 bags.

SOURCE: Adapted from King et al. (1994).

While the provision of adequate nutrition and hydration to military
personnel remains a major problem during cold-weather operations, the
commander must consider ration characteristics together with the environmental
conditions, unit tactical situation, mission, and logistical support. The final
decision should be made carefully to optimize mission accomplishment and
military performance. The consequences of poor nutritional intake and
dehydration are increased medical problems and decreased unit effectiveness.
Command leadership and enforcement of ration consumption and water
discipline are crucial to prevent these consequences. Most often, a combination
of rations, such as Arctic T breakfast, LRP I lunch, and Arctic T dinner,
provides maximum flexibility for the commander and increases ration
consumption.
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COLD-WEATHER FIELD FEEDING: MILITARY RATIONS

‘uoiNquile Joj UOISIaA aAIellIoyINe a8y} se uonedlignd siy) JO UoIsIan Juld 8y} asn ases|d ‘pauasul Aj[ejuapiooe uaaq aAey Aew siolid oiydeibodAy swos pue ‘paulelal
aq jouued ‘Janamoy ‘Bumniewloy oyoads-BuiesadAy Jayjo pue ‘sojAls Buipeay ‘syeaiq pisom ‘syibua)| aul| {jeulblio ay) 0} anly aie syeaiq abed ‘sa|i BuimesadAy jeulblo
ay} wol} jou Yooq Jaded [euibuo ay} wouy payeasd saji X Wwoly pasodwodas usaq sey yJom |eulbuo ay) jo uonejuasaidal |eybip mau siyl :8j 4ad Syl Inoqy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5197.html

nvironments: Applications for Military Personnel in Field Operations

FEEDING THE U.S. ARMY SIXTH INFANTRY DIVISION (LIGHT) IN THE COLD 115

6

Feeding the U.S. Army Sixth Infantry
Division (Light) in the Cold

Thomas J. Lange'

INTRODUCTION

For generations cold weather and extreme cold weather have altered the
outcome of the best laid military plans. Conflicts between nations that took
years to resolve involved sustaining armies during the winter months.
Commanders of the past moved forward utilizing instinct, persistence, and the
undying drive to succeed. Often, the logistics of resupply and keeping the Army
fed and warm were the greatest threat, not the enemy.

Decades of extensive research and development have greatly improved
commanders' ability to accomplish their missions. Due to the fall of the Soviet
Union as a threat and the current philosophy of downsizing U.S. forces, today's
commanders are required to accomplish their missions with less

I CW4 (RET) Thomas J. Lange, 8120 S.W. 63 Court, Miami, FL 33143. Formerly of
Fort Richardson, AK 99505
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equipment and personnel. Military personnel today are highly trained, and
equipment is state of the art.

The instruments of death have been developed and utilized with great
success. Instruments to sustain the life support systems of U.S. soldiers on the
modern battlefield must keep pace with these changes. Following World War I1
great strides were made through the development of a doctrine to improve the
"Quality of Life" of U.S. soldiers. Since that time, there has been a continued
emphasis on improving food, apparel, and other supplies and logistics for the
soldier.

Harsh winter environments require detailed planning, coordination, and
troops that are physically hardened and trained. Flexibility, maneuverability,
and the use of equipment are all reduced in the cold, while logistic, engineering,
subsistence, and medical problems increase dramatically. Winter creates
physiological stress on the individual, and the additional weight of winter
clothing, sleeping bags, and rations combine to reduce individual and unit
mobility. "Survive, move, fight!" is the moxie of winter warfare.

THE U.S. ARMY FAMILY OF RATIONS

Foodservice equipment to support and service a family of rations has been
developed under the auspices of the U.S. Army. Examples of this equipment
include the Mobile Kitchen Trailer (MKT) and Kitchen Company Level Field
Feeding equipment (KCLFF). Rations supported through these kitchen units
include menus of A Rations; B Rations; Meal, Ready-to- Eat (MRE); Ration,
Cold Weather (RCW); and Food Packet, Long-Range Patrol IT (LRP[II]).

Feeding the right meal, at the right place, and at the right time is the
ultimate goal of the Army feeding program. The U.S. Army has had a field
feeding standard of providing all soldiers with one MRE and two hot meals per
day (U.S. Department of the Army, 1991a). The hot meal has been primarily the
T Ration. This standard has also allowed for two A Ration meals in a 7-d
period. The standard was regarded by field commanders as a prescription that
dictated the contents and timing of meals, rather than as a policy or guideline
for overall nutrition. They felt that the standard failed to offer them the
flexibility they needed to modify feeding schedules within their own commands
in response to the demands of particular situations.

At that same time, the U.S. Army Quartermaster Center and School was
aggressively pursuing a revised feeding standard that would provide the
commander with the flexibility needed to ensure that all soldiers on the
battlefield were provided the right meal, at the right place, and at the right time
(U.S. Department of the Army, 1991a). A revised feeding policy was written,
which simply states that field commanders have the responsibility for providing
their soldiers with three quality meals per day. This revised feeding
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policy (U.S. Department of the Army, 1990) was approved for implementation
in November 1990 and was successfully executed.

To support the revised feeding policy of three quality meals per day, the
commander has available to him a family of rations that is built on individual
and group rations. The primary individual ration is the MRE, and the group
rations include unitized T Rations, unitized B Rations, and A Rations.

The RCW is a unique individual ration that is used in arctic environments
and that includes six menus containing three entrees, several snacks, and
numerous hot drinks (U.S. Department of the Army, 1989). Little preparation of
the ration is required by the soldier. The RCW is lighter and smaller than three
MREs and contains approximately 4,500 kcal per daily ration menu with a
nutrient content designed to conserve body water. The packaging cannot be
damaged by temperatures below freezing, and it is flat, flexible, and waterproof.
Although the RCW was designed to be totally self-contained, there have been
training exercises in which additional food items have been included (primarily
prepared soup and coffee). MREs have also been used as a daily ration in arctic
environments; they must be supplemented with additional ration items to be
nutritionally adequate.

Soldiers with the Alaska Army National Guard ("scouts")> who operate out
of the most remote villages have experienced problems feeding their troops.
Past generations of Alaskan scouts were hardened veterans of extreme cold
weather, and they ate off the land. Their diet consisted of seal and polar bear.
As these older scouts retired and were replaced by younger scouts, it was found
that the replacements could not sustain themselves as had their predecessors,
who had more of the skills needed to live off of the land. To update the scouts'
diet to Army standards that would be supported with the state-of-the-art "family
of rations," the Alaska Army National Guard's suggested immediate solution
was to use the RCW. Two problems occurred with its use, however, which
made replacement of the RCW necessary. First, the RCW was still a dramatic
diet change for the younger troops. Most scouts had been exposed to MREs and
preferred the MRE to the RCW. Second, the RCW required more water for
consumption because all components are dehydrated or vacuum packed. Today,
scouts in Alaska consume MREs with supplements, and additional bottled water
is air dropped at predetermined locations.

2 The soldiers of the Alaska Army National Guard are called scouts because their
mission is primarily accomplished on foot, and they serve as forward observers who
support themselves without major logistical support.
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EQUIPMENT PROBLEMS: THE MOBILE KITCHEN TRAILER

Under U.S. Army doctrine (FM 10-23, 1991), the Mobile Kitchen Trailer
(MKT) is used in all areas and under all climatic environments for military
operations in the field. The MKT provides a standard, efficient, vehicular-
mounted operating unit that eliminates the need to improvise kitchen facilities.
The MKT can withstand frequent movement over unimproved surfaces, and it
can be moved with relative ease over great distances in daylight, darkness, and
under blackout conditions. The kitchen is engineered to provide three hot meals
per day for a company-sized unit and requires no major overhaul or replacement
of major components for 180 days.

The MKT is issued as basic equipment to battalions, companies, batteries,
and detachments as authorized in the Table of Organization and Equipment
(TO&E) for mess, personnel, and equipment (CTA 50-909, Field and Garrison
Furnishings and Equipment). MKTs can be pooled when the tactical or
logistical situation dictates the desirability of centralized food preparation. One
kitchen is issued per company or equivalent unit. The kitchen requires a 5-
soldier team to set it up in 1 hour.

The MKT and its component equipment can be used to produce all
families of rations and additional supplements. However, during extreme cold
weather the MKT, as originally designed for tropical environments, is not
suitable; the temperature is inadequate for the proper functioning of the
equipment as well as for the personnel. A product improvement test involving
two different models of the MKT was conducted in 1988 at the U.S. Army Cold
Regions Test Center (CRTC), Fort Greely, Alaska (Sargent, 1988). The two
models tested were the NRDEC-MKT-85 and the MKT-85 with winterization
kit from the Sixth Infantry Division (Light) (sixth ID [L] improved MKT). The
test was designed to determine if adequate protection could be provided in a
cold environment without an external, heated shelter and to develop
modifications that would allow the MKT to be transported without damage by
rotary wing aircraft.

During 33 actual and simulated feeding missions conducted in ambient
temperatures ranging from -38° to 11°F (-39° to -12°C), both MKTs were
instrumented using 10 thermocouplers to monitor temperatures. The
thermocouplers were positioned at head, hand, and foot levels centered at the
front and rear of the center work area and at the hand level on the interior side
walls. Four M-2 burner units were operated in each MKT with one-half of the
roof vents open 6 to 12 inches (15.2 to 30.5 cm) for an average of 4.5 hours
during each instrumented mission. Instrumented missions that were conducted
at temperatures of -9° to -7°F (-23° to -22°C); -17° to -15°F (-27° to -26°C);
and -38° to -36°F (-39° to -38°C) were grouped, and mean stabilized
temperatures were calculated. Average interior warm-up time for the NRDEC-
MKT trailer temperature was 25 minutes compared to 45 minutes for the sixth

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5197.html

nvironments: Applications for Military Personnel in Field Operations

FEEDING THE U.S. ARMY SIXTH INFANTRY DIVISION (LIGHT) IN THE COLD 119

ID (L) improved MKT. Temperatures at the head and hand level were slightly
warmer in the NRDEC-MKT.

Little difference in foot-level temperature was noted between the two
MKTs. Because of extremely low foot temperatures monitored throughout the
testing in the MKTs, operating personnel were required to wear vapor barrier
boots. Additionally, adequate cleaning of the MKT could not be performed
during testing due to low foot-level temperatures. This caused food and grease
buildup on the floor insulators and resulted in unsanitary and slippery
conditions. The cold floor temperatures and slippery conditions are considered
significant problems.

During the test period, an attempt was made to determine an effective
means to increase the temperature of the floor area in both MKTs. A 400,000-
BTU space heater (Herman-Nelson) was vented under the MKTs with positive
results. However, the 400,000-BTU space heater is not a recommended solution
for heating the MKT floor. The heater starts poorly and is unreliable in the cold.
In addition, it has a high fuel consumption rate and frequently requires
maintenance from operator and crew.

A heating trial was also performed using two M-2 burner units placed
under the floor of the MKTs. This method was effective in elevating the floor
temperature but constituted a safety hazard to operating personnel in the MKT.
In addition, minor damage was caused to the wiring harness of the MKT
because of excessive heat, even though M-2 burners were set at low levels. This
method also removed one-third of the kitchen's cooking capabilities because
after using two of the six M-2 burner units provided in the MKT to heat the
floor, only four units were available for heating and cooking food.

After one actual heating mission in each MKT, it was determined that
excessive amounts of air entered both MKTs, and as a result, all cover assembly
panels were extended 6 inches. After performance of two additional actual
feeding missions in each MKT, it was noted that the doors on the end cover
assemblies could not be closed properly due to fabric contraction in the cold.

During testing of both MKTs in temperatures below -5°F (-21°C), the
fabric of the roof canopy assemblies and the cover assemblies became
extremely stiff. Failure of the fabric to stretch during installation of the upright
poles during setup resulted in frequent damage to the roof canopy sections and
made assembly of the cover tedious.> Both MK Ts had to have cover

3 The MKT canopy assemblies, made of heavy canvas and plastic, became unduly stiff
when exposed to extreme cold. When a unit reached the training area, the stored, folded
canvas was so stiff that it could not be stretched and laid flat for proper assembly. While
the fabric did not tear, it did not stretch for complete assembly, which is designed so that
zippers are connected to complete a sealed kitchen. Problems were also noted with
placing the poles upright. Poles fit into slots in the floor, then connect with horizontal
hand rails, and finally attach to the roof canopy.

Since the canvas would not stretch correctly, there were open air spaces throughout
the trailer's canopy assemblies.
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assemblies heated in a building before installation. These problems are
significant as mobility of the MKT was greatly reduced.

After testing both MKTs, it was determined that neither met the standards
required for use in an extreme cold-weather environment. The Sixth Infantry
Division (Light) therefore implemented other policies and procedures to ensure
that soldiers are adequately fed in a field environment under extreme cold. This
test encouraged the present Army doctrine that MKTs and A Rations are not to
be used within the Sixth Infantry Division (Light) during the period 15 October
through 15 April (U.S. Department of the Army, 1993a, b).

AN EQUIPMENT SOLUTION: THE KITCHEN COMPANY
LEVEL FIELD FEEDING EQUIPMENT

The Kitchen Company Level Field Feeding equipment (KCLFF) with
tentage and a Yukon stove is the current U.S. Army solution to heating rations
in cold environments. The tentage is a modified M-577 TOC (Tactical
Operations Center) extension. The KCLFF and M-577 TOC extensions have
been issued and used with great success. As the M-577 TOC extensions are
phased out, the Tent, Expendable, Modular, Personnel (TEMPER) and
extendable, modular frame-supported shelter consisting of a collapsible
aluminum frame covered with polyester fabric is the best solution to the Sixth
Infantry Division (Light) tentage problem. Both are easily set up and taken
down, which meets the requirement for quick mobility. The tentage fabric
shrinks slightly in cold weather, but it does not create open areas to allow the
entry or escape of cold winds or heat, as was the problem with the trailer. All
equipment can be transported in a Small Unit Support Vehicle (SUSV) over a
variety of terrain.

THE U.S. ARMY FIELD FEEDING SYSTEM

Commanders and unit leaders must understand the U.S. Army Field
Feeding System (AFFS) (FM 10-23, 1991) to ensure that the system benefits
their soldiers in training and on the battlefield. Command involvement in
training and planning for field training and contingency operations must be
detailed and comprehensive. They must know ration availability, equipment
requirement, logistics support, enhancement requisitioning, and accountability.
They must understand the capabilities and limitations of their personnel, both
cooks and subsistence handlers.
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To standardize requests for ration support, the following procedure is used:

1. Ninety days prior to an exercise, the requesting unit is responsible for
submitting Class I forecasts* to the Division Support Command element
(DISCOM). The forecast will then be forwarded through the Division
Class I Officer (DCI) to the supporting Troop Issue Subsistence Activity
(TISA). The request will contain the unit's exercise dates, personnel
strength, and desired ration schedule.

2. Sixty days prior to the start of the exercise, the unit will update the
forecast.

3. Forty-five days prior to the exercise start date, the supporting TISA and
DCI will publish a ration issue schedule, which includes issue dates for
T Ration menus.

4. Thirty days prior to an exercise, the DCI section will publish a
preprinted issue schedule and menu.

5. Twenty days prior to the exercise, the requiring units will submit ration
requests for the first 10 days of the exercise.

6. Fourteen days prior to the exercise, the DISCOM Division Support Area
(DSA) element will submit all ordering documents for the first 10 days
to the supporting TISA.

The Sixth Infantry Division (Light) uses the KCLFF with M-577 TOC
extension for foodservice operations in the field and to provide remote feeding
capabilities to forward areas. Tray rations currently are the preferred hot
operational ration for Cold-Weather Feeding Doctrine (U.S. Department of the
Army, 1993a). The Arctic T Ration (18-Man Module) and the MRE will be
used in the ration cycle T-MRE-T.

The Sixth Infantry Division (Light) established Standard Operation
Procedures (U.S. Department of the Army, 1993b) that allowed units close to
home station (not more than 30-min travel) to have the option of providing A
Rations from a dining facility for their soldiers. The lunch meal will be MREs
with warming beverages. RCWs will be utilized only for long-range patrols,
mountain-glacier training, and in areas where resupply is extremely difficult.

SUMMARY

During the past 4 to 5 years, the Sixth Infantry Division (Light) tested,
modified, and invented equipment to withstand arctic conditions in order to

4 The Army has nine classifications of supply, and Class I is food or subsistence. Class
I forecasts determine the food and water requirements for a unit in a field environment
for a specific period of time.
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provide the best and safest means of Class I ration support (U.S. Department of
the Army, 1990). The KCLFF meets the requirement of providing two hot
Arctic T Rations daily in temperatures as low as -70°F (-57°C).

Soldiers in extreme cold environments are being offered the KCLFF,
M-577 TOC extension, the Arctic T Ration, MREs, and the RCW. They are
therefore provided with the right meal, at the right place, and at the right time.
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AUTHOR'S RECOMMENDATIONS

The following recommendations are made regarding field feeding of U.S.
soldiers in the cold:

» Sources of heat to prepare and serve hot meals under arctic conditions
must improve. The dependency on liquid or gas fuels creates safety
hazards, and a dry heat source must be developed. The use of electricity,
microwave, or solar power should be considered.

*  When heating water, condensation causes tremendous problems with
tentage and camouflage netting. A system to vent steam out and away
from kitchen preparation areas should be developed.

* Research and testing to improve the Arctic T Ration, MRE, and RCW
should continue in order to increase troop acceptability.
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II

Discussion

ALLISON YATES: Is pouch bread consumed at high altitudes or in cold
weather?

RUSSELL SCHUMACHER: We never use it, but that does not mean we
would not if we had it. The reason is supply rather than lack of demand.
Crackers and some kind of bread are what the troops want at high altitudes.

ROBERT REYNOLDS: A quick question. You have given us the nutrition
profile of the T Ration; Meal, Ready-to-Eat [MRE]; Ration, Cold Weather; and
Long-Range Patrol Rations. This would be the intake if they consumed
everything in the ration. What percentage or what fraction of these rations is
actually consumed by the troops?

RUSSELL SCHUMACHER: The Marine Corps is the only Service
Branch that uses the Ration, Cold Weather to any extent. With all operational
rations, the first thing soldiers do is take the package and discard everything
they do not want; then they make smaller packages. Overall, I would say 75 to
80 percent is consumed.

But you only have two packages in the Ration, Cold Weather and that is it
for the whole day. So with the Ration, Cold Weather, more may be consumed,
but still no more than about 80 percent.
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ALLISON YATES: In our other workshop earlier this year, we had a
demonstration of the KCLFF [Kitchen Company Level Field Feeding
equipment] and the kitchen company. I understood that it would prepare more
than just T Rations; one could prepare A and B Rations as well. Do you have
access to the KCLFF?

THOMAS LANGE: They are trying to modify the KCLFF now so it has
the ability to prepare some limited A Rations. We do not utilize it to prepare A
or B Rations; it is strictly for T Rations. Soup and coffee would probably be the
closest we get to an A Ration.

ANDRE VALLERAND: I have a question for LTC King. I am interested
in the MRE heater. Could you give us more information about how much heat it
produces or maybe the temperature that it can achieve, how long it will work,
and its cost?

NANCY KING: It takes between 10 and 12 minutes to heat up an MRE
entree, to 140°F (60°C). Currently they are issuing two heaters per ration
because troops often want to thaw the ration first, if necessary, and use the
second heater to warm the food. I do not know the cost.

Since we have some extra heaters and COL Schumacher has some rations,
we can actually try one and you can see how it works.

RUSSELL SCHUMACHER: From practical experience, the heater should
be in every ration.

NANCY KING: The MRE-13 and subsequent versions will have a ration
heater included in each of meal pack.
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1111
THE COLD ENVIRONMENT

CHANGES IN PHYSIOLOGY AND NUTRIENT requirements due to the cold
environment are considered in Part III. The mechanisms to maintain core body
temperature and to reduce and restore heat loss during cold exposure are
collectively termed thermoregulation. Chapter 7 discusses physiological
thermoregulation, or the way in which dry heat loss is reduced through
vasomotor responses and replaced through metabolic responses, in relation to
physical performance. While involuntary shivering contributes to body-
temperature regulation, voluntary physical activity can do more to increase heat
production. Individual characteristics, such as body composition and physical
fitness, also contribute to the regulation of the rise and fall of body temperature.

Biological clocks control various physiological processes and often
conflict with military schedules. Chapter 8 explains the behavioral and
physiological responses that the body utilizes to manage these changes and
focuses on the physiological process of sleep and how it is disrupted by military
operations. To enhance physical and cognitive performance in extreme
environments, it may be possible to develop biological and pharmacological
agents that may alter circadian rhythms and other biological clocks.

As Chapter 9 explains, environmental extremes can cause disruption in
fluid balance, and dehydration is a possibility in cold environments as well as
hot environments. The most significant factors associated with dehydration
during cold exposure include cold-induced diuresis, respiratory water losses, the
metabolic cost of movement, and reduced fluid intake, with the most

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the
original typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be

retained, and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5197.html

nvironments: Applications for Military Personnel in Field Operations

126

the metabolic cost of movement, and reduced fluid intake, with the most
significant being the increased fluid loss associated with high metabolic work
rates. Dehydration negatively influences physical and cognitive performance
and thermoregulation, and increases possible susceptibility to injury.

Chapter 10 briefly summarizes some recent research on how skeletal
muscle fuels shivering. Understanding shivering can be useful in a survival
situation to enhance thermogenesis and delay the onset of life-threatening
hypothermia.

Chapters 11 and 12 focus on energy requirements in the cold. To
determine the optimal macronutrient ratio, several factors must be considered,
including the caloric density of fat as compared to carbohydrate or protein, the
enhancement of thermogenesis associated with the thermic effect of food, and
the preference for a particular nutrient in the diet. As an example of
environmental influence on appetite, cold exposure increases energy
expenditure which may stimulate appetite to allow an enhanced intake of
energy. The thermic effects of food, of cold, and of exercise are important
considerations in understanding appetite and weight maintenance in the cold.

Using the Military Recommended Dietary Allowances (MRDAs) as a
frame of reference, the influence of cold exposure on the need for vitamins and
minerals is reviewed in Chapter 13. There is little scientific justification for
supplementation above the MRDAs to cope with cold stress and exposure. In
Chapter 14, the possible effects of iron, copper, and zinc deficiencies on
thermoregulation are discussed. Major emphasis is placed on iron's role in
maintaining core body temperature, although the MRDA for iron appears to be
sufficient to prevent deficiency. For the most part, any short-term deficiency
that may occur during a military operation is not likely to lead to micronutrient
deprivation unless there is a preexisting reserve depletion.

Finally, this section on the cold environment concludes with a discussion
in Chapter 15 of the possibility of a drug-mediated delay of hypothermia during
cold exposure. The author is unable to verify the claims of a commercial sports
bar and its ability to delay hypothermia, but does find that ephedrine-xanthine
mixtures represent a safe agent to enhance cold tolerance in humans.
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7

Physiology of Cold Exposure

Andrew J. Young' Michael N. Sawka and Kent B. Pandolf

INTRODUCTION

Understanding and ameliorating the effects of cold is an important military
concern. Throughout history, there are many examples of the terrible effects
experienced by soldiers during military operations conducted during cold
weather. Over 90,000 U.S. Army and Army Air Force casualties during World
War II were attributable to cold injury. German Army cold-injury casualties
were at least as high. Another 10,000 casualties resulting from cold injury
occurred during the Korean War. Currently, cold injury prevention is an area of
major command emphasis for Army units operating in cold climates.

Humans tend to rely on behavioral thermoregulation to protect themselves
against the cold. That is, they wear clothing, remain in shelters, and use various
heat-generating devices. However, when behavioral strategies are inadequate to
defend body temperature homeostasis, physiological responses are elicited.
Besides protecting against cold effects and playing a role in the

I Andrew J. Young, Thermal Physiology and Medicine Division, Environmental
Physiology and Medicine Directorate, U.S. Army Research Institute of Environmental
Medicine, Natick, MA 01760-5007
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etiology of cold injuries, these physiological responses may alter the
metabolism of persons living and working in cold climates. This chapter
reviews the human physiological responses elicited by cold exposure and then
considers some factors accounting for differences in response among
individuals. The purpose is to provide a basis for considering how physiological
responses influence performance and nutritional requirements of soldiers
exposed to cold.

HUMAN HEAT BALANCE IN THE COLD

Biophysical Factors

Body temperature reflects the summated effects of internal heart
production and heat transfers between the body and ambient environment. The
heat balance equation describes the relationship:

S=M-(tW)+*E+R+C+ K [Wmi],

where M represents metabolic heat production, and ¥ represents energy
leaving (positive for concentric work) or entering (negative for eccentric work)
the body as external work.? Heat exchange between the body and environment
occurs via evaporation (F), radiation (R), convection (C), and conduction (K),
with W/m? being watts per square meter. The sum of these processes is heat
storage (S), which represents heat gain by the body if positive or heat loss from
the body if negative. The biophysics of human thermal balance is considered in
detail elsewhere (Santee and Gonzalez, 1988).

In humans exposed to environments colder than body temperature, heat
flows from the body core toward the environment, primarily via dry (i.e.,
conductive and convective) heat-loss mechanisms. Wind increases convective
heat loss from the body surface (Santee and Gonzalez, 1988), thus providing the
basis for the concept of wind chill (Siple and Passel, 1945). Because water has a
much higher thermal capacity than air, convective heat transfer is greater
(perhaps 70-fold) during immersion in water than in air of the same temperature
(Gonzalez, 1988). Clothing provides insulation between the body and the
environment, thus limiting convective and conductive heat loss, but wet
clothing provides considerably less insulation than dry. Thus, environmental
characteristics besides temperature influence the potential for heat loss and the
resulting physiological strain of defending body temperature.

2 During concentric work, the muscle shortens as it develops tension; during eccentric
work, the muscle lengthens as it develops tension.
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Humans have two general types of responses to cold. Vasomotor responses
reduce dry heat loss to the environment. Metabolic responses act to replace heat
lost to the environment.

Vasomotor Responses

Peripheral vasoconstriction is one important physiological response
exhibited by humans exposed to cold. Blood flow decreases as water
temperature becomes colder, as shown in Figure 7-1, which depicts blood flow
in the hand decreasing in response to immersion in water of decreasing
temperature. During whole-body cold exposure, the vasoconstrictor response is
not limited to the hands, but is widespread throughout the peripheral shell. The
decrease in peripheral blood flow reduces convective heat transfer between the
body's core and shell (skin, subcutaneous fat, and skeletal muscle) and increases
insulation. Heat is lost from the body surface faster than it is replaced. As a
result, whole-body cold exposure causes skin temperature over the entire body
surface to decline (Figure 7-2). Insulation begins to increase when skin
temperature falls below about 95°F (35°C), and becomes maximal
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FIGURE 7-1 Steady-state blood flow (mean + SE) to the hand of male Inuit
and caucasian control subjects during immersion of the hand in water of
various temperatures.

SOURCE: Adapted from data of Brown and Page (1952).
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when skin temperature is about 89°F (31°C) or less (Veicsteinas et al., 1982).
Thus, during cold exposure, central core temperature defense occurs at the
expense of a decline in skin temperature.
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FIGURE 7-2 Mean weighted skin temperature before and during a 90-min
resting cold-air exposure. Values are means + SE of measurements in seven
young caucasian men. *, Significant (P 8 0.01) difference between pre- and
postacclimation. SOURCE: Young et al. (1986), used with permission.

The reduction in blood flow and consequent fall in skin temperature
contribute to the etiology of cold injuries (Purdue and Hunt, 1986). The hands
and fingers are particularly susceptible to cold injury (Boswick et al., 1979) and
to a loss of manual dexterity due to cold-induced vasoconstriction (Gaydos,
1958). In these areas of the body, another vasomotor response to cold, cold-
induced vasodilation, modulates the effects of vasoconstriction. Figure 7-3
illustrates this response, first described by Lewis (1930), who termed the
response the hunting reaction. Periodic oscillations (rise and fall) of skin
temperature follow the initial decline in skin temperature during prolonged cold
exposure. These skin temperature oscillations are the result of transient
increases in blood flow to the cooled finger. Originally thought to be a local
effect of cooling (Burton and Edholm, 1955), recent evidence suggests the
hunting reaction may involve a centrally-mediated mechanism (Lindblad
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et al., 1990). A similar cold-induced vasodilation occurs in the forearm (Clarke
et al., 1957; Ducharme et al., 1991). This effect may reflect the operation of a
different physiological mechanism, since the forearm response appears to be the
result of vasodilation in muscle vasculature rather than in skin (Ducharme et al.,

1991).
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FIGURE 7-3 Finger skin temperature measurements from young and older
men immersing their hands in 39°F (4°C) water. SOURCE: Adapted from
Mathew et al. (1986).

Metabolic Responses

In addition to those mechanisms that limit heat loss, humans employ other
means to defend body temperature. Metabolic heat production can increase in
order to replace heat lost during cold exposure. Muscle is generally considered
the source of the increased metabolic heat production. Besides generating
external force, muscle contractions also result in the liberation of considerable
heat (approximately 70 percent of total energy expended). Thus, voluntary
physical activity during work or exercise increases metabolic heat production
(exercise in the cold will be considered later in the chapter). In the absence of
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an increase in voluntary muscle activity, shivering begins. Certain animals
respond to cold exposure with an increase in metabolic heat production by
noncontracting tissue, a process referred to as nonshivering thermogenesis
(LeBlanc et al., 1967). However, there is no clear evidence that humans share
this mechanism (Toner and McArdle, 1988).

Shivering is an involuntary pattern of repetitive, rhythmic muscle
contractions. Horvath (1981) referred to shivering as a "quasiexercising” state,
since the muscles contract but do no external work. Shivering may begin
immediately or within several minutes after the onset of cold exposure, usually
in torso muscles, followed by a spread to the limbs (Horvath, 1981). The
electromyographic measurement in individual shivering muscles can be
analyzed to quantify shivering activity (Muza et al., 1986). More commonly,
however, shivering thermogenesis is quantified by measuring the increase in
whole-body oxygen uptake (7F ;). By assuming that the respiratory exchange
ratio represents a nonprotein respiratory quotient, calculation of the thermal
equivalent (i.e., metabolic heat production) of the 3F ,, is possible (McArdle et
al., 1991).

The increased 7y ,, associated with the onset of shivering in the cold
requires an increased systemic oxygen transport. Cardiac output increases with
cold exposure. Figure 7-4 depicts this increase in terms of heart rate, stroke
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FIGURE 7-4 Resting heart rate, stroke volume, and cardiac output (mean +
SE) of seven young caucasian men before and during 90-min exposure to cold
air (41°F [5°C]). SOURCE: Muza et al. (1988), used with permission.

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/5197.html

nvironments: Applications for Military Personnel in Field Operations

PHYSIOLOGY OF COLD EXPOSURE 133

volume, and cardiac output for men resting in thermoneutral and cold air. The
cardiac output increases primarily because of an increase in stroke volume, with
little change in resting heart rate during cold exposure (Muza et al., 1988).

As shivering intensity increases and more muscles become involved, the iy
o2 Increases. For example, ir ., of young men resting in 41°F (5°C) air with a 1
m/s wind averaged 600 to 700 ml/min, which corresponded to about 15 percent
of their 77 ;, max (Young et al., 1986). Immersion in cold water can elicit even
more intense shivering, as reflected by higher 37 ,,. Inactive men immersed in
64°F (18°C) water exhibited 77, of about 1 liter/min, which corresponded to 25
to 30 percent of their iy ,, max (Young et al., 1989). Investigators have
attempted to define maximal shivering capacity in terms of 77 ,,. lampietro et al.
(1960) observed 77 ,, to be about 1,500 ml/min in inactive men exposed nude to
-1°F (-18°C) with a 4.5 m/s wind. The highest reported 37, during shivering in
cold water is 2.2 liter/min in 54°F (12°C) water (Golden et al., 1979)
corresponding to 46 percent 37 ,, max. Thus, shivering intensity varies with the
severity of cold stress.

Energy Substrate Utilization

Shivering, like all muscular activity, depends on an adequate supply of
substrate for the metabolic processes producing energy for the contractions.
Metabolic rate can increase two- to fivefold (Horvath, 1981; Toner and
McArdle, 1988; Young, 1990), depending on intensity of shivering, as
discussed above. This increase has nutritional implications for persons who live
and work in cold conditions. Persons adequately clothed or sheltered from the
environment do not shiver much, and thus nutritional requirements are not
significantly affected. Those who are not adequately protected from the cold by
clothing and shelter will shiver, and their nutritional energy requirements will
be greater than in warmer climates. While it is obvious that the increment in
nutritional energy requirement will be proportional to the duration and severity
of cold exposure, accurate predictions of individual requirements are difficult.

Attempts have been made to determine whether the increased metabolic
rate of shivering muscle causes preferential use of a particular substrate.
Vallerand and Jacobs (1989) used indirect calorimetry to quantify the relative
contribution of carbohydrate and fat metabolism to the total energy
requirements of inactive men shivering for 2 hours in cold air. In that study,
shivering metabolism increased to about 2.5 times the resting metabolic rate
measured in thermoneutral conditions (Vallerand and Jacobs, 1989). The
increased metabolism caused almost a sevenfold increase (588 percent) in
carbohydrate oxidation while fat oxidation rose less than twofold (63 percent)
compared to resting in thermoneutral conditions (Vallerand and Jacobs, 1989).
Further,
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carbohydrate and fat oxidation provided 18 percent and 59 percent respectively
of the total energy expenditure in the neutral condition compared to 51 percent
and 39 percent in the cold condition (Vallerand and Jacobs, 1989). These
findings indicate that both fat and carbohydrate metabolism sustain shivering,
but that carbohydrate is the dominant energy source.

Either blood glucose, muscle glycogen stores, or both may provide the
source of carbohydrate for shivering thermogenesis. The importance of
maintaining adequate blood glucose concentrations to sustain shivering activity
is clear. Young men exposed to cold air stopped shivering, and their metabolic
rate and core temperature declined when blood glucose concentration dropped
below 2.5 mmol/liter (Gale et al., 1981). However, intravenous glucose infusion
restored shivering in both an arterially occluded and an unoccluded leg (Gale et
al., 1981). This finding suggests that glucose exerts a centrally-mediated effect
on shivering; however, a role for blood glucose as a substrate for shivering
muscle is not precluded, particularly since cold exposure enhances insulin-
stimulated glucose uptake in peripheral tissues (Vallerand et al., 1988).

The importance of muscle glycogen for shivering thermogenesis remains
controversial. Young et al. (1989) attempted to determine whether shivering
depletes muscle glycogen stores and whether muscle glycogen depletion limits
shivering or compromises thermoregulation in the cold. Changes in muscle
glycogen concentration and core temperature were measured in eight young
men during 1 to 3 hours of immersion in 64°F (18°C) water preceded either by
3 days of heavy exercise and a low-carbohydrate diet or by 3 days of rest and a
high-carbohydrate diet. The exercise and low carbohydrate diet resulted in very
low preimmersion muscle glycogen levels, while rest and a high-carbohydrate
diet produced very high glycogen levels; blood glucose concentrations were not
significantly different between trials. Despite different preimmersion muscle
glycogen levels, there were no significant differences in metabolic rate or in the
fall in core temperature during immersion (Young et al., 1989). As shown in
Figure 7-5, no significant change in muscle glycogen levels occurred during
either trial immersion (Young et al., 1989). This result suggests that shivering
does not deplete muscle glycogen, perhaps because of availability of blood
glucose. Furthermore, muscle glycogen depletion does not compromise
metabolic heat production or core temperature defense during cold exposure.

Using a similar experimental design, also using eight young male subjects,
but with shorter immersions, Martineau and Jacobs (1989) arrived at a different
conclusion. Figure 7-5 compares their data with the findings of Young et al.
(1989). Martineau and Jacobs (1989) reported that muscle glycogen levels
decreased during a high-glycogen immersion trial but not during a low-
glycogen trial. Initial metabolic rate was significantly lower in the low muscle
glycogen trial, although eventually it achieved the level of the high-glycogen
trial. Furthermore, body temperature declined slightly faster during the low-
glycogen
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trial (34.5°F/h [1.5°C/h]) than during the high-glycogen trial (34.25°F [1.25°C/
h]) (Martineau and Jacobs, 1989). Martineau and Jacobs (1989) concluded that
muscle glycogen served as a substrate during shivering and that muscle
glycogen depletion impaired thermoregulation in the cold.
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FIGURE 7-5 Effect of 1- to 3-h immersion in 65°F (18°C) water on muscle
glycogen concentration. Dashed line represents line of identity (no change).
Individual data from trials in which initial glycogen levels were high
(triangles) or low (circles) are from Young et al. (1989). Mean + SE of subjects
studied at high (H), normal (N), and low (L) glycogen levels by Martineau and
Jacobs (1989) are also depicted for comparison. Both studies employed eight
young male subjects.

The discrepancies between the findings of the two studies are not readily
explained. The subjects studied by Martineau and Jacobs (1989) were extremely
lean compared to those studied by Young et al. (1989). However, the leaner
subjects did not shiver more intensely than the fatter subjects. In both studies,
metabolic rates were similar, corresponding to about 25 to 30 percent 77 ,, max.
Steady-state exercise at such a low intensity would not deplete muscle
glycogen. Furthermore, the fatter subjects in the study of Young et al. (1989)
were immersed and shivered longer (2 to 3 hours versus 1 hour), yet they did
not exhibit muscle glycogen depletion. Lastly, the changes in muscle glycogen
that Martineau and Jacobs (1989) observed during immersion (see Figure 7-5),
and the effect of low muscle glycogen on body cooling were small. Thus,
muscle glycogen is probably not an obligatory substrate for shivering, at least at
sea level. When alternate substrates, such as blood glucose, are available,
muscle glycogen can be spared or resynthesized at a rate equal to its use.
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At high altitudes, muscle glycogen may be an important substrate for
sustaining shivering in the cold. Ascent to high altitude decreases 77, max. A 77
o2 corresponding to 25 to 30 percent of 77, max at sea level would require 60 to
70 percent 7 ,, max at 5,000 m. Exercise at that intensity would significantly
deplete muscle glycogen, and muscle glycogenolysis during exercise is faster at
high altitude than at sea level (Young, 1990). Whether altitude affects muscle
glycogenolysis the same during shivering as during exercise remains to be
determined experimentally.

Effects of Exercise on Thermoregulation in the Cold

Voluntary physical activity can increase metabolic heat production more
than shivering. Whereas maximal shivering can elevate 77 ,, to about 2 liter/min,
exercise can increase 7 ,, to 5 liter/min or even higher. However, the effect of
exercise on thermal balance depends on a complex interaction among factors
related to exercise intensity, environmental conditions, and mode of activity.
While exercise increases metabolic heat production, it also facilitates heat loss
from the body by increasing blood flow to the skin and active muscles. This
flow enhances convective heat transfer from the central core to peripheral shell.
Thus, while metabolic heat production increases progressively as exercise
intensity increases, so too does heat loss due to increasing blood flow to muscle
and skin. Also, limb movement increases convective heat loss from the body
surface by disrupting the stationary boundary layer of air or water that develops
at the skin surface in a still environment.

The arms have a greater surface area-to-mass ratio and a thinner
subcutaneous fat layer than the legs (Toner and McArdle, 1988). Thus the
increased blood flow to the muscles and skin of the arms resulting from upper
body exercise has a greater effect on convective heat transfer than does that
which results from lower body exercise. In fact, Toner et al. (1984) observed
that heat loss is more pronounced and core temperature falls more during arm
exercise than during leg exercise at the same absolute metabolic rate. These
effects are magnified by the greater convective heat transfer coefficient of water
as compared to air. In cold air, metabolic heat production during exercise can be
high enough to compensate for increased heat loss and allow core temperature
to be maintained even when ambient temperature is extremely cold (Toner and
McArdle, 1988). In contrast, increased heat loss during exercise in cold water
can be so great that metabolic heat production, even during intense exercise, is
insufficient to defend core temperature (Toner and McArdle, 1988).

During submaximal exercise in the cold, 7 ,, can be higher than, or the
same as in temperate conditions, depending on the exercise intensity (Young,
1990). Figure 7-6 schematically depicts the effect of cold exposure on ir ,
during exercise over a range of submaximal intensities. At low intensities, 77,
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is higher in cold than in temperate conditions, since metabolic heat production
during low-intensity exercise is insufficient to maintain core and skin
temperatures high enough to prevent the afferent stimulus for shivering. Thus,
the increased %y ,, represents the added oxygen requirement for shivering
activity. As metabolic heat production rises with increasing exercise intensity,
the afferent stimulus for shivering declines, and at some point, exercise
metabolism is high enough to prevent shivering completely. At this intensity
and higher, 37 ,, during exercise is the same in cold and temperate conditions.
The exercise intensity at which metabolic heat production is sufficient to
prevent shivering will depend on the severity of cold stress. Furthermore, that
intensity will not necessarily be the same for all persons exposed to the same
cold stress, because of individual characteristics that will be discussed later.

AMBIENT CONDITIONS:
TEMPERATE

COLD = —

OXYGEN UPTAKE

—

POWER OUTPUT

FIGURE 7-6 Effect of cold on i ,, during steady-state exercise at different
intensities.

Cold exposure can reduce maximal oxygen uptake, but may not always do
so (Young, 1990). Exposure conditions must be severe enough to reduce core or
muscle temperature markedly (> 0.5°C [> 0.9°F]) before Vo,,., is reduced
(Bergh and Ekblom, 1979; Fortney and Senay, 1979; Horvath, 1981; McArdle
et al., 1976). Exposure to (cold) conditions that lower core temperature 0.5°C
(0.9°F) or less does not significantly reduce Vo, ., (Schmidt and Bruck, 1981).
Potential mechanisms explaining how cold exposure could reduce Vo,
include that a low body temperature may impair myocardial contractility (Bergh
and Ekblom, 1979) and limit maximal heart rate (Bergh and Ekblom, 1979;
Fortney and Senay, 1979; Horvath, 1981; McArdle et al., 1976) sufficiently to
limit maximal cardiac output.
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