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R E S E A R C H  A R T I C L E

It has been established that proper fluid balance is essential 
to maintain an optimal homeostasis and the organism’s 
function and survival. Dehydration is the result of a nega-

tive fluid balance in the organism and is common during exer-
cise, work, and/or exposure to high temperatures. Fluid loss of 
2% or more of bodyweight has a negative effect on physiological 
and cognitive performance, while a loss of more than 4%, which 
is considered severe dehydration, might harm physiological 
processes and functions, and with further deterioration may 
even lead to death. Several studies show that even mild dehy-
dration (loss of 1% of bodyweight) might critically hamper 
optimal cognitive performance.10,13,16

Specific cognitive functions that are harmed by dehydration 
are visual-spatial orientation and coordination, alertness,1,13 
short term memory, mathematical reasoning, psychomotor 
functions, and sustained attention.6 A study that investigated 
the effects of hydration on the cognitive function of 40 healthy 
pilots showed significant effects of low fluid intake on general 
flight performances and spatial cognitive tests. The changes in 
these parameters could have a critical effect on flight safety and 
might lead to aviation accidents, which are mostly (up to 91%) 
caused by human error.14

Certain populations are at a higher risk for voluntary dehy-
dration. Voluntary dehydration often occurs due to a lack of 
awareness of the required amount of fluid consumption, espe-
cially when not taking into consideration the amount and type 
of physical activity during the day.6,11,16 Therefore, voluntary 
dehydration is understandably common among athletes and 
military personnel.8,15,20 From our clinical experience, it is also 
very common among aircrew and, especially, among fighter jet 
pilots. It is mainly caused by concerns with the complexity of 
urination during flight and by a dense schedule during the day.
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 INTRODUCTION:  A loss of 1% or more of bodyweight due to dehydration has a negative effect on cognitive performance, which could 
critically affect flight safety. There is no mention in the literature concerning the amounts of military pilots’ fluid loss 
during flight. The aim of this study was to quantify fluid loss of pilots during military flight.

 METHODS:  There were 48 aviators (mean age 23.9) from the Israeli Air Force who participated in the study, which included 104 
training flights in various flight platforms. Bodyweight, urine specific gravity, and environmental heat strain were 
measured before and after each flight. Fluid loss was calculated as the weight differences before and after the flight. We 
used a univariate and one-way ANOVA to analyze the effect of different variables on the fluid loss.

 RESULTS:  The mean fluid loss rate was 462 ml · h21. The results varied among different aircraft platforms and depended on flight 
duration. Blackhawk pilots lost the highest amount of fluids per flight, albeit had longer flights (mean 108 min com-
pared to 35.5 in fighter jets). Jet fighter pilots had the highest rate of fluid loss per hour of flight (up to 692 ml, 
extrapolated).

 CONCLUSION:  Overall, at 11 flights (≈11%) aircrew completed their flight with a meaningful fluid loss. We conclude that military flights 
may be associated with significant amount of fluid loss among aircrew.
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The recommendations for aviators’ fluid intake during flight 
at the Israeli Air Force and other air forces around the world are 
approximations, and are based on studies that researched mili-
tary personnel and athlete populations.8,17,20 The main objec-
tives of this study were to measure the rate of insensible fluid 
loss of military pilots and to evaluate the risk of dehydration in 
standard training flights with the purpose of setting verified 
recommendations.

METHODS

We performed a prospective observational study during Febru-
ary through May of 2014. The study included 48 participants in 
the Israeli Air Force (IAF) flight academy and in instructional 
and operational squadrons. Squadrons included fixed-wing 
transport (Beechcraft Bonanza and King Air), lift-utility heli-
copters (Blackhawks), and fighter jets (Skyhawks and Falcon 
F16B). We excluded female aviators because of very low num-
bers of female aviators in the IAF and the potential effects of 
variations in hormonal and menstrual state on fluid balance.7 
We also excluded aviators who were taking any medication or 
were ill. Informed consent was obtained from all participants. 
The study was approved by the Israeli Defense Forces Medical 
Corps institutional review board.

All participants had a preflight urine dipstick for specific 
gravity (SG, measured visually by a Combur10-Test by Cobas; 
urine SG above 1.020 is considered dehydration) and a post uri-
nation bodyweight measurement (expressed in kilograms and 
rounded to the nearest 100 g) by electronic scales (by Beurer 
manufacturing, Golborne, UK) while wearing undergarments 
only. The aviators completed a questionnaire that included data 
regarding the planned flight, amount of sleeping hours the night 
before the flight, and whether they performed exercise in the 24 h 
preceding the flight. Height was obtained from medical records 
and BMI was calculated as weight in kilograms divided by the 
squared height in meters.

Flights were performed as part of regular squadron sched-
ules and were not designed by the investigators. Postflight data 
included weight measurements by the same electronic scales 
with only undergarments on, a urine dipstick for specific grav-
ity, and a completed questionnaire that included data concern-
ing food and fluid intake and urination during flight, as well as 
the actual flight details. Food and fluids that were taken by the 
aviators onboard the flight were weighted before and after the 
flight.

Environmental heat strain was measured on the ground 
using a weather pocket meter (Kestrel 1000 Wind meter, Min-
neapolis, MN) at each of the flights, and is expressed by a heat 
stress index. The fluid loss during flight was calculated as pre-
flight bodyweight plus fluid and food intake from which post-
flight bodyweight was subtracted. The results were further 
normalized per flight duration (in minutes). We considered a 
loss of 1% of bodyweight to be a meaningful fluid loss.

The statistical analyses were performed with SPSS v.22 (IBM, 
Armonk, NY). Statistical significance was defined as P , 0.05. 

Changes in fluid loss were assessed by a paired two-tailed t-test 
within subjects and a two-tailed univariate and a one-way 
ANOVA to analyze different variables’ effects (heat stress index, 
fluid intake, difference in SG value before and after the flight, 
physical activity, sleeping hours, BMI, and aircrew’s role in Sky-
hawk aircrafts). In order to define platform specific fluid loss, the 
calculation was performed separately for each aircraft type and 
the aviators’ role (pilots and navigators in Skyhawks). The statisti-
cal analysis used an ANOVA Univar test, which used the fixed 
wing transport group as a control. Initial SG value effect on fluid 
loss rate was analyzed by two-tailed Student’s t-test. Assuming 
that the true difference in fluid loss means will be 200 ml and the 
standard deviation 150 ml, we needed to study 25 fighter jet 
flights and 13 control (nonfighter jets) flights to be able to reject 
the null hypothesis with probability (power) 0.8. The Type I error 
probability was set at 0.05. Due to multiple analyses resulting in 
nonsignificance, we performed post hoc power calculation for 
mean fluid loss of fighter jet (Skyhawk and Falcon 16) compared 
to nonfighter aircrafts (Blackhawk and fixed wing transport) that 
yielded a power of 1-b 5 0.998 (a 5 5%).

RESULTS

There were 48 pilots and navigators who took part in the study: 
9 fixed wing transport pilots (Beechcraft Bonanza and King 
Air), 11 Blackhawk helicopter pilots, 6 Falcon F16B fighter jet 
pilots, and 16 pilots and 6 navigators from the flight academy 
(Skyhawk). Blackhawk and Skyhawk, unlike other aircrafts, are 
not air-conditioned. The mean age of the participants was 23.9 
(SD 3.8, range 20 to 41). Of the participants, 78.8% were under 
the age of 25. The mean (and standard deviation) of BMI, height 
(centimeters), and sleeping hours was 23.1 (6 SD 2.5), 179.5 
(6 7.5), and 6.78 (6 0.9), respectively.

The data was collected from 104 flights overall. There were 
16 participants who completed 1 flight, 9 participants who com-
pleted 2 flights, and 23 who completed 3 flights. Flight dura-
tions varied between different aircrafts and squadrons (range of 
20–180 min). The mean duration of flights in each aircraft plat-
form is shown in Table I.

We found that 58% of the flights crews were dehydrated as 
was measured by SG value before the flight. In most of the flights 
(59.6%, N 5 62), participants did not take fluids aboard the air-
craft and only 21% (N 5 16) of fighter jet flight pilots consumed 
fluids. The highest fluid consumption, at 11 flights (85%), was 
found among Blackhawk pilots at an average of 300 ml.

There were 11 aircrew who completed their flight with a 
meaningful fluid loss of more than 1% of bodyweight, among 
them 7 Blackhawk flights representing 41% of all flights in this 
platform (Table I). On average, participants lost 0.52% (range of 
0.41% in the F16 to 0.87% in the Blackhawk) of bodyweight 
during flight. The percentage of fluid loss from bodyweight 
is shown in Fig. 1. There was a meaningful difference between 
the observed variance within and between each flight plat-
form. Blackhawk flights lasted longer than the fighter jets’ flights 
(CI 5 95%, P , 0.001, observed power 5 1) and Blackhawk 
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pilots lost significantly more fluids per flight (CI 5 95%, P 5 
0.001, observed power 5 0.96).

Fluid loss was normalized to flight duration and the fluid 
loss rate per hour was calculated. The data is shown in Table I 
and the fluid loss percentage of bodyweight per hour is shown 
in Fig. 2. A high variance was observed among fighter jet flights. 
Fighter jet pilots and navigators had the highest fluid loss rate 
per hour, as demonstrated by the median of the fluid loss rate. 
All platforms, compared to the fixed wing transport group, lost 
significantly more fluids (CI 5 95%, fighter jets P , 0.001, 
observed power 5 1; and P 5 0.033, observed power 5 0.6 for 
Blackhawk pilots).

We examined whether or not fluid loss was affected by the 
aircrew’s role in the Skyhawk jet (pilot or navigator) by compar-
ing aircrew at the same age (22.9 yr old on average) who flew on 
the same days (not in the same flights). There was no significant 
correlation revealed between pilots’ fluid loss (0.76% of body-
weight) and navigators (0.73%). There was also no significant 
correlation between the specific gravity test before the flight 
and the fluid loss rate during the flight (CI 5 95%, P 5 0.34), 
nor a correlation between the difference in SG value before and 
after the flight and the fluid loss rate during the flight (CI 5 
95%, P 5 0.15).

There was no significant correlation revealed between the 
heat stress index to the overall pilot fluid loss percentage. A 
separate analysis of fighter aircrafts that are air-conditioned 
(Falcon 16B) and non-air-conditioned (Skyhawk) did not show 
any association between fluid loss rate and the air-conditioning 
system (CI 5 95%, Pearson correlation test P 5 0.1). Other 
variables that were also examined, such as BMI, physical activi-
ties, sleeping hours, age, and fluid intake during flight, did not 
show any significant association with fluid loss rate.

DISCUSSION

In the current study, we examined the rate of insensible fluid 
loss among military pilots and the risk of dehydrating during 

Fig. 1. percentage of bodyweight loss as an indication of fluid loss per flight.
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Fig. 2. percentage of bodyweight loss as an indication of fluid loss per hour.

training flights. The data was collected during 104 training 
flights of different flight platforms among 48 pilots and 
navigators.

In approximately 11% of flights, pilots were found to lose 
meaningful amounts of fluids of more than 1% of their body-
weight. The average overall fluid loss percentage of bodyweight 
was 0.52% per flight and the mean rate was 0.62% per hour. 
Dehydration has been previously found to be associated with 
poor cognitive performance—the greater the dehydration the 
worse cognitive performance.16 Lindseth showed in a study, 
using 40 male U.S. pilots (mean age 20.3), that performance of 
hydrated pilots in test flights was significantly better than that of 
pilots who were dehydrated, while using weight loss as a dehy-
dration measure.14

Fluid balance is very delicate and is affected by many factors 
such as fluid intake, fluid loss (by respiration and perspiration), 
exposure to heat strain, physical activity, etc. Hydration level is 
defined as the balance between consumed and lost water. Air-
crew personnel’s hydration levels might be affected by several 
environmental and ergonomic factors, which vary between 
flight platforms.

Voluntary dehydration is well known in certain popula-
tions. An investigation conducted by the IDF Institute of Mili-
tary Physiology found that soldiers who worked while being 
exposed to heat strain conditions with an unlimited water 
supply consumed only 50% of the fluid amount that was evap-
orated by sweat. This phenomenon is even greater (fluids con-
sumption is even less than 50%) when the water supply was 
scarce, or has a foul or salty taste.3 By measuring SG, we found 
that 58% of the aircrew in the study began their flight dehy-
drated, although it is important to note that SG is of limited 
accuracy in this regard.2,12,18 We posit that the main reasons 
for voluntary dehydration during flight are their tight sched-
ule and the uncomfortable urination method available to air-
crew (exceptions are aircrew personnel flying in fixed wing 
transport).21

The implications of dehydration in military flights are sub-
stantial. Heat strain and its physiological effects on cognitive 

performance were widely investigated. Flight crews encounter 
heat stress during preflight, engine start, taxiing out, and stand-
ing by for takeoff. Total ground time can be considerable, even 
to fighter crews.21 Additionally, the heat load inside the cockpit 
is higher than on the ground because of the reduced air velocity, 
greenhouse effect, personnel equipment, and increased radiant 
heat load produced by the electronic equipment in the aircraft 
and inner metabolic processes in the crew’s bodies.19,21 As we 
expected, we did not find an association between environmen-
tal heat stress and the pilots' fluid loss in platforms with or with-
out air-conditioning.

As we have shown, fighter pilots and navigators lost more 
fluids per hour than others. Even though some fighter jets 
are equipped with air-conditioning systems, conditions such as 
greater physiological stress caused by high levels of acceleration 
and the concomitant G loads (which necessitate intense muscle 
activation, among other things)5 and a prolonged waiting for 
takeoff, might increase the aircrew’s heat stress, especially on hot 
days. Beyond the cognitive impairment mentioned before, dehy-
dration might be critical for fighter jet pilots due to its influence 
on G tolerance. Baldini et al.4 showed in a study examining 10 
male fighter pilots that heat stress and the resultant dehydration 
have an important role in determining endurance to G load. 
Another study showed that the dehydration itself reduces G tol-
erance, as it was measured that during exposure to the same 
high-level G (7 G), endurance time decreased by nearly 50%.19

As was found in the observed fluid loss rate per flight only 
one fighter pilot ended his flight with a meaningful level of 
dehydration. This sole dehydration among the examined fighter 
jet aircrew might be explained by the short duration of trainee 
flights at the Flight Academy. Operational flight durations, 
however, vary between different squadrons and at times could 
last longer than 2 h. In these cases, fighter pilots are at a higher 
risk for dehydration. In the current study, most flights were 
dog-fights, which are usually of shorter duration, albeit very 
intense physiologically and physically. In longer, less intense 
flight scenarios, fluid loss might be different.

In contrast, fixed wing transport flights are the longest (145 
min), but the physiological burden upon the aircrews in those 
flights is of a lesser degree, and so is the fluid loss as it was mea-
sured in the current study. Moreover, fixed wing transports are 
equipped with toilets, enabling comfort in urination, resulting 
in a lower probability of voluntary preflight dehydration.

Helicopter pilots experienced more fluid loss than other plat-
forms: 41% of the pilots (7 of 17 flights pilots) finished their 
flights with meaningful fluid loss. The approximated time, as we 
calculated, to achieve a meaningful level of dehydration is just 
over 2 h (126 min), while the average helicopter flight duration, 
as we observed in the current study, was 108 min. Helicopters, 
especially lift utility helicopters like the UH-60 Blackhawk of the 
IAF, are designed with large transparent windshields, which 
enlarge the surface area of the helicopter and, as a result, a larger 
amount of solar radiation is trapped and amplified, thereby creat-
ing a greenhouse effect inside the cockpit. This phenomenon is 
greater with prolonged waiting on the ground (cockpit tempera-
ture can reach 60°C on hot days), or during low altitude flight, 
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and is worsened by lack of air conditioning.9 These reasons might 
explain the greater loss of fluids among helicopter pilots.

Urine SG is sometimes considered a marker for dehydra-
tion. However, we did not find any association between the 
amount of fluid loss and SG. This finding is supported by recent 
studies2,12 that also make the claim that SG assessment is not 
sensitive enough to notice slight losses of bodyweight, such as 
1%. In addition, we wanted to see if the initial SG level of an 
examined individual could predict, and thereby prevent, dehy-
dration, but did not find any association in this respect either. 
In the current study, we measured fluid loss rate by weight, 
which is considered the best method.

Flight design in the current study was induced by the instruc-
tional needs. We had no influence on the time of the day at which 
the tested flights took place, flight duration, taxiing out and wait-
ing for takeoff times, etc. In this way, we were able to conduct a 
real-world study in instructional settings. We found that in this 
context aircrew probably begin their flights dehydrated (58% by 
SG  1.020) and compounded their situation through fluid loss 
during flight, although we should bear in mind that SG is a ques-
tionable measure for dehydration. In operational settings, where 
the daily schedule is even more intense, voluntary dehydration 
might be even greater. Added to that the possibility of longer 
flights, sometimes with equal physiological demands, and the 
importance of rehydration during flight is even higher.

In conclusion, up until now, the recommendations of fluid 
intake amount during flight were approximations, partly based 
on fluid intake recommendations for moderate physical activ-
ity. This study, as far as we know, is the first one to accurately 
support recommendations of fluid consumption during mili-
tary flights. We posit that a substantiated fluid intake recom-
mendation will encourage fluid consumption among aviators 
and will prevent dehydration.

We found that the fluid loss rate during a training military 
flight is meaningful and might cause a danger to aircrew’s cog-
nitive function, morbidity, and mission safety. The greatest loss 
per hour was among fighter jet aircrew, but due to short dura-
tion of the flights, most of them did not achieve a meaningful 
fluid loss. Helicopter pilots lost less fluids per hour, but due to 
longer flight durations they lost the most fluid per flight. Flights 
spanning longer than an hour require additional fluid con-
sumption during the flight in order to prevent dehydration. 
These fluids should start to be consumed at the beginning of 
each flight. Further research is warranted on the cognitive 
change during flight and its association with fluid balance.
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