
ORIGINAL 

the 

22161. 

Prepared r.o:::-

G:fice oZ ;.~via:i.on :-!eGi:::ine 
~astington, D.C. 20591 



7his 
. . . 

c: 1 s;::; ::-:::_.:.. n .:::;.-: cc is ur:der the or th2 

interest o{ 
. " . 1n ::or::la t La!: 



Technical l<cport Documentation Page 

L Repo•t No. 

4. Tit!~ ar.c Subt<tl~ I 5. Repo<T Dot~ 
I 

THREE REPORTS REL£l.}.Al\T TO STi~SS 1:\ AVIATIO;\ PERSO:·E'i£L 
) 6. Perform•l1g Orgonizot.o'1 Code 

L--=---:------cc------c~,...----1 
..,.---,--,-,---------------------------------118. Ped:;.rM•ng OrgonitatiOr1 Report No. 

7. Au·horl s) 

E. Latf:!gvla, and C. E. }1clton 

FA:'~ Civil .At::r;Jnedic.:!l !.n.st.itu::c 
P. 0. Sox 2)082 
Oklahowa Cit.y, Ckla.hor.ta 7313J 

12. $por.so~.ng A;;ency Na,,.. ond .t.J.::i•es~ 

·2£:ice of ;,.viati.on :-~2dicin::: 

F'.:::dcL2~ :l.viation ).J::1inistr.:::.tion 
o·oo InCcp-enJer.::-2 _.\\!.,:-::lUt, 

1 ~~~ashin ton D.C. 20591 

110. We•"' u,,, Nc.. -TRAIS) 

111. CoO'•oo• o· G•oo• No. 

ponsorong Age"cy ode 

I 

\·Jork \~·as ?er-::vrr.:ed under approved Ta::;k.s ~i-C-76-PHY-82, _.;_;,1-A- 76-PEY-79, and 
A)~-A-76-?HY-86 ~ 

16. Ab~~rce in clevclor·'·'-'~t of the n-..riation stress prcrocol siuulation (ASPS), the fol 
Lm..::.>:g c .... ;r-.cll:sior:s \~·ere rc.::J.ch.._'ci: (I) In cxper-iv;e-::.ts using ~he AS?~, carJiovascular 
testing >:ill be con,lucted in p3r31ld, b'Jt $Cparotdy; (::'):;-he tiOJc of exposure ro 
2-lt.ituJe \·;ill be lini;:,-::c! ~o 2 L; anU (3) :·:e;:;surcr:t<.::tts s::ch as vi.su.:J.l 3.CCo:,l";":10clatiiJ0 1 

intc:-n-9~ body t<-:~:.p.:.;r~h:ure:, blood glucusC', bloud chu~ or alcolwl lev-21, and others 
tvil~ be included in the ;tSP.S o~ly lJhcn atJpropri<J:tt'. I 
Cardiovascu:ar and p...:lronan; paramo?ters \.Jf'rC assessed under si<:1ulated +Gz and exer­
cise condi.tions L;-. ;orill.al nal~s ~fter exposure to the ASPS. Sane po.raneters 'h'ere II 

displaced ::o a ~t2tistically significar:.t de~rce, but. such displacer:Jents are of douOt­
.t>Jl physi.o1ogicaL sigr.iiicance becauso::: of ~he unav0i<2aOle tir::e lopse bet\veen alti.tude! 
ex?osure. and asseSS:'<ent~ Tnese pre! ini.nary expe'!"'i:cer:.ts served to demonstrate that 
Deaningfu} physiologic~! assPssoents c~n only b2 ~adc during exposure to the alti­
tudes speci.:ied in t~e AS?S. 

Ihir-ty-si.x ccntrvller subjt:?cts fro::: pr~"'-:.:ious str~ss studies :~·ere identified tvho sub­
seqv.er.tiy suffered oedical co~ditions severe E>not..:gh co require 'l.vaivcr or re~irenent~ 
T"iese subjects' st!:'ess indices were comp3.red 'l.vith those of s:Jbjects who bad P..O known 
pathclogy to see if a~y o: th~ stress indicators were predictive of pathological 
conditions. Tfle data shm ... ~ed that control1crs \:Tho developed gastrointestinal pathcl­
ogy had signif:cantly (p < O.Gl) higher est than did th::ir norna1 cou:1terparts. At 

:tiarai ARTCC, c ... H2S signi£ica:1!:iy elevated (p < 0.05) in the c.:trdiov<lscul.o.r group. 
nt, 

17. K~yWo·cis }.via::io:1 Stress Prot()col--
!c: 1-., 1 ;::~ .... .; n ~1..ero::1ectical Ce:rci:icatioi1, !._.._,,.L __ ,__o,_, 

\..:- !"O;:)ed ica l St .::m.-:a~ds, Card i.ovasc:u 1 ar 
!Function, Physiological :•Ionitoring, 
]Biocbe::lical :ronito:rt.ng, Stres-s, and Air 

18. D,stnbut>on St.:.t~..,ern 

' 

~
~cu~en~ is avail.:1'ble to the public t'trough 
11e :·:at~, .. ma1 Te-::hnical I::1fo~.:1tion Servi.::e, 
pring~ield, Virginia 22161 

' I ~raffic Cantrelle~. 
I 19. Security C1oss•f. (of •h<s report) 

' 

20. S~curity Closs• f. (of th•s page\ 21. No. of Pages 22. Price· 

rLJ_n_c_l __ a_s_s_l_._£_i_e_d-c~c------------------L---V-'n_c __ l_a_s_s __ i_f_i_c_d __________________ _l ______ 3_4_· _______ L_ ___________ .----J 

Form DOT F 1700.7 !B-72l Reproduction of completed page authoriz~d 

• 
I 



DEVELOPNEH OF THE AVIATIO;,J STRESS PROTOCOL--SU!ULATIOCl 
A:-;D PEI:.FOn2!..'\.:\CE, PEYSIOLOGICAL, AND 

BIOCHE;HCAL o!otilTORING SYSTEl!S: PEASE I 

I. Introduction. 

The Federal Air Surgeon, in his FY-75 Call for Estimates, 
said, "I have determined that the highest priority "ill be 
research in support of medical certification and medical stand­
ards development." In response to this priority statement, 
the Aviation Physiology Laboratory began to design a broad 
research progran to provide clinical aviation medicine with 
information needed for medical certification decisions and 
for developing and revising ~edical standards. 

The Aviation Stress Protocol--Simulation (ASPS) focuses 
O!l the fact that: any assessment of fitness in pilots and air 
traffic controllers must take into account their potential for 
impaired perforr.1ance. i~ot only 2ust they perform their routine 
tasks at optin<al levels for prolonged periods of time, but 
these persons nust also retain the capacity to ~espond to 
task overloads in ~mergency situations. For pilots, there 
nust be a normal tolerance to flight environmental stressors, 
particularly to t~e range of altitudes where general aviation 
pilots can fly tvithout their requiring supplemental oxygen. 

Because pe:::-fornance 'tvas an important consideration, per­
f,)rnance raeas0rer.12:1.ts were nade using the Civil Aeromedical 
Institute (CA:H) l-!ultiple Task Performance Battery (MTPil) (l). 

II. Experimen~ Design. 

~ealthy, male, paid volunteers (aged 21 to 28 years) 
served as test subjects. Intervie'tvs and physical examinations 
were conducted for all prospective subjects prier to selection. 
Aft.er seiection, subjects tvere trained on the HTPB equipment 
and the vision testing equipment. Subjects were then tested 
individually in the CM1I research altitude chamber at each 
of four simulated altitudes. These (~!SL) altitudes to which 
the subject:s were exposed in randos seque:1ce were ground level, 
8,000 ft, 10,500 ft, and 12,500 ft. Subjects reported to the 
laboratory without eating breakfast and i·lere given a standc::rd 
DPal before beginning the experiment. After breakfast, eub­
jects completed a sleep survey and a subjective rating scale 
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(Figure 1). Electrodes were ~ttached to the subjects for 
heart rate recordings, and subjects were given a thermistor 
rectal probe for self-insertion for rectal te~perature measur~­
ments. The subjects then reported to the altitude chamber 
for a 3-h test session. Heart rate was recorded continuously) 
rectal te~perature and blood pressure were measured once during 
each 15-nin period, and tests of visual accommodation (provided 
by Dr. K. h1 ~ Helsh of the Aviation Physiology Laboratory) were 
ad@inistered before the session and at the end of e~ch hour. 
Capillary blood samples f~on finger punctures were drawn before 
and after each test session for determinations of blood glucose 
and hematocrit. At the end of the 3-h test, subjects filled 
out a symptom checklist (Figure 2) and again executed a sub­
jective rating scale (Figure 3). At the end of the 3-h test, 
urine ~~as collected for r.J.easur·ements of epinephrine, norepineph­
rine, and 17-ketogenic steroids (2). After each chamber 
session, subjects were given a cardiovascular evaluation. 

During each 3-h test session, the subjects perforued four 
differ~nt cor:tl:~inations of tasks of the HTPR in l-h cycles. 
(For a complete descriptior. of the tasks, see Jennings, Chiles 
and ~Vest(l).) Lights and raeters monitoring tasks l.-.rere per­
formed throughout the test sessio~. During the first 15 min 
of the hour, traci<ing ari thnet ic tasks i.Vere perfon:1ed. During 
the second 15 oin, arithr::.etic and problem. solving tverc per­
form~d. During the third 15 min, pattern discri~ination and 
?roblem were performed. And, during the final 15 min, pattern 
discrimination and tracking ~;,_,.ere perfor-:>:ied. This sequence ~;vas 

then repeated during the second and third hours of the test 
sesslon. The D€asure of perform.ance used \·.ras an equal-variance 
conposite of the various tine and accuracy measures fr<:mt the 
individtral casks. 

Twelve subjects t·Jere selected and 10 completed the test 
series. Data collection tvas accomplished in three periods: 
:larch 15 to April 16, June l to June 24, and JuT"te 28 to 
~'tugust 2, 1976. 

III. Results .. 

The sleep surveys indicated no difference in the quality 
or quantity of the subjects' sleep prior to the test days. 

According to the resUlts of the subjective rating scales, 
attentiveness decreased significantly fron the beginning ~.v 
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the end of the 3-h experiment at both 8,000 ft and 12,500 ft 
(Figure 4); a corresponding decrease in energy level was 
reported (Figure 5). Interest decredsed with time of exposure 
at all altitudes, with statistical significance at the 0.05 
level for ground level and 8,000 ft and at the 0.01 level for 
10,500 and 12,500 ft (Figure 6). 

C0ncentration difficulty and drowsiness were the most fre­
'iuently reported symptoms on the checklist; more subjects reported 
these two symptoms for 12,500 ft than for the other altitudes. 

The visual accommodation tests yielded no statistically 
significant findings attributable to either altitude or duration 
of the test. 

Hematocrit demonstrated a slight but statistically insig­
nificant hemoconcentration through time at each of the four 
altitudes. The blood glucose Has significantly less at the 
end of the experiments than at the beginning, but there were 
no differences attributable to altitude (Figure 7). 

There was a statistically significant increase in heart rate 
with increasing altitude (Figure 8). There were no statisti­
cally significant differences for systolic blood pressure, but 
diastolic pressure did demonstrate a statistically significant 
de:::rease (p,; .0~) at 12,500 ft (Figure 9). 

The findin5s of the urine analyses are presented 1n Table 1. 

Although the catecholamines,epinephrine, and norepinephrine 
demonstrated increasing values with each increase in altitude, 
the individual variances ~vere large and the differences did 
not ~~ove to be statistically significant. 

The perfomance data from the }!TPB exhibited great varia­
bility with no effects that could be attributed to altitude. 
In addition, the performance levels, when averaged over alti­
tude conditions, showed a significac1t drop as a function of 
the number of test sessions experienced. Apparently, the sub­
jects were losing interest in, or losing motivation to comply 

. d " ' . w1th the deman s OL tne exper1ment. 

IV. Discussion. 

The series of experiments conducted during the development 
of the ASPS provided information indicating a need for 
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Altitude 

(HSL) 

Ground 

Level 

8,000 

Feet 

10,500 

Feet 

12,50G 

Feet 

TABLE 1. Mean Values* and Standard Deviations* 
for Urinary Hormones 

Epinephrine Norepinephrine 17-Ketogenic Steroids 

(ng/h) (ng/h) (mg/h) 

575.2 1725.1 0.6959 

±166.0 ±386.3 ±0.1361 

651.3 1864.0 0.6014 

±174.1 ±526.5 ±0.1446 

745.5 2100.6 0.6695 

±338.6 ±642.4 ±0.1322 

797.1 2213.6 0.6918 

±386.1 ±442.9 ±0.2590 

* N = 10 
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refinement of the protocol. Results of some of the subjective 
rating scales showed that increasing altitude accentuated 
changes that occurred prinarily 2s a result of the long experi­
~ental procedure; i.e., interest decreased more at the two 
higher altitudes. Further, concentration difficulty and dr~w­
Slness were reported most frequently at 12,500 ft. 

In mid-August 1976, conferences were held by Drs. Busby, 
Helton, Collins, Chiles, Lategola, and Higgins to evaluate 
the findings to that time. The general conclusions were: 

A. The experiments \vere too long and too complicated. 

B. The experiment protocol itself probably had gr~ater 
effect on the subjects' responses than did the differences 
1n altitude. 

C The data obtained from the HTPB and cardiovascular 
testing were not conclusive. 

D. Further refinement of the protocol is indicated. In 
future experiments, the cardiovascular tes~ing should be con­
ducted separately, in parallel with ether testing, and not 
at the end of an already long test procedure. 

~. The time spent in the altitude chamber for a test 
session should be reduced to 2 h to preclude the boredom and 
fatigue associated with the longer testing procedure. 

F. Additional tests should be conducted to deter~ine the 
sensitivity of the ~!TPB for detecting difference,;; due to 
altitude alone. 

Between August 28 and ]';oveober 18, 1976, shorter tests 
(2 h) uere conducted at three altit11des; ground level, 12,500 
ft, and 14,000 ft. Ten subjects were evaluated. The cardio­
vascular testing, visual accor~odation tests, dietary control, 
and blood sampling were eliminated from the protocol. This 
series vf tes:s was conducted prinarily to evaluate the effects 
cf altitude on complex performance. Unfortunately, subject 
motivation again appeared to fluctuate widely and again, 
altitude did not have a significant effect on ?erformance. 
In the past, the problem was produced by rather frequent NTPB 
equipment nalfunctions. 
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V. Conclusion. 

In future experiments us~ng the ASPS, the cardiovascular 
testing "'ill be conducted separately. The time of exposure 
to altitude and NTPB testing ui:l be limited to 2 h. Heasure­
ments such as visual accommodation, internal body temperature, 
blood glucose, blood drug or alcohol level, and others will 
be included in the ASPS experiments only '"hen appropriate. 
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ASSESSHENT OF CA..R.DIOVASCULAR FUNCTION AFTER EXPOSURE 
TO THE AVIATim: STRESS PROTOCOL--SIHULATION 

I. Introduction. 

The Aviation Stress Protocol--Simulation (ASPS) \vas 
designed to assess the potential for impaired performance by 
testing the capacity of pilots and air traffic controllers 
to: (i) maintain an optimum performance level for a prolonged 
period of time ani (ii) respond to a task overload or emer­
ger~y situation. For pilots, this capability includes the 
ass~ssment of tolerance to flight environmental stresses in 
the range of altitudes to which general aviation pilots can 
legally fly without supplemental oxygen. The core of the 
ASPS (for pilots) is the exposure of the individual for 
single-day 3-h periods to a battery of si<aulateG. complex 
psychomotor tests C,ITPB) at ground level (GL) and charitber 
altitudes at 8,000 (A), 10,500 (B), and 12,500 (C) feet (MSL). 
During the ASPS, task performance is ritOnitored for deteriora­
tion of psychomotor performance and physiological and bio­
chemical tests are adritinistered to identify possible causes 
of such deterioration. 

As an adjunct procedure, cardiovascular tests \vere admin­
istered imr.zediate ly following the "\SPS to identify any func­
tiorral deterioration due to the ASPS exposure per se. This 
report 1vill deal only \•ith the post-ASPS cardiwasZt;lar 
testing. 

II. ~,1ethods. 

The cardiovascular test battery consisted of: (i) a test 
of orthostatic tolerance using a lmver body negative-pressure 
(LB:-iP) box (supine) and (ii) a submaximu1:1 physical workload 
test using standardized, upright, seated, bicycle ergo1:1etry. 
The LB:-<P load a:-d t ii:~e sequences ••ere a 3-min rest period, a 
2-min exposure to -25 Hlffi Hg LB:olP ("' + 1. 5 Gz), a 2-min 
recovery/rest period, and a 2-min exposure to -50 mrn Hg I..B?~P 
(" +2. 0 Gz). The ergometry load and t i1:1e sequences \vere a 
5-min rest period, a 3-min exposure to a 50 rpm/30 \,; workload, 
and a 3-rrtin exposure to a 50 r-pm/60 H workload. Parameters 
assessed during the LBNP test lvere pulmonary ventilation 
(using direct spiror.£try), heart rate (HR) and electrocardio­
gram (single-lead ECG), blood pressure (automatic sphygmoma­
nometry), and temporal artery flow velocity (directional 



Doppler equipment). During ergometry testing, the same 
parameters Here assessed excepting the omission of the tem­
poral artery flm• velocity and the addition of oxygen uptake 
(analysis of quantitatively collected expired air). 

Immediately follo\ving a given ASPS altitude exposure, the 
subject (seated in a \vheelchair at all times) was "finger 
pricked" for microsampling of blood, '"heeled to a private 
room for quantitative collection of urine, and then delivered 
to the cardiovascular testing room. The a•:erage elapsed time 
bet,•een the end of altitude exposure and start cf the LBf(P 
and ergometry tests \vere 44 and 63 min respectively. 

A complete set of ASPS altitude exposures \vas achieved 
on a total of 10 normal !:lale subjects (21-25 yr of age). 
The GL data served as baselines for comparing displacemenrs 
due to altitudes A, B, and C. 

III. Results. 

LB:-JP. Both levels of +Gz exposure were \vell tolerated 
by all subjects without syncope or temporal artery flow 
reversal. Although syncope >vas absent, physiological displace­
ments did occur in all subjects. In general, the displace­
ments increased in rough proportion to the applied level of 
+Gz and the,preceding altitude exposure. The quantitative 
altitude-related displacements of the systolic blood pressure 
(SBP), diastolic blood pressure (DBP), pulse pressure (PP), 
HR, tenporal artery flo\v v2locity (TAFV), and pulmonary ven­
tilation ('tc:) are summarized in Tables 1-3. The SBP dropped 

during each +Gz exposure, but the drops and overall lev~'s 
appeared to be approxinately the same for GL as for preceding 
altitudes A, B, and C as compared to GL. The PP generally 
dropped during each +Gz exposure, and the overall levels were 
also lm-1er follo•.:ing altitudes A, B, and Cas compared to GL. 
The HR increased during each +Gz exposure, and the overall 
levels r.vere also higher folloHing altitudes A, B, and C as 
compared to GL. In each of the two +Gz exposures and the two 
nreceuLng rest periods, nost of the altitude-related increases 
in ER (A, B, and C coDpared to GL) were statistically signifi­
cant (p s; 0.05). In the altitude context of comparison, four 
of the DRP and t\vO of the PP displacements '"ere also significant. 

The TAP: dropped during each +Gz exposure, but the overall 
levels were substantially higher following altitudes A, B, and 
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TABLE 1. SBP and DBP Responses to +1.5 and +2.0 Gz at Ground Level, and at 8,000, 
10,500, and 12,500 Ft Altitudes 

LBNP 
SBP (mm HQ) DBP (mm HQ) 

R .. +U5Gz R .. +2.0Gz " .. +1.5 Gz R . . +2.0 Gz 

Ground m 117.1 115.7 118.1 111.8 65.1 65.5 68.1 64.5 
Level 

(Control) SE 3.1 3.0 3.8 3.5 1.7 1,9 2,0 2.1 

• • 
8,000ft m 100.6 98.6 99.8 99.1 107.1 108.6 103.9 108,1 

(%of Control! SE 1.5 1.7 2.4 2.4 2.6 2.1 3.2 4.0 

• • 
10,500 ft m 102,4 100,] 102.1 104.8 108.3 105.4 102.4 109." 

(%of Control) SE 1.9 2,2 2.7 2.8 3.7 2.4 3.1 2.3 

12,500 ft 
m 99-9 100,2 100,6 100.5 104.1 102.9 104.5 108.4 

(% of Control) 5 E 1.3 3.4 2.8 3.3 2.2 3.0 3.4 4.6 

----- -

1-..J 
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TABLE 2. PP and HR Responses to +1.5 and +2.0 Gz at Ground Level, and at 8,000, 
10,500, and 12,500 Ft Altitudes 

LBNP 
PP (mm Ho) HR (bpm) 

R + 1.~ Gz R +2.0Gz R +lb Gz R +2.0 Gz 

Ground m 52.1 50.2 50,0 47.3 55.8 56.7 58.2 65.0 

Level 
(Control) SE 2,4 3.1 3.4 4,2 2.3 2.2 2.8 2.6 

-
• • • • • 

8,000 ft m 92.7 86.4 98.2 95.7 104.8 1o8.3 105.1 105.8 

(% of Control} SE 2.5 3.3 5.6 8.4 1.9 3.2 3.6 4,0 

- --f------------
• • • • 

10,500 ft m 95.5 94,11 102.2 101.9 1o8.4 112.2 107.0 110.5 

(% of Control) S E 3.2 3.9 3.3 7.0 2.1 3.1 3.0 4,1 

-· 
• 

12,500 ft 
m 95.0 95.2 9b.6 93.1 108.4 107.4 106.6 104.3 

(%of Control) SE 3.0 6.6 5.4 6,9 3.4 3.4 I 3.1 4.3 
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TABLE 3. \IE and TAFV Responses to +1.5 and +2.0 Gz at Ground Level, and at 8,000, 

10,500, and 12,500 Ft Altitudes 

LBNP 
\'E (lpm) TAFV (cm/s) 

R + 1.5 Gr " +2.0Gz R + 1.5 Gz R +2.0 Gz 

Ground m 7.6 7.2 7.6 8.8 9.7 8.9 8.1 7.8 

Level 
(Control) SE 0.5 0.6 0.4 o.a 1.6 2.1 1.3 1.5 

-
8,000 ft m 101.8 112.8 106.9 99.0 108.4 131.7 143.8 149.4 

(% of COfttroll SE 9.:> 12.0 10.6 8.2 14.6 21.9 28.5 31.2 

10,500 ft m 103.3 98.9 98.5 101.7 139.6 225.2 233.2 318.8 

1% of COfttrol l 5 E 9.6 9.7 7.1 8.9 28.5 99.6 103.1 170.1 

12,500 ft 
m 99.1 121.1 107.2 94.1 137 .a 188.0 223.6 258.8 

(% of Control) 5 E 8.0 n.o 6.7 9.1 .... 9.2 59.3 81.3 114.6 

1-.s-



C compared to GL. None of the observed blood 
displacem2nts was statistically significant. 

flow velocity 
The "':/ response 

E 
to each +Gz exposure varied widely in direction and magnitude 
with no obvious consistent relationship to either +Gz or 
altitude. 

Ergometry. :80th the 30- and 60-h' workloads were com­
fortably tolerated by all subjects. The SB~, DBP, PP, HR, 
VE, and oxygen uptake ("':/

0 
) increased generally in direct 

2 
proportion tc the applied ergometric load. Hith the exception 
of PP, the overall levels of these parameters were higher 
following altitudes A, B, and C as compared to GL. The overall 
levels of PP were lmver following altitudes A, B, and C as corn­
pared to GL. The quantitative altitude-related displacements 
of the SBP, DBP, PP, HR, VE' and v

0 
are ciUmmarized in Tables 

2 
4-6. Statistically significant (p~ 0.05) altitude-related 
charrges occurrsd: (i) in DBP, PP, HR, and "':/

0 
in the 

2 
preergometric rest period; (ii) in DBP, PP, and HR during the 
30-\{ w0rkload; and (iii) in HR and \' E during the 60-H workload. 

IV. Discussion. 

Some st- 1stically significant altitude-related displace­
ments in phyciiological parameters appeared in both the LBNP 
and ergowetry segments of the post-ASPS cardiovascular assess­
ment, even though these two testing segments nonoptionally 
:olloweJ the end or &ltitude exposure by a:1 average of 44 and 
63 mirt respectively. Because these displacements could 
possibly be accentuated by closer temporal proximity of the 
cardiovascular testing to the altitude exposures, it was 
decided that the cardiovascular testing would henceforth be 
run in parallel rather than in tandem with the core ASPS. 
The cardiovascular tests are to be applied at GL and during 
appropriate altitude exposures rather than after the altitude 
exposures. During the currently extended "shakedown" Phase I 
testing of the core ASPS, the paralleling cardiovascular 
equipment and protoco 1 1,•i ll be sh i ftec~ to one of the small 
altitude chaml:-e-.:-s. \-:e should be ready to resume full-scale 
parallel testing \<hen the core ASPS cornnencPs its Phase II 
operations. Running this test in parallel with the core ASPS 
tests fvrther has the beneficial effect of relieving the tedium 
of the core tests by reducing the le~gth of subject exposure. 
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TABLE 4. SBP and DBP Responses to 30W and 60W Bicycle Ergometry Workloads at Ground 
Level, and at 8,000, 10,500, and 12,500 Ft AlLitudes 

ERGOMETRY 
SSP (mm Ha) DBP (mmHa) 

.. -- - - - .. -- - -- -
Ground m 116,4 ~28.6 138.6 64.9 66.1 69.8 
Level 

(Cclltrol) SE ],0 3.6 3.6 2,2 2.5 3.2 

• • 
8,000ft m 100.5 99.2 102.4 106.7 107.0 104.6 

t"llo of Control) SE 1.9 0,8 1.8 2,6 2,1 3.5 

• • 
10,500 ft m 100.5 10U,2 100.4 106.2 112,0 106.0 

t"llo of Control J SE 1.3 1.9 1,8 2.3 3.2 2.7 

12,500 ft 
m 101,6 100,0 102,4 109.6 106,0 106.9 

("llo of Colltroll SE 2,7 2,7 2.1 5.9 5.2 5.8 

1-'7 
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TABLE 5. PP and HR Responses to 30W and 60W Bicycle Ergornetry Workloads at 
Ground Level, and at 8,000, 10,500, and 12,500 Ft Altitudes 

Ground m 
Level 

(Control) SE 

8,000 fl m 
(''4 of Control) SE 

10,500 ft 
m 

(% of Control) SE 

12,500 ft 
n; 

(% of Control) SE 

R .. 

51.6 

].2 

88.4 

5.7 

89.5 

5.1 

• 
P7.7 

4.6 

PP (mm Hg) 

30 w 

62.5 

3.7 

• 
91.8 

1,4 

• 
90,7 

4,0 

95.e 

3.8 

ERGOMETRY 
HR (bpm) 

60 w R .. 30 w 60 w -
68,8 58.8 77.9 94.2 

3.9 2,1 3.1 2,4 

103.0 105.6 102,6 102.6 

4,5 3.3 2.7 2.2 

• • 
95.9 107.7 105.1 104.2 

3.8 2.6 3.0 1.5 

• • • 
100.3 108.5 108.5 106,0 

4.3 3.0 3.3 1.8 
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TABLE 6. \IE a<vl \1
02 

Responses to JOW and 60W Bicycle Ergometry Workload» at 

Ground Level, and at 8,000, 10,500, and 12,500 Ft Altitudes 

ERGOMETRY 
~E (lpm} Voz (ml /m/ kg) 

R .. 30 w 60 w -- R .. 30 w 60 w 
', -

Ground m 8.6 16.1 22.6 3.2 8.5 1(!. 7 
Level 

(Control) SE 0.4 0.7 o.s 0.2 0.4 0.6 

" 
8,000 ft m 104.3 97.2 109.1 105.3 100.3 103.3 

(
0.4 ol Control ) SE 6.4 4.5 2.9 3.2 4.5 2.7 

-·-----··-
li • 

10,500 ft 
m 104.?. 94.3 103.8 117.9 99.8 101.7 

(% ol Control) Sf 9.2 3.1 2.2 6.9 5.0 2.8 

• • 
12,500 ft 

m 107 .ll 101.8 106.8 116.7 105.0 108.0 

(% of Control! SE 3.9 6.0 2.3 5.9 5.2 4.3 

/-? 



THE RELATIONSHIP BETI-lE.EN STRESS-RELATED HETABOLITES AND 
DISQUALIFYING PATHOLOGY IN AIR TRAFFIC CONTROL PERSONNEL 

I. Introduction. 

This laboratory's first study of stress in air traffic 
controllers was carried out in 1968 at O'Hare Tower. Since 
that time, 15 other st,_~dies have been carried out at towers, 
centers, TRACON' s, and flight servi,:e stations (4-10). A 
total of 237 controllers representing trainees, journeymen, 
and supervisors have been studied; 189 of those are the sub­
jects of this study·--48 were either studied tor, recently for 
their data to be available or their urinary data were incomplete. 

Sufficient time has elapsed since the first study at O'Hare 
that some controller subjects have suffered a variety of medi­
cal conditions severe enough to require either waiver or retire­
oent. Notations regarding r.1eciical conditions requiring either 
of the sbove actions are in the controllers' files in the 
Aeromedical Certification Branch of the Civil Aeromedical 
Institute. These files were searched for controller subjects 
who developed medical conditions after they ~..rere studied. 
Thirty-six ( 19 percent of the total) such controllers \vere iden­
tified who developed pathology after the time of the stress 
study in which they served as subjects. These controllers showed 
pathology in one or more of three groups: gastrointestinal, 
neuropsychiatric, and cardiovascular (Table 1). A further break­
down of the three conditions by region and facility is shown in 
Table 2. 

II. Results. 

An index developed in this laboratory (6) readily allows 
the comparison of excretion values for 17-ketogenic st:eroids, 
epinephrine, and norepinephrine. The average of the three indi­
vidual indices (c , c , and c ) is the composite stress index 

st e ne 
(C ). The individual and composite indices for normal controllers 

s 
(those without a pathology file) and those with pathological con­
ditions are shown in Table 3. The table shows that for the whole 
population of controllers, those who developed gastrointestinal 
pathology had significantly (p < 0.01) higher c than did their 

- st 
normal counterparts at the time they \lere studied. The index 



TABLE l. Distribution of Diagnoses Anong 
Three Hajor Disease Categories 

Disease Percentage 
Category 

Gastrointestinal 

Cardiovascular 

Neuropsychiatric 

Diagnosis 

Gastric Ulcer 
Duodenal Ulcer 
Peptic Ulcer 
Gastritis 
Gall Bladder 
Other 

Hyocardial Infarction 
Coronary Insufficiency 
Hypertension 
Angina 
Arteriosclerotic Heart Disease 
Arrhythmia 

Anxiety Reaction 
Anxiety Depression 
"iJeuroses" 
Cluster Headaches 
Depression 
Personaljty Disorder 
Schizophrenia 
Anxiety Neuroses 
Psychosomatic Illness 

Occurrence 

15.4 
15.4 
15.4 
15.4 
7.7 

30.7 

26.7 
6.7 

33.3 
13.3 
13.3 
6.7 

21.8 
21.8 
8.7 
4.3 
4.3 
4.3 
8.7 

21.8 
4.3 



Region 

Soutber:1 

TABLE 2. Distribution of the Three :-fajor Disease 
Categories .~ong Regions and Facilities 

Facilitv 

Opa Locka To\ver 

Niami ARTCC 

Atlanta ARTCC 

Gastro­
intestinal 

0 

3 

0 

3 

Cardio­
vascular 

0 

8 

1 

9 

Southwest 

Central 

Houston Inter­
continental Tower 

O'Hare Tower (1968) 

Los Ange 1 e s TRAcm; 

Oak land TR.:..co;; 

1 

l 

J 

l 

1 

l 

1 

2 

1 

0 

0 

0 

Neuro­
psychiatric 

l 

12 

3 

16 

0 

3 

3 

2 

0 

0 

0 



TABLE 3. Pathology and Grouped Stress Indices 
for the Entire Subject Population 

.£* 
... 

-~ c c p- c 
st e ne 

Normal 0.67 ~0.01 0.60 0. 77 

Gastrointestinal 1.12 0.01 0.61 ns** 0.68 

Cardiovascular 0.94 ns 0. 74 ns l. 25 

Neuropsychiatric 0.64 ns 0.82 ns 0.85 

*p = Level of significance of difference between normal and 
pathological conditions 

**ns = Not significant 

Unpaired t-test 

p* 

ns 

:> 0. OS 

ns 



for norepinephrine (c ) was also elevated significantly 
ne 

Cz < 8.05) over the normals for the cardiovascular pathology 
group. 

When the individual facilities are considered, c ~s 
ne 

significantlv (p < 0.05) elevated in the cardiovascular pathol­
ogy group at.Hiami ARTCC (Table 4). There are no Aher points 
of significant difference. 

III. Discussion. 

This study indicates that high levels of steroid excretion 
are related to the presence or later development of gastro­
intestinal disease, the most common "stress related" disease. 
As shown in Table 1, the principal subcategories of that 
disease relate to ulceration of the stomach and duodenum. 
Ulcers have long been known to be related to high levels of 
endogenous steroids (1,2,11). 

At Hiami Center, the occurrence of cardiovascular disease 
(25 percent hypertension, 75 percent coronary artery disease) 
is significantly related to high levels of norepinephrine 
excretion. Norepinephrine is the principal catecholamine 
liberated by the sympathetic nervous system and is, therefore, 
the main regulator·of arteriolar resistance. Norepinephrine 
has also been shm-m to have pronounced effects in causing 
arrhythmias and fatty changes in the hearts of dogs (3). 

This study suggests that excretion levels of 17-ketogenic 
steroids and norepinephrine may be predictive of heart disease, 
hypertension, and gastrointestinal ulceration. However, because 
of the small number of controllers in each diagnostic category, 
the statistics leave much to be desired; the findings reported 
here are, therefore, tentative, and this report should be 
viewed as preliminary. The pathology files will be periodi­
cally checked in the years to come to see if the statistical 
vali~ity of these observations changes as more controllers 
lOLn the list of those with pathology files. 



TABLE 4. Pathology and Individual Stress 
Indices for Various ATC Facilities 

ATC Disease 
Facility Category c I* c .E.* st e 

O'Hare Tower 

Normal 1.23 0.74 
Gastrointestinal 1. 73 nSk* 0. 7l ns 
Cardiovascular 2.91 t 1.07 t 
Neuropsychiatric 1.56 ns 0. 7l ns 

Opa Locka Tower 

)Jormal 0.67 0.74 
Gastrointestinal 0.00 -'- 0.00 ~ 

' 
Cardiovascular 0.00 ' 0.00 t 
Neuropsychiatric 0.17 0.63 + 

l'!iami ARTCC 

:\ormal 0.5~ 0.68 
Gastrointestinal 0.73 ns 0.42 ns 
Cardiovascular 0.74 ns 0.69 ns 
~europsychiatric 0.65 ns 0.84 ns 

Atlanta ARTCC 

;;ormal 0.80 0.29 
Gastrointestinal 0.00 _;_ 0.00 7 

Cardiovascular ".34 0.53 t 
Neuropsychiatric 0.59 ns 0.52 ns 

Fort \Jorth ARTCC 

ciormal 0.23 0. 54 
Gastrointestinal 0.09 _;_ 0.88 _;_ 

' 
Cardiovascular 0.60 -'- 1. 04 
1·:E:uropsychia t ric 0.24 il6 l. 21 ns 

c .E.* ne 

0.99 
0.79 ns 
1. 51 -1-

' 
0.73 ns 

1. 21 
0.00 t 
0.00 t 
0.42 -1-

I 

0.88 
0.78 ns 
1.43 0.0) 
0.96 ns 

1. 38 
0.00 t 
1. 25 7 

1. 31 ns 

0.20 
0.36 -1-

I 

0.16 7 

0.20 ns 



TABLE 4 (Continued) 

Facility Category c .£.* c o* c 
st e ~ ne 

Houston 
Intercontinental 
Tower 

Normal 1.01 0.40 0.59 
Gastrointestinal 1.77 t 0.96 t 0.57 
Cardiovascular 1.77 ' 0.96 + 0.57 

' 
Neuropsychiatric 0.00 + 0.00 + 0.00 I I 

Oakland TRACON 

Nomal 0.37 0.85 0.48 
Gastrointestinal 0.48 ' 0.41 ' 0.30 
Cardiovascular 0.00 t 0.00 .:. 0.00 
:-<europsychiatric 0.00 t 0.00 t 0.00 

Los Angeles 
TRACO:~ 

~-~ormal 0.63 0.38 0.79 
Gastrointestinal 0.00 -'- 0.00 0.00 ' 
Cardiovascular 0.00 0.00 ' 0.00 
Neuropsychiatric 0.00 + 0.00 .:. 0.00 

' 

*.£. = Level of significance of difference between normals and 
diseased 

**ns = :'ot significant 

-'- = NnmhPr of cases insufficient for statistical treatment 

P* 

t 
+ 
' 
t 

t 
t 
t 

t 

• 
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