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ABSTRACT 

Flight-stress appraisal was made by means of a battery of urinary determinations 
(epinephrine, norepinephrine, 17-OHCS, urea, uric acid, phosphorus, magnesium, sodium, 
and potassiim) for flyers who participated in (a) 20-hour missions in C-130E aircraft 
(flights from New Zealand to Antarctica, and back), (b) 6-day missions in C-135B 
aircraft (earth-circling missions), or (c) 7-week missions in C-135B aircraft (over- 
frequent transoceanic and transcontinental flying). The adrenal medulla (as judged 
by urinary epinephrine) consistently showed flight-sensitivity, but other endocrine- 
metabolic functions varied in ways indicative of adaptation. With flight circumstances 
standardized (particularly with respect to time of day), flight effects tended to be 
reproducible. With crew rest limited to 2 days, recovery from flight-stress tended to 
be incomplete. Sleep deprivation and crew position were shown to be factors which 
modify flight-stress reactions. Eastbound and westbound earth-circling missions did 
not induce different degrees of flight-stress, as judged by these endocrine-metabolic 
indices. 

ill 



HDOCRINE-KETABOUC EFFECTS OF UNUSUALLY LONG Oft FREQUENT 

FLYING NISSIONS IN 0-13OE OR C-1358 AIRCRAFT 

I.   INTRODUCTION 

In studies (2, 4, 7, 8) conducted in the 
Physiology Branch of the USAF School of 
Aerospace Medicine, flight-stress assessment 
by means of a battery of urinary determina- 
tions has been shown to be feasible. This 
batt«ry provides information on sympatho- 
adrenal, adrenocortical, and metabolic activi- 
ties. At the request of Brigadier General 
Harold F. Funsch, Surgeon, Military Airlift 
Command, this method of flight-stress ap- 
praisal was utilized in four flying exercises in 
which the flying operations were either un- 
usually long or frequent, or both. This report 
presents the findings in these different studies. 

II.   METHODS 

One-day mission 

Urine specimens were collected from crew- 
members of C-130E aircraft shortly after com- 
pletion of flights from Christchurch, New Zea- 
land, to McMurdo Station. Antarctica, and back. 
Typically, these flights began between 1000 
and 1200 hours, and each leg of the flight lasted 
approximately 8 hours, with ground time at 
McMurdo Station amounting to 2 or 3 hours. 
Duty time on the days of these flights, includ- 
ing preflight time, usually amounted to 20 or 
more hours. These studies were run in No- 
vember and December in two successive years. 
In the fir at year, determinations were made 
only on pilots (aircraft commanders and co- 
pilots) ; in the second year, data were obtained 
for pilots, flight engineers, navigators, and 
loadmasters. There were 10 subjects in year I 
and 47 subjects in year II.   In year I, control 

determinations were made 7 to 10 days after 
the test flights, and there was little or no fly- 
ing in the intervening period. In year II, con- 
trol determinations were made 2 days after the 
flights. The time of day at which the control 
urine specimen was collected for each subject 
was the same as that for his postflight 
specimen. 

Six-day mission 

Urine specimens were collected from pilots 
(aircraft commanders, 1st pilots, and 2d pilots) 
of C-135B aircraft shortly after completion of 
eastbound or westbound earth-circling flying 
missions ("Embassy Runs"). The eastbound 
missions usually began at 2000 hours on a 
particular day of the week (Friday) and usu- 
ally ended at J500 hours on the following 
Thursday. Tota) flying time approximated 
44 hours, and total craw rest time approached 
96 hours. The westbound missions usually 
began at 1400 hour1- on Monday and usually 
ended at 2100 hours on the following Saturday. 
Total flying time approximated 48 hours, and 
total crew rest time approached 78 hours. 
Urine specimens were collected shortly after 
completion of each mission and again at the 
corresponding time 2 days later. 

The legs of the eastbound mission were as 
follows: (c) Travis AFB, Calif., to Charleston 
AFB, S.C. (flight time = 5 hours; ground 
time = 15 hours); (b) Charleston AFB to 
Tonejon AB, Spain (flight time = 8.3 hours; 
g-jund time = 23 hours); (c) Torrejon AB to 
Dhahran, Saudi Arabia (flight time = 6.5 
hours; ground time = 2 hours); (d) Dhahran 
to Karachi, Pakistan (flight time = 2.5 hours; 



ground time = 2 hours); (e) Karachi to New 
Delhi, India (flight time = 1.7 hours; ground 
time = 15 hours); (f) New Delhi to Bangkok, 
Thailand (flight time = 3.7 hours; ground 
time = 2 hours); (g) Bangkok to Saigon, 
South Vietnam (flight time = 1.5 hours; 
ground time = 2 hours); (h) Saigon to Clark 
AB, Philippine Islands (flight time = 2 hours; 
ground time = 19 hours); (i) Clark AB to 
Hickam AFB, Hawaii (flight time = 8.5 hours; 
ground time = 24 hours), and (j) Hickam 
AFB to Travis AFB, Calif, (flight time = 
4.5 hours). 

The legs of the westbound mission were as 
follows: (a) Travis AFB to Hickam AFB 
(flight time = 4.8 hours; ground time = 
15 hours); (b) Hickam AFB to Clark AB 
(flight time = 10.5 hours; ground time — 
24 hours); (c) Clark AB to Saigon (flight 
time = 2.2 hours; ground time = 2 hours); 
(d) Saigon to Bangkok (flight time = 
1.3 hours; ground time — 2 hours); (e) Bang- 
kok to New Delhi (flight time = 4 hours; 
ground time = 15 hours); (f) New Delhi to 
Karachi (flight time = 1.7 hours; ground 
time = 2 hours); (g) Karachi to Dhahran 
(flight time = 2.5 hours; ground time = 
2 hours); (h) Dhahran to Torrejon AB (flight 
time = 7 hours; ground time = 24 hours); 
(i) Torrejon AB to Charleston AFB (flight 
time — 8.6 hours; ground time = 2 hours); 
and (j) Charleston AFB to Travis AFB (flight 
time — 5.2 hours). 

Seven-week mission 

Commanders of C-135B aircraft were 
studied, by means of urinalysis, during an 
exercise of 7 weeks' duration which required 
unusually frequent flying over a circuit ex- 
tending from Japan to Spain. Urine specimens 
were coiiected shortly after completion of trans- 
atlantic flights or transpacific flights (aver- 
age duration = 10 hours). Representative 
subjects were studied in the early weeks of the 
exercise; others were studied in the later 
weeks; and still others were studied 7 to 
10 days after the end of the exercise. As an 
additional phase of the study, aircraft mainte- 
nance personnel were studied repeatedly during 

this same exercise, using urine specimens 
collected in the 1st, 3d, and 6th weeks of the 
exercise and 1 week after termination of the 
exercise, with time of day standardized at 
1600 hours. 

Analytical technics 

The urine specimens were collected into 
dilute HC1 and promptly frozen. At the com- 
pletion of each exercise, all urine specimens 
were shipped in the frozen state to the labora- 
tory, where they were analyzed for creatmine, 
uric acid, urea, phosphorus, potassium, and 
sodium (all measured by means of the Techni- 
con AutoAnalyzer), magnesium (11), tot?! 
17-hydroxycorticosteroids (10), and two cate- 
cholamines—norepinephrine, and epinephrine 
(1). As timed urine collections were imprac- 
tical under these circumstances, each urinary 
constituent has been expressed as a creatinine- 
based ratio, rather than as hourly excretion 
rate. Analysis of variance was the method 
employed in evaluating these data. 

III.   RESULTS 

One-day mission 

Statistical appraisal of the two sets of uri- 
nary data for the 10 flyt/s studied in the 
first year of the New Zealand-Antarctica fly- 
ing missions revealed significant variation for 
only five variables—namely, norepinephrine 
(P < .05), epinephrine (P < .01), the ratio of 
norepinephrine to epinephrine (P < .001), urea 
(P < .01), and the ratio of sodium to potassium 
(P < .025). Each of these variables, with the 
exception of the norepinephrine/epinephrine 
ratio (NE/E), indicated that physiologic ac- 
tivity was higher under flying conditions than 
under control (nonflying) conditions. The 
change in the NE/E ratio evidently indicates 
that flight had a differential effect on the two 
parts of the sympathoadrenal system. 

Eight of the subjects completed their 
flights in a nighttime period (0300 to 0600 
hours), while the remaining 2 subjects com- 
pleted theirs in the afternoon (at 1700 hours). 
Since most of the urinary variables und >r study 



ordinarily undergo circadian fluctuation, pool- 
ing of data obtained at such widely separated 
times of day is disadvantageous. Re-evalua- 
tion was therefore made with the group reduced 
to the 8 subjects whose flights ended in the 
nighttime period. Mean values for this group 
are presented in table I. There was signifi- 
cant variation for epinephrine (P < .025), the 
NE/E ratio (P < .005), 17-hydroxycorticoste- 
roids (17-OHCS) (P < .05), uric acid (P < 
.005), and urea (P <.05). For the purpose 
of assuring proper perspective, laboratory con- 
trol (baseline) data have been included in the 
table. These baselines were established in a 
study of 12 members of the laboratory staff, 
each man collecting one urine specimen per 
week over an entire year, with the time of day 
standardized at 0630 hours. 

The 8-man group of flyers, when studied 
under control conditions (normal nighttime 
sleep, without any flying activity in the pre- 
ceding  daytime  period),   had  near  baseline 

values for norepinephrine, epinephrine, and 
the NE/E ratio. These results, along with the 
finding that the postflighl norepinephrine and 
epinephrine values for the flyers were high 
relative to their own control values, permit the 
conclusion that flight had a stimulatory influ- 
ence on the sympathoadrenal system. There 
is also evidence that flight affected the two 
parts of this system unequally, as the post- 
flight norepinephrine value amounted to 159% 
of the group's own control value, while that for 
epinephrine was greater, amounting to 260%. 
The reduction in the NE/E ratio from the con- 
trol level of approximately 6:1 to the postflight 
level of approximately 3:1 obviously is a re- 
flection of this differential flight effect. The 
NE/E ratio, by combining the flight effects 
on the individual catecholamines into a single 
measure, becomes an unusually sensitive flight- 
stress index. 

Apart from the catecholamine indications, 
there was little evidence of flight-induced 
endocrine-metabolic    change,    the   postflight 

TABLE I 

Effects of nighttime C-180E flights 

Urinary variable* 
Year I Year II Laboratory 

Postflight (8)t Control (8) Postflight (18) Control (18) control (12) 

Norepinephrine, /ig. 3.62 2.27 3.64 4.30 2.64 

Epinephrine, ng. 1.09 0.42 0.94 1.20 0.51 

Ratio:    NE/E 3.4 5.8 4.4 4.2 5.4 

17-OHCS, ng. 211 424 190 198 121 

Uric acid, mg. 28 35 34 37 29 

Urea, mg. 1,218 998 1,223 1,166 1,158 

Phosphorus, mg. 48 43 46 54 60 

Magnesium, mEq. 0.40 0.44 0.34 0.45 0.49 

Potassium, mEq. 2.1 3.0 2.6 3.1 2.0 

Sodium, mEq. 7.4 6.2 7.5 8.1 7.9 

Ratio:   Na/K 3.8 2.2 3.0 3.1 4.3 

Volume, ml. 64 64 63 101 
,  

61 

'Except   where otherwiie  Indicate,  each   urinary   variable  is   a  creatinine-baaed ratio (quantity,, 100 mg. cr< atn.ine). 
(Number in parenthesm m number of subject«. 



values for 17-OHCS, uric acid, urea, magne- 
sium, potassium, sodium, Na/K, and urine 
volume all approaching the respective base- 
lines. Phosphorus was exceptional, falling 
considerably below its baseline. Under control 
conditions, the flyers again showed general 
agreement with the baselines; however, as ex- 
ceptions, 17-OHCS and uric acid values were 
relatively high, while the values for urea and 
the Na/K ratio were relatively low. This find- 
ing of relatively high 17-OHCS and uric acid 
excretion, along with the unusual Na/K ratio, 
under what was thought to be a stress -free cir- 
cumstance, raises questions regarding the 
worth of these data for control purposes. These 
three changes are common to all types of stress. 

Table I also includes data for 18 members 
of crews who flew New Zealand-Antarctica 
missions in the second year. These particular 
flyers completed their flights in the same 
nighttime period (0300 to 0600 hours) as the 
previously mentioned group, and they show 
close agreement in their postflight urinary 
values with the other group.   Evidently, with 

the flying circumstances essentially standard- 
ized, the physiologic responses were reproduc- 
ible. This intergroup agreement in postflight 
values is even more impressive when it is noted 
that, under control conditions, these groups 
show considerable disagreement. This latter 
disagreement appears to relp+e to the length 
of the crew rest periods. In year II, in which 
the period was only 2 days, the control values 
did not differ statistically from the postflight 
values, which indicates that flight effects were 
persistent. In year I, in which the intervals 
were as long as 10 days, there was significant 
variation between certain postflight and control 
values, as was mentioned earlier. The conclu- 
sion is that recovery involved slow reversal of 
certain of the flight-induced changes and pos 
sibly some overcorrection ("rebound"). 

Table II presents the individual data for the 
2 flyers in year I who completed' their Ant- 
arctic flight in the afternoon because of a 15- 
b .ar delay caused by bad weather. Laboratory 
control data have been added to assure proper 
perspective.   This laboratory group consisted 

TABLE II 

Effects of daytime C-1S0E flights 

Urinary vamb!«* 
Pilot A Pilot B Laboratory 

Postflight Control Postflight Control control 

Norepinephrine, j»g. 9.28 3.46 9.41 1.46 2.94 

Epinephrine, tig. 1.95 0.56 2.80 0.35 0.78 

Ratio:    NE/E 4.7 6.4 3.4 4.2 3.7 

17-OHCS, vg. 321 234 420 212 358 

Uric acid, tng. 40 37 64 20 40 

Urea, mg. 1,590 1,211 1,206 821 1,208 

Phosphorus, mg. 53 71 45 63 64 

Magnesium, mEq. 0.82 0.46 1.53 0.45 0.39 

Potassium, mEq. 2.7 1.7 2.9 1.9 4.8 

Sodium, mEq. 10.2 2.1 12.5 1.1 9.0 

Ratio:    Na/K 3.7 1.2 4.3 0.6 2.2 

Volume, ml. 227 90 125 34 81 

•Except   where o<herwme  indicated,  each   urinary   variable  is  a  creatinine-baaed ratio (quantity/100 mg. creatinine). 



of 26 staff members who were performing 
accustomed laboratory or office work. The 
time of urine collection agreed with that for 
the 2 flyers. These particular flyers show, in 
their excretion pattern, signs of flight-stress 
of very high degree. For example, their post- 
flight norepinephiine values amounted to 268% 
and 644% of their own control values, while 
their epinephrine values amounted to 354% and 
800%. Additionally, their postflight values 
for 17-OIICS, uric acid, urea, magnesium, po- 
tassium, sodium, Na/K, and urine volume were 
all high relative to their own control values, 
and their NE/E and phosphorus values were 
both relatively low. Under control conditions, 
both of these flyers had urinary values that 
approached those of the laboratory controls, 
and there is also some evidence of over- or 
undershooting. For example, epinephrine and 
17-OHCS values both fell below the respective 
baselines, while the NE/E ratio and phosphorus 
both overshot their respective baselines. 

Additional data for year II are presented in 
table III. The data have been organized to 
give a forenoon group (0700 to 1200 hours), 
an evening group (1800 to 2300 hours), and a 
night group (0300 to 0600 hours). The data 
for the latter group also appear in tables I and 
V, where they serve other purposes. The con- 
trol and postflight data for these different 
groups of flyers have been plotted against 
time of day in figure 1 in order to bring out 
the character of the time trends and to empha- 
size that most of the paired curves showed 
parallelism. The data for the laboratory con- 
trols have also been incorporated into curves 
which appear along with those for the flyers. 
There are cases of parallelism and also of non- 
parallelism between curves for the flyers and 
the nonflyers. 

The possibility that crew position was a 
factor contributing to flight-stress was also in- 
vestigated, using data obtained in year II. 
With all of the daytime and nighttime data 
pooled, some differences were found for crew 
positions (table IV). Analysis of variance 
established significant relationship to crew 
position for epinephrine (P < .05), the NEE 
ratio (P < .005), and the Na/K ratio (P < 
.05).   The pilots and flight engineers showed 

very close agreement .in their average epineph- 
rine excretion and in their urinary NE/E 
values; and in both respects, these particular 
groups were clearly differentiated from the 
navigators and loadmasters (and from the 
laboratory controls). In turn, there is near 
agreement in both respects with the results 
obtained for pilots in year I. The flight engi- 
neers are differentiated from all others by 
having a relatively low Na/K ratio. 

To determine whether the nighttime Ant- 
arctic flights were unusually stressful, com- 
parison was made (table V) with data for 
crewmembers of C-130E aircraft who, after a 
prolonged crew rest in Hawaii, flew by way of 
Pago Pago, Samoa, to Christchurch, New Zea- 
land, completing their flights at 0600 hours. 
Their postflight values tend to agree with 
those for the 18 whose flights from Antarctica 
to Christchurch also ended late at night. It is 
therefore concluded that the Antarctic flight 
was not unusually stressful. Of interest is the 
finding that the flight effects tended to be 
persistent in both groups. In both cases, the 
crew rest period was 2 days. 

Six-day mission 

Data for the pilots who flew the 6-day 
global missions are presented in table VI. Tech- 
nical difficulties prevented catecholamine de- 
terminations for these subjects. The til» s 
of day at which the missions were completed 
ranged from 1500 to 2300 hours. Flight direc- 
tion was one of the factors considered in the 
analysis of variance, but there was no evidence 
of physiologic difference between westbound 
and eastbound groups; so all data were pooled. 
Table VI presents mean values for 27 subjects 
(13 flew eastbound missions, and 14 flew west- 
bound missions). For 24 of these men, pre- 
liminary observations were made 1 day before 
the start of the mission, with time of day the 
same as the expected time of mission comple- 
tion. In most respects, the flyers' preflight and 
control values tended to agree, and in turn 
there was essential agreement with the labora- 
tory control values. The postflight and control 
values for the 27 flyers did not differ statisti- 
cally.   It is therefore concluded that the 6-day 
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FIGURE 1 

Urinary variablen in relation to time of day.   Filled circles represent laboratory controls; open circles repre- 
sent flyers.   Broken lines represent postflight determinations; unbroken lines represent nonflying circumstances. 

progressive movement across all of the earth's 
time zones did not disrupt circadian rhythms 
among these particular endocrine-metabolic 
functions. Also, flight-stress tolerance for the 
group as a whole seems to have been high. 

Seven-week mission 

Table VII presents mean values for the 
representative flyers who were studied during 
or after the 7-week flying exercise which re- 
quired overfrequent transcontinental and trans- 
oceanic flying. Technical difficulties prevented 
catecholamine determinations for some of these 
subjects.   Data obtained after transatlantic or 

transpacific flights were pooled, and compari- 
son was made with control data which were 
obtained from other flyers 1 week after termi- 
nation of the exercise. Significant variation 
was detected for only three of tne urinary 
variables—namHv, the NE/£ ratio (P < .001), 
potassium (P < .001), and the Na/K ratio 
(P < .001). The three NE/E values obtained 
during the experimental period were all low 
relative to that obtained in the recovery period, 
and the latter value exceeded slightly that for 
the laboratory control. These results are there- 
fore interpreted as indicating mild flight-stress 
during the experimental period, with over- 
correction ("rebound") in the recovery period. 
On the basis of norepinephrine and epinephrine 



TABLE IV 

Flight-stress in relation to crew position 

Y.»ar I Year II 
Laboratory 
control (38) Urinary variable* 

Pilots (10)t Pilots (18) 
Flight 

engineers (10) 
Navigators 

(12) 
Loadmasters 

(7) 

Norepinephrine, pg. 4.77 5.30 4.73 4.68 4.78 2.76 

Epinephrine, pg. 1.34 1.49 1.50 0.96 0.83 0.61 

Ratio:   NE/E 3.6 3.8 3.4 5.0 6.1 4.8 

17-OHCS, Mg. 243 274 291 269 285 251 

Uric acid, mg. 33 41 44 35 38 34 

Urea, mg. 1,254 1,257 1,281 1,277 1,288 1,191 

Phosphorus, mg. 43 45 52 39 50 52 

Magnesium, mEq. 0.55 0.43 0.28 0.34 0.32 0.45 

Potassium, mEq. 2.3 3.0 3.9 3.7 3.1 3.7 

Sodium, mEq. 8.2 9.5 8.2 11.5 8.1 8.7 

Ratio:    Na/K 3.8 3.4 2.2 3.4 3.0 3.2 

Volume, ml. 78 82 85 101 67 70 

'Except  where otherwise  indicated,  each   urinary  variable  is a  creatinine-based ratio <quantit,y/100 mg. cre&tinine). 
tNumher in parentheses is number of subjects. 

TABLE V 

Effects of nighttime C-130E flights over different routes 

Urinary variable* 
Antarctica-New Zealand Flight Hawaii-New Zealand Flight Laboratory 

Postflight (18)t Control (18) Postflight (7) Control (7) control (12) 

Norepinephrine, pg. 3.64 4.30 4.10 3.37 2.64 

Epinephrine, ?g. 0.94 1.20 1.29 0.90 0.51 

Ratio:   NE/E 4.4 4.2 3.4 4.5 5.4 

17-OHCS, Mg. 190 198 253 246 121 

Uric acid, mg. 34 37 41 27 29 

Urea, mg. 1,223 1,156 1,379 1,171 1,158 

Phosphorus, mg. 46 64 63 56 60 

Magnesium, mEq. 0.34 0.45 0.48 0.42 0.49 

Potassium, mEq. 2.6 3.1 28 2.3 2.0 

Sodium, mEq. 7.Ö 8.1 8.5 6.7 7.9 

Ratio:   Na/K 3.0 3.1 2.9 2.4 4.3 

Volume, ml. 63 101 71 73 51 

'Except where otherwise indicated, each urinary variable is a ereatinine-based ratio (quantity/100 mg. creatinine). 
tNumber in parentheses is number of subjects. 



values, it appears that low-grade sympatho- 
adrenal stimulation occurred during the experi- 
mental period; however, the number of subjects 
was small, and statistical support was not 
obtained. The catecholamine values in the 
recovery period are intermediate to the experi- 
mental and control values, which suggests in- 
complete reversal of flight-induced changes. 
Although the individual catecholamine find- 
ings, by themselves, are questionable since 
they lack stati°tical support, there is indirect 
support whicn comes from the NE/E ratio. 
Potassium excretion showed sustained depres- 
sion throughout the experimental period, with 
prompt reversal to the control level in the 
recovery period. In turn, the Na/K ratio 
showed sustained elevation throughout the ex- 
perimental period, with reversal in the recovery 
period. Progressive elevation during the ex- 
perimental period is evident for urea, phos- 
phorus, and magnesium; and each shows what 
appears to be partial reversal in the recovery 
period. Such trends might be expected in 
repetitive stress; however, since statistical sup- 
port was lacking in the present case, these 
trends are questionable. 

It had been hoped that each of the subjects 
studied during the experimental period would 
be available for study during the recovery 
period; but only 13 were so studied, and cate- 
cholamine data were not obtainable in these 
particular cases. The postflight and recovery 
data for this special group appear in table VIII. 
Certain of the above-mentioned trends (which 
were based upon data for different groups of 
subjects) were verified by use of this repeated- 
ly studied group of subjects. The flight- 
induced reduction in potassium excretion, along 
with the reversal in the recovery period, was 
clearly demonstrated by this group, as was the 
elevation (and later reversal) in the Na/K 
ratio. Urea and phosphorus levations were 
not demonstrable, but the magnesium eleva- 
tion appeared and had statistical support. 
Additionally, a statistically significant flight- 
induced rise in uric acid excretion was found. 
This was readily reversed. In the recovery 
period, this particular group of flyers showed 
close agreement with the laboratory control 
group in most respects.    Still, the 17-OHCS 

value tended to be high relative to the labora- 
tory control value which probably indicates 
incomplete reversal. 

Time of day was a factor in this study that 
could not be standardized. Table IX presents 
a time-based breakdown of the postflight data, 
a different group of subjects representing each 
quarter of the day. As organized, this table 
brings out effects of sleep deprivation. The 
afternoon data (1200 to 1800 hours) are con- 
sidered the basic ones, as they are not com- 
plicated by the antecedent factor of sleep 
deprivation. The data obtained in the evening 
(1800 to 2400 hours), at night (2400 to 0600 
hours), and in the forenoon (0600 to 1200 
hours) can be expected to be complicated to an 
increasingly greater extent by the factor of 
sleep deprivation. Figure 2 presents the data 
for the different groups of flyers in the form 
of composite curves, with time of day as the 
independent variable. The norepinephrine 
curves for the flyers and the controls show 
divergence, as do the epinephrine curves. When 
expressed as percent of the laboratory control 
values, the postflight norepinephrine values for 
afternoon, evening, night, and forenoon amount 
to 110%, 132%, 168ri, and 3017c respectively; 
while the tpinephrine values amount to 1237<, 
133r/, 267'/{, and 417^. While confirmatory 
studies will certainly be needed, as the present 
number of subjects is small, this gradation in 
postflight catecholamine excretion leads to the 
tentative conclusion that sympathoadrenal sen- 
sitivity to flight is increased by sleep depriva- 
tion. As additional evidence of this, the NE/E 
ratios for the flyers were essentially normal in 
the afternoon and evening, thereby indicating 
that flight effects on the two parts of the 
sympathoadrenal system were slight; but at 
night and in the forenoon, when sleep depriva- 
tion was an added factor, flight blocked the 
upward shift in the NE/E ratio that appears 
to be normal for these times of day. Flight 
also had a blocking action on the diurnal shift 
in 17-OHCS excretion, preventing the normal 
nighttime reduction (fig. 2). Phosphorus ex- 
cretion (fig. 2) for the flyers was essentially 
normal at all times of day except forenoon, at 
which time there was upward deviation. This 
latter difference possibly  can  be interpreted 



TABLE VI 

Six-day mission 

1500 to 2300 hours 1500 to 1900 hours 

Urinary variable* 
Preflight (24)t Postflight (27) Control (27) 

Laboratory control 
(26) 

17-OHCS, »g. 274 338 281 358 

Uric acid, mg. 43 43 43 40 

Urea, ng. 1,239 1,160 1,255 1,208 

Phosphorus, mg. 59 50 54 54 

Magnesium, mEq. 0.64 0.61 0.78 0.39 

Potassium, mEq. 4.2 3.6 4.2 4.8 

Sodium, mEq. 11.3 9.4 10.6 9.0 

Ratio:   Na/K 3.1 2.8 2.8 2.2 

Volume, ml. 87 78 121 81 

■Except where otherwise indicated, each urinary variable U a ereatinine-baied ratio (quantity/100 mg. creatinine). 

tNumber in parentheses is number of subjects. 

TABLE VII 

Seven-week mission 

Urinary variable* 
Experimental period Recovery period Laboratory 

Weeks 2-4 (16)t Week 5 (20) Weeks 6-7 (18) Week 1 (20) control (26) 

Norepinephrine, ng. [6J 3.31 [13] 4.58 [8] 3.81 3.61 3.94 

Epinephrine, ng. [6] 0.95 [13] 1.33 [8] 1.16 0.91 0.78 

Ratio;   NE/E [6]    3.7 [13]   3.4 [8]    3.2 5.5 3.7 

17-OHCS, pg. 380 365 364 383 368 

Uric acid, mg. 41 42 45 40 40 

Urea, mg. 1,186 1,484 1,704 1,231 1,208 

Phosphorus, mg. 30 54 65 50 54 

Magnesium, mEq. 0.40 0.54 0.70 0.53 0.39 

Potassium, mEq. 2.5 2.6 2.6 6.1 4.8 

Sodium, mEq. 10.1 11.6 9.8 10.8 9.0 

Ratio:   Na/K 4.4 5.1 4.3 2.0 2 2 

Volume, ml. 78 98 97 93 31 

•Except where othcrwiae Indicated, each urinary variable ia a creatinine-baaed ratio (quantity/100 mg. creatinine). When catechol- 
aaine data could not be obtained for aome of the member* of a group, the number of determination! appears in brackets at the left 
of the group value. 

tNumber in parentheses is number of subjects. 
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TABLE Vm 

Chronic flight-stress 

Urinary variable* Experimental period (13)t Recovery period (18) Laboratory control (38) 

17-OHCS, *. 402        [NS] 872 278 

Uric acid, mg. *2    [P < .005] 34 36 

Urea, mg. 1,268        [NS] 1,256 1,190 

Phosphorus, mg. 34        [NS] 43 51 

Magnesium, mGq. 0.80     [P < .05] 0.47 0.48 

Potassium, mEq. 2.4    [P < .006] 4.9 4.0 

Sodium, mEq. 12.1        [NS] 8.9 8.7 

Ratio:    Na/K 6.7    [P < .001] 1.8 2.9 

Volume, ml. 85        [NS] 67 70 

Except where otherwiae Indicated, each urinary variable ia a creatinlne-baaett  ratio   (quantity/100 
in bracket« represent findings in analysis of variance. 

tNumber in parentheaea ia number of subjects. 

creatinine).     Notations   given 

TABLE IX 

Time of day as a complicating factor in flight-stress appraisal 

Afternoon Evening Night Forenoon 

Urinary variable* Flyer« Controls Flyers Controls Flyers Controls Flyers Controls 
(23)t (26) (») (26) (9) (12) (10) (26) 

Norepinephrine, Mg. [13] 3.14 2.85 [5] 3.99 3.03 [3] 4.47 2.64 [4] 8.20 2.72 

Epinephrine, ng. [13] 0.91 0.74 [6] 1.09 0.82 [3] 1.36 0.61 [4] 2.50 0.60 

Ratio:   NE/E [13]   3.4 3.8 [5]   3.8 3.7 [3]   3.2 6.4 [4]   2.9 4.6 

17-OHCS, Mg. 370 390 366 326 365 121 389 439 

Uric acid, mg. 41 42 41 39 44 29 48 42 

Ures, mg. 1,498 1,179 1,808 1,237 1,171 1,158 1,494 1,211 

Phosphorus, mg. 42 47 53 60 56 60' 69 29 

Magnesium, mEq. 0.46 0.32 0.58 0.47 0.62 0.49 0.73 0.36 

Potassium, mEq. 2.6 5.2 2.4 4.5 2.7 2.0 2.9 6.2 

Sodium, mEq. 10.5 8.7 12.0 9.2 9.2 7.9 10.5 9.6 

Ratio:   Na/K 4.6 1.9 5.8 25 4.0 4.3 4.2 1.7 

Volume, ml. 78 71 136 90 103 61 96 87 

•Except where otherwiae indicated, each urinary variable ia a creatinine-based ratio (quantity/100 mg. ««attaint). When catechol- 
amine dati could not be obtained for some members of one of the groups, the number of determinations appears in brackets at the left 
of the group value. 

t Number in parentheaea ia number of subjects. 
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FIGURE 2 

Time of day at a complicating factor in flight-stress appraisal.   Filled circles represent laboratory controls; 
open circles represent postflight determinations. 

as evidence of a sensitizing action of sleep 
' ^privation. Magnesium curves (fig. 2) for 
the flyers and nonflyers also show divergence 
which is limited to the forenoon; this, too, can 
be considered evidence of increased sensitivity 
to flight induced by sleep deprivation. While 
flight effects are evident for K, Na, Na/K, 
urea, and urine volume (fig. 2), there is little 
to suggest that sleep deprivation was a con- 
tributory factor. 

Table X presents urinary data for aircraft 
mechanics. No evidence of stress was found. 
In table XI, comparison is made of afternoon 
values for C-135B commanders, aircraft me- 
chanics, and laboratory staff members.   Each 

12 

value for the mechanics is the average o* the 
three values obtained during the experimental 
period. In most respects, there is near agree- 
ment between comparable values for the me- 
chanics and the laboratory staff members, but 
the flyers outrank both groups of nonflyers on 
the basis of norepinephrine, epinephrine, urea, 
magnesium, and Na/K values. Their low po- 
tassium value also differentiates them from 
the nonflyers. These data suggest that the 
physiologic "cost" of flying exceeds slightly 
the "costs" in these other occupations. 

IV.   DISCUSSION 

Schreuder (12), in a recent review of the 
literature on medical aspects of flight fatigue 



TABLE X 

Urinary data for aircraft maintenance personnel 

Urinary variable* 
Experimental period Control period 

(22) 
Laboratory 

Week 1 (22)f Week 8 (22) Week 6 (22) control (26) 

Norepinephrine, ?g. 2.29 2.88 2.53 2.03 2.86 

Epinephrine, ng. 0.68 0.89 0.70 0.69 0.74 

Ratio:    NE/E 8.6 8.5 4.0 8.7 8.8 

17-OHCS, fig. 884 832 274 836 890 

Uric acid, rag. 85 88 86 82 42 

Urea, mg. 1,182 1,184 1,043 1,198 1,179 

Phosphorus, mg. 51 53 50 57 47 

Magnesium, mEq. 0.27 0.34 0.40 0.37 0.82 

Potassium, mEq. 4.8 4.8 4.4 4.9 6.2 

Sodium, mEq. 12.3 11.1 10.2 11.8 8.7 

Ratio:   Na/K 2.8 2.6 2.5 2.6 1.9 

Volume, ml. 70 81 68 79 71 

'Except where otherwise indicated, each  urinary variable ■• a ereatinine-based  ratio  (quantity/100 m«.  creatinine). 

f Number In partnthem it number of subjects. 

TABLE 

Comparison of flyers and nonflyers (afternoon data) 

Urinary variable* Flying personnel 
(postflight) (23)f 

Aircraft 
maintenance 

personnel (22) 

Laboratory 
personnel (26) 

Norepinephrine, Mg. [13] 3.14 2.56 2.86 

Epinephrine, ng. [13] 0.91 0.82 0.74 

Ratio:   NE/E [13]    3.4 3.7 3.8 

17-OHCS, ng. 870 313 390 

Uric acid, mg. 41 36 42 

Urea, mg. 1,498 1,140 1,179 

Phosphorus, mg. 42 51 47 

Magnesium, mEq. 0.46 0.34 0.32 

Potassium, mEq. 2.6 4.7 5.2 

Sodium, mEq. 10.6 11.2 8.7 

Ratio:   Na/K 4.6 2.6 1.9 

Volume, ml. 78 73 71 

'Except where otherwise indicated, each urinary variable Is a creatinine-baeed ratio (auantlty/100 mi. 
creatinine). When catecholamine data could not be obtained for some of the members of a froup, 
the number of determinations appears in brackets at the left of the croup value. 

tNumber in parentheses is number of subjects. 

13 



and stress, discussed at length the applicability 
of the General Adaptation Syndrome con- 
cept (13) and emphasized the need for addi- 
tional studies of endocrine-metabolic responses 
to flight. The USAF School of Aerospace 
Medicine has had a long-standing interest in 
the phenomenon of flight-stress and its quanti- 
fication and has participated in a series of 
flight studies (2-5, 7, 8), the purpose of which 
was to ascertain, under a wide variety of cir- 
cumstances, the relative importance of factors 
that are currently thought to contribute either 
directly or indirectly to the endocrine-metabolic 
reactions. The present studies add to the 
variety of the flying circumstances and provide 
additional information on time and intensity 
relationships. 

Certain of the present findings merit addi- 
tional comment. Particularly important is the 
finding that the flight effects tended to be few 
in number and low in magnitude. As a con- 
trast, pilots who flew transoceanic flights in 
single-place aircraft (F-100 or F-104) showed 
numerous flight-related changes, and the mag- 
nitude of each change was relatively high (8). 
The present results suggest either that these 
particular flyers were physiologically resistant 
to flight factors or that these flying circum- 
stances were not very stressful. While there 
were individuals who showed responses of large 
magnitude, the aggregate response in each case 
suggested only low-grade stress. The sym- 
pathoadrenal responses to flight appeared con- 
sistently, but adrenocortical and metabolic 
responses were not regular in occurrence, nor 
were they of large magnitude when they were 
seen. This finding of low sensitivity to flight 
among the latter functions probably indicates 
a state of adaptation in these flyers. It is well 
known that Stressors, when first acting on an 
individual, induce widespread endocrine-meta- 
bolic disturbance, and the magnitudes of the 
adrenocortical and metabolic responses then 
tend to be relatively large. When there are 
repeated encounters with a given stressor, the 
magnitudes of these responses diminish gradu- 
ally, and only by increasing stressor intensity 
or by adding secondary factors is it again pos- 
sible to elicit responses of large magnitude at 
these particular levels of function. The find- 
ing that the secondary factors of crew position 

and sleep deprivation can act as sensitizers is 
noteworthy. Also noteworthy is the finding 
that, with flight circumstances standardized, or 
essentially so, different groups show similar 
reactions. With further study, and with some 
refinement of technic, it may be possible to 
establish, on an individual basis, flight-stress 
tolerance ratings. The desirability and use- 
fulness of stress-tolerance ratings remain to be 
settled It would also seem worthwhile to as- 
certain the rate at which flight-stress tolerance 
can be developed or lost and to devise means 
for either accelerating or augmenting gains in 
tolerance. 

Also of interest is the finding that 
endocrine-metabolic effects of flight at times 
are not readily reversible. This finding may 
have practical value, for it shows that control 
ata for flyers often may be faulty because of 

inadequate attention to antecedent circum- 
stances. Additional research is needed in order 
to ascertain the recovery rates under a variety 
of flying circumstances, with emphasis on the 
influence of various factors (acting singly, or 
in combination) such as crew position, age, 
amount of flying experience, flight frequency 
and duration, type of aircraft, and unusual 
events. 

The matter of sleep deprivation and the 
possibility that it acts as a sensitizing agent 
toward flight-stress deserves brief comment. 
Hasselman et al. (6) found unusually high 
daytime excretion of catecholamines in normal 
men after a sleepless night; and sleep depriva- 
tion was also shown to be a factor capable of 
altering the sympathoadrenal response to a 
second factor of an entirely different nature, 
that of high ambient temperature. In contrast 
to this, sleep deprivation seems to reduce 
adrenocortical responsiveness. Murawski and 
Crabbe" (9) demonstrated slightly subnormal 
daytime 17-OHCS excretion in human subjects 
after sleep loss, and there were associated 
changes in amplitude and shape of the diurnal 
curve for plasma 17-OHCS. The present fore- 
noon 17-OHCS data for 17 sleep-deprived flyers 
of C-130E aircraft (table III) also suggest mild 
adrenocortical depression (the postflight and 
control values were 382 and 472 ng., respec- 
tively).   Similarly, the forenoon 17-OHCS data 
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for the 10 sleep-deprived flyers of C-135B air- 
craft (table IX) indicate depression ( the post- 
flight and control values were 389 and 439 pg., 
respectively). As a contrasting finding, 
Kramer et al. (7) reported a statistically sig- 
nificant increase in 17-OHCS excretion for 
crewmembers of F-4C aircraft who flew 18- 
hour missions which started in the evening 
(2300 hours). As a further contrast, the F-4C 
flyers showed no signs of sympathoadrenal 
stimulation. Prophylactic measures employed 
by these particular flyers evidently offset 
endocrine-metabolic effects of sleep depriva- 
tion. These men used secobarbital 12 hours 
before the start of the flight in order to obtain 
sleep in advance, and they used dextroamphet- 
amine at various times during the flight to 
prevent performance decrement. 

The low potassium excretion observed in 
the 7-week study is a finding of importance. 
According to Selye (13), hyperkaluria and 
hypokaluria typify the alarm reaction and the 
stage of resistance, respectively. With hypo- 
kaluria as the criterion, we conclude that the 

C-135B flyers, as a group, reached the stage of 
resistance at an early time in the experimental 
period. Although the flight-induced hypo- 
kaluria is not currently explainable, it appears 
to represent catecholamine-corticosteroid inter- 
play. While this is only speculation, it is 
founded on well-known endocrine actions. 
Smythe et al. (14) showed that catecholamines 
depress the urinary excretion of potassium in 
normal human subjects, doing so by augment- 
ing renal tubular reabsorption. It is well 
known that 17-OHCS have the opposite effect 
on potassium excretion (13). Relatively nor- 
mal 17-OHCS excretion was demonstrated for 
the C-135B flyers; but there was significant 
variation in the NE/E ratio, and the separate 
catecholamines on the average exceeded labora- 
tory control levels. It therefore seems likely 
that the low potassium excretion relates to the 
flight-induced sympathoadrenal stimulation. 
Without a concomitant change in adrenocorti- 
cal activity, the sympathoadrenal system ap- 
parently becomes the primary mechanism of 
control for potassium excretion. Further in- 
vestigation is needed to settle this question. 
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