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I 

SUMMARY 

Since some forms of  mental s t r e s s  a r e  a s s o c i a t e d  wi th  e l e v a t i o n s  i n  serum c h o l e s t e r o l  l e v e l s .  i t  is 
re levant  t o  ask whether t h e  repeated acute  s t r e s s  p e r i o d s  encountered by p i l o t s  may eventuate  in e leva ted  
serum l e v e l s  of c h o l e s t e r o l  and/or  o t h e r  l i p i d s .  
were t h e r e f o r e  s e p a r a t e d  i n t o  f l y i n g  and nonflying groups,  and t h e  occurrence of e leva ted  l i p i d  l e v e l s  i n  
these  groups t a b u l a t e d .  The means and s tandard d e v i a t i o n s  of t h e  c h o l e s t e r o l ,  Sf 0-12, and Sf  20-400 
l i p o p r o t e i n  l e v e l s  were computed. No s i g n i f i c a n t  d i f f e r e n c e s  between the  mean va lues  were found f o r  any 
of t h e  years  o r  f o r  any of t h e  t h r e e  l i p i d  f r a c t i o n s .  The d a t a  t h e r e f o r e  i n d i c a t e  t h a t  the s t r e s s e s  
a s s o c i a t e d  v i t h  f l y i n g ,  i f  they had any e f f e c t ,  had no more e f f e c t  on the  serum l i p i d s  than d i d  the 
s t r e s s e s  experienced by t h e  group of nonflying o f f i c e r s .  

The s u b j e c t s  of t h e  USAFSAM Cardiovascular  Disease Study 

One of t h e  f a c t o r s  thought t o  c o n t r i b u t e  t o  t h e  development of a t h e r o s c l e r o t i c  h e a r t  disease is 
psychological  stress (1 ,  2 ) .  Examples of t h i s  stress and t h e  response t o  i t  are seen i n  medical s t u d e n t s  
whose serum c h o l e s t e r o l  l e v e l s  rose  j u s t  before  examinat ions (3). and in t h e  t a x  accountants  with e leva ted  
c h o l e s t e r o l  l e v e l s  j u s t  p r i o r  t o  deadl ines  f o r  f i l i n g  t a x  r e t u r n s  (4) .  Friedman and Rosenman (1) have 
c l a s s i f i e d  i n d i v i d u a l s  accord ing  t o  c e r t a i n  p e r s o n a l i t y  t ra i t s  l i s t e d  i n  Table  1. Competitive. agress ive  
i n d i v i d u a l s .  c a t e g o r i z e d  as Type A,  tend t o  have 
h igher  serum c h o l e s t e r o l  l e v e l s  and s h o r t e r  Table  I.  C h a r a c t e r i s t i c s  of  Personal i ty  Types ( 5 )  
blood c l o t t i n g  times than  more pass ive  i n d i v i -  
dua ls  wi th  Type B p e r s o n a l i t i e s .  Type A 

In tense .  s u s t a i n e d  d r i v e  f o r  achievement 
Presumably, i n d i v i d u a l s  v i t h  Type A person- Desire f o r  r e c o g n i t i o n  

a l i t y  experience more psychologic  stress than Involvement i n  d i v e r s e  func t ions  
Type B persons,  s i n c e  Type A i n d i v i d u a l s  excre te  Sense of urgency t o  speed work and t a l k  
l a r g e r  amounts of catecholamines in t h e i r  u r ine  Ext ra  a l e r t n e s s ,  b o t h  mental  and physlcal  

t h i s  stress is r a t h e r  s p e c i f i c ,  however, s i n c e  
a group of unemployed b l i n d  men who were s tudied  
d i d  not  have e leva ted  serum c h o l e s t e r o l  l e v e l s  
d e s p i t e  t h e  f a c t  t h a t  they  presumably experienced 
chronic  emotional stress (6 ) .  This s p e c i f i c i t y  of  stress response is f u r t h e r  i n d i c a t e d  by the  f a c t  
t h a t  u r h a r y  e x c r e t i o n s  of c o r t i c o s t e r o i d s  were not  d i f f e r e n t  f o r  t h e  A and B p e r s o n a l i t y  types. 
Furthermore, Caganova, e t  al, (7 )  found an e l e v a t i o n  of  serum c h o l e s t e r o l  levels in nonath le te  s tudents  
before  a d n a t i o n s ,  b u t  n o t  in s t u d e n t s  t e s t e d  f o r  performance by a s i n g l e  p h y s i c a l  load. 

S tudies  of U.S. Air Force p i l o t s  have i n d i c a t e d  t h a t  t h e s e  men a r e  s u b j e c t  t o  s t r e s s i n g  fac tors  asso- 

than  do Type B i n d i v i d u a l s  ( 5 ) .  The na ture  of Type B 
E s s e n t i a l l y  t h e  o b v e r s e  of Type A 

Anxiety (unemployed b l i n d  men) 
Type C 

c i a t e d  v i t h  f ly ing .  Eale. et a l . .  (8) repor ted  that e l e v a t i o n s  of  both u r i n a r y  catecholamines and 17- 
hydroxysteroids  occurred  i n  p i l o t s  a t  var ious  time d u r i n g  f l i g h t s .  
v a t i o n s  t o  be r e f l e c t i o n s  of t h e  i n t e r a c t i o n  of f l i g h t  s t r e s s e s  on the  n a t u r a l  c i r c a d i a n  rhythms governing 
t h e  e x c r e t i o n  of t h e s e  hormones. 

The i n v e s t i g a t o r s  i n t e r p r e t e d  these  e l e  

The ques t ion  of i n t e r e s t  in t h i s  paper is whether t h e  stresses of f l i g h t  can e l e v a t e  t h e  serum choles-  
t e r o l  and predispose p i l o t s  t o  t h e  development of a t h e r o s c l e r o t i c  h e a r t  disease. 

FINDINGS 

An answer t o  t h e  above ques t ion  w a s  sought in t h e  data of the USAF School of Aerospace Medicine C a r d i e  
v a s c u l a r  Disease Study ( 9 ) .  This  s tudy was i n i t i a t e d  in 1952. when serum c h o l e s t e r o l  and l ipopro te in  
l e v e l s  vere measured in many members of t h e  e n t e r i n g  class a t  t h e  U.S. Mlltary Academy a t  West ?oint .  
Figure 1 is a diagram summarizing t h e  design of t h i s  s tudy .  Table  I1 lists t h e  l i p i d s  and l ipopro te ins  
measured and t h e  y e a r s  t h o s e  measurements were l n l t i a t e d .  

Table  11. USAFSAM Cardiovascular  Disease Study. L i s t  
o f  measurements made and t h e  year  in which t h e  measure- 
ment was i n i t i a t e d .  

Those measurements have been repeated Once 
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every two year8 in a s  many of  thm s u b j e c t 8  AE p o s s i b l e .  
t e r o l  and l i p o p r o t e i n  l e v e l s  a r e  a v a i l a b l e  on those  o f f i c e r s  f o r  t h e  year8 1952-1970. Of t h e  479 o f f i c e r s  
in tha  ahrdy in 1956, 394 remained in t h e  s t u d y  through 1970. Among those  394 vere  8 1  Nr Force  o f f i c e r r .  
A l l  a r e  c l u a i f i e d  as balonging t o  t h e  f l y i n g  popula t ion ,  a l though one l a  a f l i g h t  medical o f f i c e r  and 
e i g h t  arm ruviga tora .  The remaining 72 p i l o t s  inc lude  many vho a r e  o r  have been f i g h t e r  pilot.. The cho- 
I e r c e r o l  and Sf &lZ (lov dens i ty)  and Sf 20-400 (very lov d e n s i t y )  l i p o p r o t e i n  l e v e l s  f o r  the 81 f l y i n g  
rubjmcts  have therefore  been colllpared w i t h  t h e  corresponding l e v e l s  f o r  t h e  313 nOUflying s u b j e c t s .  
of t h e  a u b j e c t s  could not provide blood f o r  a n a l y s i s  dur ing  each of  the sampling years .  
man l e v e l .  a r e  not based on t he  same i n d i v i d u a l s  dur ing  t h e  v a r i o u s  sample years .  
l a t i o n  &up from one supple  year  t o  t h e  n e x t  in t roduces  some l a c k  of confidence in t h e  a b s o l u t e  values 
of t h o  -ME and in t h e i r  d i f f e r e n c e s  from y e a r  t o  year .  
f o r e  have been Ignored, and d a t a  a n a l y s e s  have been l i m i t e d  t o  comparing the  mean values  f o r  t h e  f l y i n g  and 
n o n f l y i n g  groups i n  each of  t he  sampling y e a r s .  

Consequently. a e r i a l  masuremants  of E O N  choleo- 

Some 
Consequently, t h e  

This v a r i a t i o n  in popu- 

Changes from one a m p l e  year  t o  t h e  n e x t  there-  

The incidence of hyperl ipidemia among t h e  s u b j e c t s  is shovn i n  Table 111. The p e r c e n t a m  l b t e d  i n  
t h a t  t a b l e  do not  d i f f e r  s i g n i f i c a n t l y  between t h e  t v o  groups. 

Table 111. USAPSAM Cardiovascular  Disease Study. Percentage of s u b j e c t s  
in f l y i n g  and w n f l y i n g  groups having l e v e l s  v i t h i n  t h e  l i s t e d  ranges. 

Percentage  of S u b j e c t s  v i t h  Maximum Levels 

N c h o l e s  t e r o l  S f  20-400 l i p o p r o t e i n  

275-350 >350 200-300 300-500 >SO0 

Flying 81  31 2.5 12 7 1 

Nonf ly ing  31 3 36 7 16 6 0.3 

A comparison vas  made t o  test t h e  p o s s i b i l i t y  t h a t  t h e  two groups might d i f f e r  in some y e a r s .  Accord- 
i n g l y ,  t h e  mean value and t h e  s tandard  d e v i a t i o n  of t h e  values about  t h e  man vere computed f o r  each y e a r  
f o r  t h e  f l y i n g  and nonflying groups. Tables  IV, V, and V I  p r e s e n t  t h e  r e s u l t s  of those  computatiocw. 

Table IV. DSAFSAM Cardiovascular  Disease Study. W e a n  Serum Choles te ro l  Levels .  

Y e a r  F l y e r s  Non-Flyers 
- - 

N S X X s N 

1952 
54 
56 
58 

1960 
62 
64 
66 
68 

1970 

73 
79 
8 1  
81 
79 
78 
8 1  
68 
67 
74 

37.5 
36.5 
42.8 
40.0 

40.8 
40.3 
48.8 
38.3 
35.2 

44.8 

177.3 
217.3 
231.6 
246.7 
232.7 
225.0 
235.4 
247.2 
237.6 
242.4 

184.2 
217.9 
234.4 
269.2 
238.0 
229.1 
237.8 
245.6 
242.4 
249.8 

39.2 
36.4 
40.8 
40.6 
44.2 
40.3 
44.6 
46.0 
44.3 
44.2 

260 
295 
313 
30 8 
289 
294 
292 
244 
232 
261 - 

N - number of subjec ts  S - s t a n d a r d  d e v i a t i o n  X - mean value  

Table V. USAFSAn Cardiovascular  Disease Study. Mean Sf 0 - 12 Lipopro te in  Levels .  

Year F l y e r s  Non-Flyers 
- - N S X X S 8 

1952 
54 
56 
58 

1960 
62 
64 
66 
68 

1970 

N - number of subject. 

74 
79 
81 
80 
78 
78 
81 
69 
67 
73 

45.2 
51 .7  
80.2 
94.7 
97.4 
93.2 
99.1 
94.2 
82.5 
86.2 

176.0 
190.4 
283.3 
322.5 
302.0 
346.2 
321.0 
335.2 
366.2 
335.8 

184.4 
196.1 

331.9 
308.9 
327.5 
316.9 
327.8 
366.6 
343.5 

288.7 

50.8 
49.1 
17.0 
87.6 
83.7 
86.0 
85.7 
91.4 
96.5 
92.6 

266 
29 7 
312 
307 
288 
29 3 
29 2 
242 
236 
257 

- 
S - s t a n d a r d  d e v i a t i o n  X - mean v a l u e  
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i a o ~ e  VI. U ~ U ~ M  Laraiovaacuar  uisease bcuay. mean bf  

Year Flyers  
- 

N S X 

1956 
58 

1960 
62 
64 
66 
68 

1970 

81 
81 
78 
78 
81 
69 
67 
73 

65.4 51.8 

54.1 82.9 
78.1 93. 4 
85.6 115.3 
85.0 114.9 
92.4 102.8 
78.8 114.9 

62.3 88.4 

Iu--4uu berum L i p o p r o t e i n  L e n l s .  

Non-Flyers 
- 
X 

46.6 
90.7 
93.7 

101.0 
108.3 
106.9 
111.1 
125.4 

S 

36.2 
57.1 
64.6 
62.5 
62.4 
66.0 
71.5 
86.8 

H 

313 
309 
288 
29 3 
29 2 
243 
232 
258 

N - number of s u b j e c t s  

S - s tandard  devia t ion  

X - mean value  
- 

It should be  poin ted  out  t h a t  fo r  t h e  y e a r s  1952-1956 t h e r e  w a s  no d i f f e r e n c e  i n  the  b a s i c  mvironment  
Only a f t e r  t h e  of t h e  mmbers of t h e  f l y i n g  and nonflying groups;  a l l  were c a d e t s  a t  t h e  M i l i t a r y  Academy. 

blood sampling of 1956 were the newly commissioned o f f i c e r s  who became t h e  f l y i n g  group given assignments 
f o r  f l i g h t  t r a i n i n g .  
c h a r a c t e r i s t i c  of i n d i v i d u a l  members of t h e  group b e f o r e  t h e  i n d i v i d u a l s  were ass igned  t o  f ly ing  o r  
n o n f l y i n g  duty.  

Any d i f f e r e n c e s  betveen t h e  two groups in 1952-1956, t h e r e f o r e ,  r e f l e c t  SOL 

Any such d i f f e r e n c e s  obviously could not  be  a t t r i b u t e d  t o  f l y i n g  ( o r  t o  not  flying) 
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Pig .  2. 
l i p o p r o t e i n  l e v e l s  p l o t t e d  a g a i n s t  mean body 
weight  f o r  the var ioua  sampling years .  D a t a  
from b o t h  f l y i n g  and non-flying groups a r e  
inc luded  in t h e  means. E a r l i e s t  measurements 
(1952) are p l o t t e d  a t  t h e  l e f t .  The sequence 
of observed va lues  is i n d i c a t e d  by t h e  Lines  
connec t ing  success ive  p o i n t s .  

m a n  serum c h o l e s t e m l  and Sf 20-400 

m9 *A 

a 
0 

200 
8 
cn- 
. 100 

Fig. 3. Serum v a l u e s  p l o t t e d  aga ins t  bod? weight  
f o r  s u b j e c t  A ( h e i g h t  - 74 i n .  188 c d .  krl ies t  
measurements (1952) a r e  p l o t t e d  a t  t he  l e f t .  The 
sequence of  observed v a l u e s  is indica ted  by t h e  
l i n e s  connec t ing  s u c c e s s i v e  poin ts .  



In Tables IV, V .  and V I ,  t h e  d i f f e r e n c e s  between the  man v a l u e s  f o r  t h e  f l y i n g  and nonf ly ing  groups 
a r e  not  s i g n i f i c a n t ,  when e v a l u a t e d  by Student ' s  t - t e s t .  

Because da ta  on t h r e e  parameters  a r e  not  a v a i l a b l e  f o r  a l l  sample y e a r s ,  subgroups were i d e n t i f i e d  
v i t h  complete d a t a  f o r  a l l  y e a r s .  The sane ind iv tdua la  were inc luded  in a l l  years  f o r  t h e s e  groups. A 
repeated measurements a n a l y s i s  of var iance  was performed using d a t a  f o r  1956. 1968, and 1970. 
n i f i c a n t  e f f e c t  of f l y i n g  on t h e  means of the  two groups v a s  found. 

No s ig-  

To l e a r n  whether t h e  d i s t r i b u t i o n  of values  d i f f e r e d  i n  the two l a r g e  groups. t h e i r  var iances  were 
compared by computing t h e  P r a t i o n  f o r  each samplinq year  and f o r  t h e  t h r e e  l i p i d  parameters. 
were no s i g n i f i c a n t  d i f f e r e n c e s  between the  f l y i n g  and n o n f l y i n g  in t h e  var iances  of any of t h e  choles- 
t e r o l  o r  Sf 0-12 l i p o p r o t e i n  d a t a .  
f l y i n g  group was s i g n i f i c a n t l y  l a r g e r  than f o r  the nonf ly ing  group f o r  a l l  y e a r s  except 1958 and 1970 
(P < 0 . 0 2 5 ) .  This  l a r g e r  v a r i a n c e  i n  t h e  f l y i n g  group r e s u l t e d  from c e r t a i n  members Of t h e  group who 
had r e l a t i v e l y  high Sf 20-400 l i p o p r o t e i n  l e v e l s  i n  1956, t h a t  have tended t o  persist throughout  the 
s tudy .  This  d i f f e r e n c e  is an example of  a c h a r a c t e r i s t i c  of i n d i v i d u a l s  t h a t  antedated t h e i r  assignment 
t o  f l i g h t  duty,  and t h e r e f o r e  cannot  be a t t r i b u t e d  t o  stresses o f  f l y i n g .  

There 

Hwever .  i n  the  Sf  20-400 l i p o p r o t e i n  l e v e l s ,  the  var iance  f o r  t h e  
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The serum samples i n  which a l l  l i p i d  and l i p o p r o t e i n  l e v e l s  were measured were not  n e c e s s a r i l y  f a s t -  
ing s e r a .  
t h e  las t  meal, by t h e  amount of food included i n  t h a t  meal, and by i t s  f a t  conten t .  These u n c e r t a i n t i e s  
make i t  impossible  t o  determine whether an e leva ted  Sf 20-400 l i p o p r o t e i n  l e v e l  represents  a hyper- 

The Sf  20-400 l i p o p r o t e i n  l e v e l s ,  consequently, could  b e  a f f e c t e d  by the  time e lapsed  s i n c e  

- 

0- 

N e v e r t h e l e s s ,  some of t h e  d a t a  are q u l t e  pro- t r i g l y c e r i d e m i a  of metabol ic  o r  of pos tprandia l  o r i g i n .  
voca t ive .  

Serum l e v e l s  of t h e  c h o l e s t e r o l  and Sf 20-400 
l i p o p r o t e i n s  would be expec ted  to c o r r e l a t e  t o  some 
degree v i t h  weight (10). Therefore ,  in f i g u r e  2. t h e  
mean l e v e l s  of those s u b s t a n c e s  are p l o t t e d  a g a i n s t  
t h e  mean weight of t h e  s u b j e c t s  a t  t h e  time the  l i p i d  
l e v e l s  were measured. It  is n o t a b l e  t h a t  t h e  i n i t i a l  
normal c h o l e s t e r o l  l e v e l  r o s e  markedly with the  f i r s t  
t e n  pounds of weight g a i n ,  b u t  v a r i e d  i n c o n s i s t e n t l y  
v i t h  t h e  f u r t h e r  weight g a i n s ,  as though t h e  choles- 
t e r o l  l e v e l s  were f l u c t u a t i n g  be lov  a metabolic 
c e i l i n g .  Meanvhile, t h e  levels of t h e  t r i g l y c e r i d e -  
r i c h  Sf 20-400 l i p o p r o t e i n s  r o s e  c o n s i s t e n t l y  a s  t h e  
v e i g h t  increased ,  a l though t h e  l i p o p r o t e i n  l e v e l s  
never  became grossly e l e v a t e d .  
sugges t  t h a t  t h e  weight g a i n  w a s  t h e  r e s u l t  of 
c a l o r i c  i n t a k e  i n  excess of  metabol ic  needs. I n  
such circumstances,  t h e  increase in t r i g l y c e r i d e  
l e v e l s  would be expected t o  accompany t h e  increase  
i n  weight .  AB a poss ib le  cause of t h e  observed 
i n c r e a s e  i n  l i p o p r o t e i n  levels, hyper t r ig lycer idemia  
secondary t o  b a s i c  metabol ic  abnormali ty  seems t o  be 
an u n l i k e l y  p o s s i b i l i t y .  

These r e l a t i o n s h i p s  

For ind iv idua l  s u b j e c t s ,  however. t h e  possi-  
b i l i t y  of primary metabol ic  abnormali ty  is r a t h e r  
l i k e l y  in some i n s t a n c e s ,  a l though proof of such 
abnormali ty  is l ack ing .  F i g u r e s  3 and 4 are examples 
of  d a t a  from i n d i v i d u a l  s u b j e c t s  v i t h  hyperl ipidemias .  

F igure  3 shows d a t a  from s u b j e c t  A, who gained 
more than 50 pounds (22.7 kg) d u r i n g  t h e  f i r s t  si. 
y e a r s  of t h e  s tudy ,  and has maintained t h a t  weight 
e v e r  s i n c e .  Concomitantly. his serum c h o l e s t e r o l  
r o s e  from its initial level of 120 mg X t o  va lues  in 
excess  of  300 mg X .  and h a s  remained near  300 mg X 
subsequent ly .  The pronounced weight  gain assoc ia ted  
v i t h  t h e  development of t h i s  hyperl ipidemia suggests  
t h a t  excess ive  c a l o r i c  intake may b e  t h e  explanat ion 
of  t h e  e leva ted  l i p i d  and l i p o p r o t e i n  l e v e l s .  Hov- 
e v e r ,  t h i s  o f f i c e r  is 74 inches  (188 ad t a l l .  For 
h i s  h e i g h t ,  h i s  weight is n o t  excess ive  by USAP 
s tandards .  The b a s i c  cause of his hyperl ipidemia 
t h e r e f o r e  is not  c e r t a i n ,  b u t  it vould be h ighly  
i n t e r e s t i n g  t o  determine hov well i t  would respond 
t o  d i e t a r y  c o n t r o l .  

F igure  4 s h w s  data from subject B,  who gained 
23 pounds (10.4 kg) dur ing  t h e  f i r s t  6 years  of 
s tudy.  
remained b e l w  t h e  maximum reached a t  the  end of 
t h e  f i r s t  s i x  years .  
l i p o p r o t e i n  l e v e l s  v a r i e d  e r r a t i c a l l y .  sometimes 
by l a r g e  amounts, throughout  t h e  per iod  of observa- 
t i o n .  

Subsequently his v e i g h t  decreased and 

Both t h e  c h o l e s t e r o l  and t h e  
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Fig .  4. Some v a l u e s  p l o t t e d  a g a i n s t  body 
v e i g h t  f o r  s u b j e c t  B (height  - 7 3  in. 185 cm). 
Ear l ies t  measurements (1952) a r e  p l o t t e d  a t  
t h e  l e f t .  The sequencp of observed values 
is i n d i c a t e d  by :he l i n e s  connecting 
s u c c e s s i v e  p o i n t s .  
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hyperl ipidemia t h a t  apparently has not  i n t e r f e r e d  wi th  t h e i r  performance of d u t i e s  up to  the present time. . 

DISCUSSION AND CONCLUSIONS 

Among the  s u b j e c t s  of t he  USAFSAM Card iovascu la r  Disease Study, t h e r e  is no evidence tha t  the stresses 
of  f l y i n g  a f f e c t  t h e  serum l i p i d  l e v e l s  d i f f e r e n t l y  than those l e v e l s  are a f f e c t e d  by the s t r e s sea  of l i f e  
i n  the  m i l i t a r y  nonflying s u b j e c t s .  Mean l e v e l s  f o r  serum c h o l e s t e r o l  and f o r  t h e  Sf 0-12 (cholesterol-  
r i c h )  and t h e  Sf 20-400 ( t r i g l y c e r i d e - r i c h )  l i p o p r o t e i n s  did not d i f f e r  s i g n i f i c a n t l y  between the f l y i n g  
and nonflying groups. There were no s i g n i f i c a n t  d i f f e r e n c e s ,  not  only du r ing  t h e  four-year period of 
school ing a t  West Po in t ,  but a l s o  du r ing  t h e  subsequent fourteen yea r s  of f l y i n g  o r  nonfl ing duty assign-  
ment. 
t h e  var iances  of t h e  cho le s t e ro l  and Sf 0-12 l i p o p r o t e i n  l e v e l s ,  which i n d i c a t e s  t h a t  the f ly ing  and 
nonflying groups had a s i m i l a r  d i s t r i b u t i o n  of l e v e l s  within the  two groups. 
l i p o p r o t e i n  l e v e l s ,  however, was l a r g e r  f o r  t h e  f l y i n g  than f o r  t he  nooflying group i n  most years. The 
reason is t h a t  t h e  group who even tua l ly  became f l y e r s  Lncluded, even during the yea r s  of schooling a t  
West Po in t ,  s e v e r a l  i nd iv idua l s  w i th  e l e v a t e d  Sf 20-400 l i p o p r o t e i n  l e v e l s .  
h e r e d i t a r y ,  a l though they could r e f l e c t  e a t i n g  h a b i t s .  
throughout t h e  s tudy  and a r e  not  a t t r i b u t a b l e  t o  t h e  s t r e s s  of f l y i n g .  

Further  evidence of the absence of any e f f e c t  of f l y i n g  pe r  se is provided by the s i m i l a r i t y  of 

The var iance f o r  Sf 20-400 

Those e l eva t ions  a re  poss ib ly  
In any case, the  e l e v a t i o n s  have general ly  p e r s i s t e d  

It is no tab le  t h a t  var ious s u b j e c t s ,  d e s p i t e  having had e l eva ted  serum l i p i d  and l i popro te in  l e v e l s  
while  s t u d e n t s  a t  t he  Mi l i t a ry  Academy, w e n t  on t o  become ra t ed  p i l o t s .  Twenty yea r s  a f t e r  enter ing t h e  
M i l i t a r y  Academy, none of those nen has  had h i s  f l y i n g  ca ree r  prematurely terminated by cardiovascular  
d i sease .  Although the  number of s u b j e c t s ,  81, is small, t h i s  absence of o v e r t  d i s e a s e  agrees with t h e  
absence of any s i g n i f i c a n t  d i f f e r e n c e s  in t h e  serum l i p i d  and l i p o p r o t e i n  levels of f l y i n g  and nonflying 
o f f i c e r s .  

The conclusion seems warranted t h a t  the streeses experienced by o f f i c e r s  who f l y  planes do not a f f e c t  
serum l i p i d s  d i f f e r e n t l y  than t h e  stresses experienced by nonflying o f f i c e r s .  
no evidence i n  these  da t a  of any e f f e c t  on serum l i p i d s  t h a t  is p e c u l i a r  to  the stress of f ly ing .  
i n fe rence  is t h a t  t h e  s t r e s s  of f l y i n g  h a s  no p e c u l i a r  e f f e c t s  on s u s c e p t i b i l i t y  t o  a t h e r o s c l e r o t i c  h e a r t  
d i s e a s e .  d e s p i t e  t h e  f a c t  t h a t  evidence of  phys io log ic  s t r e s s  a s soc ia t ed  w i t h  f l y i n g  has been provided by 
s t u d i e s  of s t e r o i d  and catecholamine e x c r e t i o n  (8) .  

En o t h e r  vords,  t he re  is 
The 

The absence of an observed e f f e c t  on serum l i p i d s  In t h i s  populat ion is s i g n i f i c a n t .  The s t u d i e s  of 
Friedman and Rosenman (1) showed t h a t  e l e v a t i o n s  o f  serum c h o l e s t e r o l  l e v e l s  w e r e  a s soc ia t ed  with Type A 
p e r s o n a l i t y ,  and v i t h  the  stress of meet ing important  deadl ines .  
who are p i l o t s ,  t h e  acu te  stress of meeting c r i t i c a l  performance requirements ( t akeof f s .  landings,  c r i t i c a l  
maneuvers) might b e  expected t o  a p p r o x h t e  t h e  stresses experienced by t h e  accountants  or  s tudents .  The 
absence of  any s i g n i f i c a n t  e l e v a t i o n  i n  cbolesterol l e v e l s  in p i l o t s  could mean t h a t  (a)  p i l o t s  become 
accustomed t o  such s t r e s s e s ,  o r  (b) t h e  stress t ends  t o  be  chronic .  as in the type  C pe r sona l i ty ,  and is 
no t  a s s o c i a t e d  wi th  an e l e v a t i o n  of serum c h o l e s t e r o l ,  o r  (c)  t h e  nonflying group experiences o the r  
equ iva len t  stresses. 

I n  the s u b j e c t s  of  t he  USAFSAM study 

The la t ter  p o s s i b i l i t y  cannot be  adequa te ly  eva lua ted ,  bu t  it is an a t t r a c t i v e  a l t e r n a t i v e  explanat ion.  
It is no tab le  t h a t  t he  mean c h o l e s t e r o l  levels f o r  t h e  e n t i r e  group of s u b j e c t s  are elevated above t h e  means 
f o r  U.S. males of comparable ages  (11).  This f i n d i n g  could b e  i n t e r p r e t e d  t o  mean t h a t  both f l y i n g  and 
nonflying o f f i c e r s  are sub jec t  t o  psycho log ica l  stresses a s s o c i a t e d  v i t h  e l e v a t i o n  of serum c h o l e s t e r o l  
levels. 
would favor  those  v i t h  competi t ive,  a g g r e s s i v e  type  A pe r sona l i ty  chracteristics. Such s e l e c t i o n  could 
c o n t r i b u t e  t o  t h e  e l eva t ion  of mean c h o l e s t e r o l  l e v e l s  above those  f o r  U.S. males in general .  I f  t h i s  
s e l e c t i o n  f a c t o r  does indeed p l ay  a s i g n i f i c a n t  r o l e  i n  the  observed serum l i p i d  and l i popro te in  l e v e l s , .  
i t  is appa ren t ly  no =re ev iden t  in t h e  f l y i n g  than  in t h e  nonflying o f f i c e r s .  

Furthermore, it is a r easonab le  argument t h a t  s e l e c t i o n  and r e t e n t i o n  of men as m i l i t a r y  o f f i c e r s  

The f ind ing  of high mean serum c h o l e s t e r o l  levels in t h i s  populat ion of s u b j e c t s  raises quest ions 
about p o s s i b l e  increased r e l a t i v e  risks o f  h e a r t  a t t a c k  (12) among these  o f f i c e r s .  Such questions are 
among those  t h a t  hopeful ly  wil l  be  answered as t h e  s tudy  cont inues.  
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Summary o f  D i s c u s s i o n  

D a t a  are n o t  y e t  a v a i l a b l e  on a comparable  c i v i l i a n  g r o u p  s i m i l a r l y  s e l e c t e d  a t  a young 
age. The s u b j e c t s  i n  t h e  Thousand A v i a t o r  S tudy  o f  N A H I  are now d i v i d e d  i n t o  m i l i t a r y  
a n d  c i v i l i a n  g roups  o f  a p p r o x i m a t e l y  e q u a l  s i z e .  These two g r o u p s  d i d  not d i f f e r  s i g n i -  
f i c a n t l y  i n  t h e i r  serum c h o l e s t r o l  l e v e l s  measured a t  t h e  l a s t  sampl ing .  The members of 
t h e  c i v i l i a n  g roup ,  of c o u r s e ,  were  f o r m e r l y  members o f  the m i l i t a r y  group.  The USAFSAM 
s t u d y  is  s t i l l  unaware o f  any d i f f e r e n c e s  i n  serum l i p i d s  b e t w e e n  m i l i t a r y  and c i v i l i a n  
( f o r m e r  m i l i t a r y )  g r o u p s ,  b u t  t h i s  q u e s t i o n  h a s  n o t  been  a n a l y z e d  u s i n g  t h e  most r e c e n t  
d a t a .  

D i s c u s s i o n  s p e a k e r s :  Clark (US), M i t c h e l l  (US),  T r e d i c i  (US),  T r o x l e r  (US). 
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