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SUMMARY

“This study examined the effects of military field operations (MFO)
under different environmental conditions on anaerobic performance, (ANP).
U. S. Marines were tested in the field under the following conditions: 1)
non-cold environment (NC; n=3C, 10 to 32° C), and 2) a cold/environment
(CO; n=32, -2 to -22°C). Subjects performed 30 sec Wingate tests (WIN),
2 min push-ups, and hand-grip strength pre- and immediately post-MFO to
assess ANP. The MFO consisted of ~4.5 days of combat training maneuvers
while carrying field equipment (packs and weapon, ~25 kg). WIN measures
obtainsd were absolute and relative mean power (MP), 5 sec peak power -
(PP), and fatigue index (Fl; % decline). Significant main effects (p<0.01)
were observed for time (pre-post MFO). Reductions occurred in absolute R
MP (651.8+30.3 to 616.4+28.5 W; X+SE) and PP (897.8+41.6 to 857.0+39.1 |
W); however, no effect on FI was seen. Significant interaction effects
(p<0.05) were observed in relative measures. Reductions (pre-post) in MP
(NC=8.64+0.16 to 8.37+0.14 W/kg; CO=8.91+0.26 to 8.04+0.15 W/kg) and PP
(NC=11.80+0.24 to 11.61+0.33 W/kg; CO=12.23+0.35 to 11.20+0.19 W/kg)

- were greater under CO than NC conditions. These changes were found
despite significant (p<0.05), but comparable, pre-post weight reductions
in both C and NC conditions. No changes were observed for the push-up or
hand-grip tests. Results of blood-urine profiles (pre- to post-MFO)
suggested tissue damage and substrate unavailability were contributors
. to decreases in MP and PP. The data suggest; 1) WIN performance is

reduced by participation in MFO, and 2) cold exposure augments these T 2’
responses when accounting for body weight changes. 0
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INTRODUCTION
Many reports have established the existerice of negative
physiological and psychnlogical effects developing in humans due to

prolonged cold weather exposure Q9,13,1_§,22).;, Dehydration, soft tissue

injuries, increased energy expenditurET/elevated fatigue, depression, and
impaired cognition are a few of the problems associated with exposure to
this environment. Furthermore, it is well estabiished that during
extended military field maneuvers extreme physical demands are placed
on personnel &3 .14). __The combined effects of an adverse environment and
high physical workloads can significantly degrade human performance.
This latter issue, decrement of human performance, is a key concern of
military biomedical researchers because of the potential impact to the
success of military operations {#). (J ) &

Recent research suggests many physical activities occurring during
military field maneuvers place a high dependency upon the anaerobic
energy system of the body (2,5,11). Furthermore, research indicates both
cold exposure or excessive physical activity can compromise the
functioning of the anaerobic energy system (7,9,23,25). The amount of
research examining the interactive effects of physical activity and the
environment on the anaerobic energy system is sparse (19,26). The intent
of this study was to expand this limited knowledge and evaluate anaerobic
based performance during military field operations (MFQ). This was
achieved by examining the effects of cold and non-cold MFOs upon
anaerobic power and muscular strength-endurance in U. S. Marines.
Additionally, select blood (serum enzymes and lactate) and urine measures
(ketones) were evaluated to assess the potential causative factors for any

performance changes observed.
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METHODS
Subjects: The subjects in thic study were 62 male U. S. Marines, aged 18
to 28. Their physical characteristics appear in Table 1. Prior to
participating, all subjects were briefed on the nature of the study, and
given voluntary written consent to act as human subjects.

TABLE 1. Physical Characteristics of the Subjects (X + SD)

Cold Non-cold

ition (n=32) (n=30)

Age (yr) 21.110.4 22.61+0.6

Height (cm) 175.74£0.9 178.641.7
Weight (kg)

Pre-MFO 76.2¢2.0 76.3+2.9

Post-MFO 75.1£2.0 74.642.7

Body Fat (%) 14.540.9 13.11£0.8

Testing Methodology: After subjects reported to the laboratory area,
height and body weight were taken (+0.5 cm and +0.05 kg, respectively).
All measures obtained were corrected for any clothing worn by the
subject. Neck and abdominal circumferences, and tricep, bicep.
subscapular, and supraillium skinfolds were taken to determine
percentage of body fat (8,15). Following this, a blood sample was
acquired by a venipuncture from a forearm vein. The blood sample was
aliowed to clot, centrifuged at 2000g x 10 min, and the separated sera

was aliquoted and stored at -20° C until later analysis. Serum was
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analyzed for lactate, creatine phosphokinase (CPK), lactate dehydrogenase
(LDH), and aspirate aminotransferase (AST) lavels. A urine specimen was
also collected and immediately analyzed for ketone concentration. No
active physical testing was performed prior to obtaining any of these
measures.

Anaerobic power was assessed by using a modified Wingate cycle
ergometer test (4,9). This test consisted of a 3 minute warm-up at ~30
W, followed by maximal pedal revolutions against a relative resistance
setting (0.095 x body weight [kg]) for 30 seconds. The test was followed
by a 3-4 min cool-down at ~30 W. During the test, pedal revolutions were
counted with a micro-switch mounted on the cycle ergometer (Monark
#818), and interfaced with a strip chart recorder. Measures obtained from
this test were; absolute 30 sec mean power (Watts [W]), relative 30 sec
mean powsr (W/kg bodyweight), absolute 5 sec peak power (W), relative 5
sec peak power (W/kg body weight), and fatigue index (% = last 5 second
power output/first 5 second power cutput x 100) (4). Subjects also
performed hand grip and push-up tests to assess muscular strength and
endurance. The hand grip test was performed on a military modified (rifle
grip) hand grip dynamometer (11). Each subject performed three maximal
trials with each hand. Responses were recorded in kilograms. Between
each hand grip trial, the subjects were allowed to rest appreximately 30
sec. The best effort for each hand was used in the statistical analysis.
Typically, a 45-60 minute rest period separated these trials from the
Wingate testing session. The push-up test was a two-minute trial in

which subjects attempted to perform as many push-ups as possible in

correct form (11). The total number of push-ups served as the measure of
this test.




Additionally, an exercise lactate response was assessed in each

subject during a submaximal cycle ergometer (Monark # 868) test.

Subjects were first allowed to rest approximately one hour from previous

tests. Each subject then completed a 2 minute warm-up (no resistance), .
followed by 30 W increases every minute until 240 W was reached. A .
tinger tip blood sample was taken at 210 W (minute 6-7), and analyzed for

lactate levels. This protocol was chosen to assess lactate based upon tha
recommendations of previous research (17,18).

The CPK, LDH, and AST assays were performed with colorimetric
procedures, while lactate was assessed via a YSI # 28 lactate analyzer.
Urinary ketones were assessed with Ames multi-stix reagent strips, and
concentrations assessed colorimetrically (12).

Environmental Conditions: Testing was conducted before (pre-test) and
immediately after (post-test) 96-120 h MFOs on four separate occasions
with different environmental conditions: 1) sea level, neutral
temperatures (n=14); 2) sea level, cold temperatures (n=16); 3) moderate
altitude, neutral temperatures (n=16); and 4) moderate altitude, cold
temperatures (n=16 [see Table 2 for MFO locations and environmental
conditions]). Each MFO consisted of marches, rock climbing, and infantry
combat maneuvers. During the operations, subjects carried packs, a
weapon, and wore clothing which collectively weighed 20-25 kg. During
the MFOs the subjects consumed military field rations (MREs) "ad libium,"

with their total daily caloric intake being approximately 3800 .
kilocaleries.
Field Procedures: The tests administered as well as the testing protocols *

remained constant throughout each study location. The pre-MFO session
tock place on the day (AM) of deployment. The post-MFO session was
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conducted immediately upon the subjects returning from the field as close

to the same time of day as the pre-MFO sossion as possible. For the
post-MFO session the subjects were prevented from eating or drinking
until the testing session was completed. Both testing sessions took place
while subjects were in the post-absorptive state (~4-7 hours). The
testing for the cold experimental trials were conducted in a sheitered
area which was climate controiled.




("0'W'S'N) 1018y Buiutel| eiepem ulelunoy = JLMIN

sJsAnauew SJBANaUBW
1equ oo 1equioo $08512,0%8 sieAnauew
pale|nwis peje|nwis Buiuies Jequod peje|nuwis
skep ¢ sAep G’y skep ¢ skep G'¢ :suoijesado
uciendioaid cu mous yb mous by ures Wby
Apno;o Ajued Apnoio Apnojo Ajued Apnojo Ajued
D02t - 0.5} ot - D.51- Do~ - Q.02 Oocm - 0.01
eleJepow p1oo ploo ejelapow :Jayleam
|oAD) ©3S |oA8] EB3S W 0062-0012 W 0062-00i¢ spnULY
vO ‘episueed) M ‘eledg vO ‘Wodebpug vO ‘dodebpug
uojejpued dwe) AoDopw wo4 OLMN JLMIN ‘uoljeae
joAaT eag |aAeT Bag apniny apnmny
jeJjnaN picD 91 I3pop ajeJapow
pie) jeJsinaN

pPajonpuos) 818M SieuL Sunsej Syl UOIYM 1B SUGHIPUOD [BJUSWUOIIAUT pue SUOHed0T 8iS ‘2 371GVl




Statistical Analysis: Statistical analyses revealed no significant effects
due to moderate altitude exposure on performance measures. Therefore,
subsequent discussion is directed toward the cold (CO; n=32), and non-cold
(NC; n=30) treatment comparison only. A 2 x 2 between-within ANOVA
was used to examine for environmental condition (CO vs NC) and time

(pre-post MFO) effects for all measures except urinary ketones.  Urinary

ketones were assessed with a non-parametric ANOVA. Post hoc
comparison of means (Fisher LSD and Ryan's) were used to determine main
or interaction effects where appropriate. Alpha levels were set at p<0.05.
RESULTS
Wingate FPerformance: All absolute and relative anaerobic power results
from the Wingate test are shown in Figures 1 and 2. MFO significantly
(p<0.01) reduced (pre-post, combined overall effects) absolute mean
(5.4%) and peak power (4.5%). Significant (p<0.05) decreases were also
observed for reiative mean and peak power pre-posi MFO. However, the
reductions in relative measures were greater under C conditions for mean
power (9.8%) and peak power {8.4%), as compared to NC mean and peak
power (3.1% and 1.6%, respectively). No significant effects were observed
for the fatigue index (pre-MFO = 54.2+1.9 vs 50.5+1.1, post-MFQO =
51.541.2 vs 48.7+1.8 for C and NC, respectively).
Muscular Performance: The results of the muscle strength tests are
reported in Table 3. No significant changes in left-right handgrip or
push-ups were observed due to environmental conditions, MFO, or their
interaction.
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FIGURE 1. Absolute mean and peak power changes from the Wingate test
pre- and post- the military field operations. An * indicates that a

significant change from pre-MFO levels has occurred.
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FIGURE 2. Relative mean and peak power changes from the Wingate test
pre- and post- the military field operations. An * indicates that a
significant change from pre-MFO levels has occurred.




TABLE 3. Push-up and Sit-up Results (X+SE)

Measure Condition Pre-MFO Post-MFO
Hand Grip (kg)
Left CO 42.448.2 41.846.9
NC 51.8+8.3 52.416.9
Right CO 44.6+6.0 43.746.0
NC 54.247.0 55.0+5.8
Push-up (nec/2 min)
CO 44 .2413.7 43.4410.1 .
NC 55.11+14.0 56.44+18.1

Blood and Urine Measures: Serum enzymes were significantly elevated due

to the MFO (see Figure 3); nowever, the increases were greater in the C
than NC for both CPK (156.5% vs -7.2%, respectively), and AST (43.4% vs
1.0%, respectively). The LDH levels of the subjects were significantly
higher (18.5% and 12.6%) after the MFOs in both the CO and NC.
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FIGURE 3. Resting serum enzyme results pre- and post- military field

operations. Top panel - aspartate aminotransferase (AST), middle panel -
creatine phosphokinase (CPK), bottom panel - lactate dehydrogenase {LDH).
An * indicates that a significant change from pre-MFO levels has occurred.
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Submaximal exercise before and after the MFO produced a significant
elevation in blood lactate levels (see Figure 4). However, there was a
significant (p<0.01) decrease in exercise lactate vaiues post-MFO at the
same absolute workload for both conditions (declines of 26.8% and 24.6% -
for CO and NC, respectively).

LACTATE
9 4 *
]

7 -
ol A w———fi——  PRENC
% 5 s POSTNGC

.......... Hreraneres ch
3 4 rmerrilfeeonen POST C

TIME

FIGURE 4. Blood lactate changes from rest to 240 W of exercise pre- and
post- the military field operations. An * indicates that a significant
change from pre-MFO exercise lactate levels has occurred.

Prior to the MFQ, only a few subjects showed positive traces of
urinary ketones in both the CO and NC condition. The MFO resulted in
increased ketone concentrations in the CO and NC (see Figure 5), however,
the increase was significant (p<0.01) only in the CO condition (1077+309%
vs 288+101% for CO and NC, respectively).
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FIGURE 5. Urinary ketone concentration changes post military field
operations. An * indicates that a significant between group difference

exist.

DISCUSSION

Anaerobic Power: Previous research would imply that cold exposure and
MFO should each separately produce significant anaerobic power
decrements in humans (10,14). In the present study, results from the
absolute measures suggest that a 96-120 h MFO is likely to produce
significant reductions in anaerobic power regardiess of environment.
Analyses of relative measures, however, indicate there is a interactive
effect between MFO and environmental conditions. That is, a MFO
conducted in cold weather promotes reductions in relative anaerobic
power greater than in a non-cold environment.

Physiologically, the reductions in mean and peak power observed

could have occurred for several reasons: 1) substrate inavailability (i.e.,
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decreased ATP-PC and/or glucose-glycogen levels), 2) enzymatic
impairment due to muscle tissue damage, 3) buffering insufficiancy,
and/or 4) dehydration. The first mechanism seems probable due to the
physical demands and evaluated metabolic cost of the MFO. Increased
physical workloads can severely compromise carbohydrate (CHO) stores in
the body (17,25). Additionally, the typical physiological adaptations to
prolonged cold exposure (e.g., shivering, catecholamine elevations) place
even greater demands on the body's available CHO (1,19). If CHO stores are
compromised, a state of enhanced fat metabolism can develop (10,25). In
the present study this possibility is supported by elevated resting urinary
ketones, especially in the CO environment, in the subjects after the MFO.
Additionally, submaximal exercise lactate levels were significantly lower
after the MFO in both conditions. This latter finding in light of the fact
that the subjects performed comparable workloads (pre-post MFO)
suggests a limited glucose/glycogen substrate availability (20).
Collectively, these metabolic data (ketones and lactate) imply a CHO
deficient state existed; that is, muscle glucose and glycogen levels
(anaerobic glycolysis substrate) may have been compromised, and this
effect seems more so in the cold environment.

Of importance to note is that our lactate changes may have been
influenced by the altitude aspect of our environmental conditions. West
has shown exercise lactate elevations are reduced at altitude for reasons
that are not entirely clear (24). However, in this study exactly

comparable altitude exposures occurred in the CO and NC conditions; and

the magnitude of the altitude effect on exercise lactate was nearly

identical. Thus, the influence of altitude on our results was balanced

across the experimental conditions.
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The second possibility proposed also seems a likely explanation for
the current results. The serum CPK and AST enzymes, markers of tissue
damage and disrupted cellular homeostasis, were elevated following the
MFO, especially in the cold in nearly all subjects (22). However, these
enzymatic measures are very general and indirect in nature, suggesting a
need for more direct measures (e.g., muscle tissue samples) would
confirm whether the damage encountered would directly impair anaerobic
metabolic pathways.

The third oossibiiity (buffering insufficiency), while a potential
mechanism, is not altogether supported by the present data. The Wingate
is only 30 seconds in duration, thereforae, evidence of buffering
insufficiency would be expected in the latter stages of the test (i.e.,
significant decreases in power output) (27). This was not the case as the
fatigue index results suggested no apparent change due to MFO or
environmental condition. Additicnally, the decreased ability to buffer H+
ions during short-term maximal work would be expected at the moderate
altitude trials (21). This was not the case, as no statistically significant
differences in anaerobic performarce were found due to moderate altitude
exposure.

The final mechanism, dehydration, has been proposed as a
detrimental factor to anaerobic performance (6). There is some debate as
to what percentage of body weight loss due to dehydration will affect
performance. Most reports suggest a 4-5% decrease in body weight is
necessary in order for dehydration to be considered a saiient factor in
performance (3,6,25). |f the weight lost by the subjects of the present
study was due entirely to dehydration, it would represent only -2% of
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their body weight, which would suggest the effects of dehydration on
decreased anaerobic power post MFO was minimal.

Interpreting the present data relative to the cold environmental
effects is difficult. The question remains as to whether the subjects -
were actually cold or only exposed to the cold. it is certain that the
present CO subjects lived (field tents) and worked in moderately severe
cold conditions during the MFO. Nevertheless, this does not necessarily
mean that they were cold due to precautionary measures (i.e., clothing,
activity, surroundings). Therefore, it is uncertain whether the observed
changes were a function of the physiological adaptations to the cold
environment, or the increased workload encountered in working in the
cold. The investigators observed there was a tremendous inefficiency in
the performance of daily tasks by the CO subjects in the snow. This was
compounded by a lack of skill in basic winter locomotor tasks, such as
skiing and snowshoeing, thereby increasing the metabolic demands and
energy requirements in the cold. Most likely, the increased workload and
adaptation acted synergistically to induce the eifects observed.
Muscular Strength and Endurance: These results were somewhat
unexpected and suggest there was a lack of a treatment effect, or an i
insensitivity in the measures chosen. The lack of a treatment effect does
not agree with existing research. Both cold exposure and extended
physical demands, such as encountered during MFO, have been shown to
compromise muscle function (7,10). However, high initial ievels of
physical fitness attenuate the degree of muscle function compromised
under such conditions (10,19). This may explain the current results since -
the subjects were in good physical condition at the onset of the study.

Whether our measures were sensitive enough to detect a change in muscle
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function is debatable The tests chosen are "gross" indicators of muscle
strength performance capacity; however, they are very applicable
performance tasks relative to what is expected of a U. S. Marine in the
field. Therefore, changes detected with these tests do have a face
validity relative to their sensitivity.

In Summary: The Wingate test results suggest that anaerobic power is
compromised after an MFO; however, the degree of reduction is augment in
a cold environment when power is expressed relative to body weight. The
changes in relative power output could not be attributable to differences
in body weight as weigh changes after MFO were comparable between CO
and NC conditions. Physiologically, the explanation for the reductions in
anaerobic performance observed is not fully clear. But, blood-urine
results suggest tissue damage, and substrate unavailability may be major
contributors to the effect. No significant changes in the muscular
strength-endurance measures suggest that neither the environmental
conditions or the MFO were highly taxing on the these physiological
parameters or that the subjects were well suited for the demands placed

upon them.
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