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Serum Cholesterol, Anthropometric, Electro- 
cardiographic and Dietary Data in Men Living 

Under Very Similar Conditions 

Since the  re la t ions  of se rum cholesterol  levels wi th  
d ie ta ry  compos i t ion  were no t  a lways convincing ill recent  
epidemiological  s tudies  ~-s, a s t u d y  was p lanned  the  o the r  
way  round.  137 men  wi th  originally widely  d i f ferent  
hab i t s  of life, b rough t  toge the r  under  the  same housing 
and  d ie ta ry  condit ions,  vo lunteered  for this  inves t igat ion.  
The group consis ted of prisoners,  aged f rom 18-52 years,  
cand ida t e -pa r t i c ipan t s  to an indoor  t r a in ing  p rog ramme.  
T h e y  considered themse lves  as hea l thy ,  and  no un tow ard  
f indings were r epor ted  at  the  rout ine  medical  examina-  
tion. All l ived for several  weeks, mon ths  or even  years  on 
the  fixed d ie t a ry  regime of the  S ta te ' s  prisons.  This  
regime gives no res t r ic t ion of calories, fu r the rmore  each 
man  can buy  l imi ted  amoun t s  of a n u m b e r  of l is ted food- 
stuffs  every  week. Al toge ther  the  to ta l  fat,  mi lkfa t  and 
animal  p ro te in  con ten t  is fairly low. W o r k  is usual ly l ight  
(sedentary),  bu t  the  more act ive  of ten ob ta in  jobs sui t ing 
the i r  readiness  for act ivi ty .  

Da ta  were collected on age, height ,  weight,  relat ive 
weight ,  l ength  of the  left uppe r  a rm and the  circum- 
ference over  its middle.  Skinfolds were measured  wi th  
H a r p e n d e n  Skinfold Calipers - pressure 10 g / m m  2 of face - 
a t  the  middle  of the  left upper  a rm over  the  t r iceps and  
on the  back ju s t  below the  left  angulus scapulae.  The 
ches t  c i rcumference at  max imal  inspi ra t ion  and  expira-  
t ion and its difference was de te rmined .  Ind iv idua l  d ie t a ry  
da t a  were ob ta ined  by the cross check h i s to ry  m e t h o d  6, 
and  d ie ta ry  compos i t ion  was calculated wi th  the  help  of 
the  Du tch  food tab les  9. F r o m  the  to ta l  calories consumed 
and the  calculated basal  metabol ic  ra te  - according to the  
formula  of HARRIS and BENEDICT 1~ -- the  calories spen t  
for the  daily act ivi t ies  (the ' energy '  calories) were found 
by  subt rac t ing ,  assuming t h a t  the  caloric value of the  
body  did not  change.  To ob ta in  in format ion  on the  in- 
cidence of cardiac ischaemia,  12 lead e lec t rocard iograms 
were made  while res t ing and af ter  the  Master  one-s tep-  
test .  The e lec t rocardiograms were eva lua ted  according to 
the  cri ter ia  of BLACKBURN et al. n. Serum cholesterol  
values were de t e rmined  according to the  me thod  of 
ANDERSON and KEYS 12. 

The Table gives the  average da ta  and ranges for the  
subjects  divided according to cholesterol  levels lower t h a n  
200 rag% and 200 rag% and over. F r o m  the  averages  it 
can be seen t h a t  the  low cholesterol  group is a few years  
younger  t h a n  the  h igh  cholesterol  group, he igh t  is a few 
cen t imete rs  more  - demons t r a t i ng  the  general  t e n d e n c y  
in this  respect  wi th  age - bu t  the  absolute  weight  is less, 
which augmen t s  the  differences in re la t ive  weight  be tween  
the  2 groups. The length  of the  upper  a rm shows a dif- 
ference in concordance  wi th  the  difference in height .  

Arm ci rcumference and skinfolds are less in the  low 
cholesterol  group t h a n  in the  other.  Assuming  t h a t  the  
skinfolds of the  a rm have  the  same th ickness  as those  
over  the  t r iceps all a round the  middle  of the  arm, a bone-  
plus-muscle  c i rcumference can be e s t i m a t e d . o f  25.9 cm 
for the  low cholesterol  group and 25.6 cm for the  high 
cholesterol  group. This small  difference can be accounted  
for by  the  s o m e w h a t  grea ter  length  of the  a rm and thus  
of the  size of the  whole bone  in the  former  group, bu t  
m a y b e  also by  more  muscle t issue, or pe rhaps  bo th  by  
more  bone and muscle t issue in this  group t h a n  in the  
high cholesterol  group. 

Differences in skinfold th ickness  on the  back  were even 
more  d is t inc t  t h a n  those on the  a rm and  showed the  same 
tendency .  Usual ly  th ick  fa t  layers on the  back  were seen 

toge the r  wi th  large wais t  sizes. Chest  c i rcumference 
m e a s u r e m e n t s  a t  max ima l  inspi ra t ion  and  expi ra t ion  give 
the  sum of lung-volume,  bone  and  muscle t issue, and sub- 
cu taneous  fat  layers.  The  difference be tween  these  two  
measu remen t s  gives a fair ly good measure  of t he  lung 
capaci ty .  Again, the  lowest  cholesterol  group hav ing  the  
smaller  ches t  c i rcumference  had  the  advan tage ,  since 
these  subjec ts  had  a b e t t e r  t h o rax  expans ion  possibi l i ty  
and  thus  a larger avai lable  lung volume for each deep 
b r e a t h  t h a n  the  o thers  had.  According to  w h a t  was 
found on training,  the  larger t h o rax  expans ion  m u s t  be 
seen largely as a resul t  of more  physical  ac t iv i ty .  

F r o m  the  d i e t a ry  da t a  i t  is seen t h a t  the  low cholesterol  
group eats  more,  in absolu te  amo u n t s  as well as in 
calories/kg body  weight ,  and  also expends  more  calories 
for dai ly activi t ies.  D ie t a ry  composi t ion  var ies  so l i t t le 
be tween  the  groups t h a t  no influence on the  se rum 
cholesterol  levels can  be expec ted  - if an y t h i n g  can be 
ment ioned ,  i t  is t h a t  the  low cholesterol  group has  a 
s l ight ly higher  fa t  co n t en t  in its food t h a n  the  h igh  
cholesterol  group. 

In  the  res t ing e lec t rocard iograms of the  low cholesterol  
group ST depressions were absent ,  while in 7% of the  
o ther  group an ST depress ion was found.  Pos t -exerc ise  
e lec t rocardiograms did no t  show a subs tan t i a l  difference 
in incidence be tween  the  2 groups  a l though  ST depres-  
sions of 1 m m  or more  were found only  in the  h igh  
cholesterol  group. F l a t t en ing  T waves on exer t ion  were 
recorded in one out  of the  l a t t e r  4 cases. O the r  devia t ions  
f rom the  normal  were 11 conduc t ion  d is turbances ,  mos t ly  
incomple te  r igh t  bundle  b ranch  blocks, in 4 men  in 
combina t ion  wi th  an ST depression;  1 m a n  showed ven-  
t r icular  p r ema tu re  bea ts  on exer t ion  and deve loped  a 
comple te  r ight  bundle  b r an ch  block wi th in  a few weeks. 
2 o thers  had  more  t h a n  30% left axis deviat ion.  Dis t r ibu-  
t ions  over  the  low and high cholesterol  groups  showed the  
same incidence.  

I t  was found t h a t  the  differences in the  incidence of 
h igh and low values be tween  the  2 groups  were s ta t i s t i -  
cally s ignif icant  for age, subcu taneous  fa t  layer  on the  
back, and energy calories, giving evidence t h a t  the  low 
cholesterol  group is younger ,  leaner, eats  more  and  is 
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Average data  of the participants 

EXPERIENTIA XXII[9 

Serum cholesterol level in rag% 

200 rag% (1;ange) 200 rag% 
and higher 

(range) 

Chi-square  
of 3 and 
higher a 

Number of participants 

Serum cholesterol level in mg% 
Age in years 
Height in cm 
Weight in kg 
Weight in kg/cm height 
Length of upper arm in cm 
Circumference of left upper arm over the middle in cm 
Skinfold over the triceps at the middle of the 
left upper arm in m m  
Skinfold just below the left angulus scapulae in mm 
Sum of skinfolds in m m  
Chest circumference at max. inspiration in cm 
Chest circumference at max.  expiration in em 
Difference between chest circumference at max. 
inspiration and expiration in cm 

Total calorie consumption 
Calories/kg of weight 

Energy calories 
Energy calories/kg weight 

Calories % fat 
Calories % milkfat 
Calories % proteins 
Calories % animal protein 
Calories % carbohydrates 
Calories % sugar (bought as such) 

ST depression in resting ECG 
ST depression on exertion (Master one-step-test) 
less than  1 mm 
ST depression on exertion of 1 m m  or more 

36 101 

178.2 (141-199) 250.4 
22.8 (18-37) 26.3 

179.4 (166-194) 175.4 
73.4 (60-92) 75.2 

0.41 (0.34-0.50) 0.43 
36.9 (28-42) 35.4 
28.5 (24-33) 29.4 

8.2 (4-18) 8.9 
9:9 (7-20) 11,5 

18.1 (11-38) 20.5 
95.8 (82-107) 96.8 
90.5 (78-101) 92.7 

5.3 (2 10) 4.1 

3247 ~2048-4966} 3002 
44.5 (25.5-69.6) 40.5 

1261 (124-2898) 1058 
17.4 (1.5-37.5) 14.4 

35.6 (22-53) 34.5 
7.2 (1-15) 7.5 

10.6 (7-14) 11,2 
4.4 (2-8) 5.2 

50.9 (34-63) 51.8 
6.2 (2-17) 6.5 

0 7 

7 24 
0 4 

(200-361) 
(18-52) 

(160-197) 
(56-113) 

(0.34-0.59) 
(27-44) 
(24-37) 

(3-25) 
(6-35) 

(10-60) 
(85-120) 
(80-113) 

(1 12) 

(1654 6683) 
(24.2-72.1) 

(-149-2984) 
(-1.7-45) 

(16 70) 
(2-27) 
(6-18) 
(2-16) 

(26-85) 
(1-19) 

5.8 

6.9 

3.5 

A chi-square of 3.84 means significant at the 5% level, a value of 6.64 means significant at 1% level. 

m o r e  p h y s i c a l l y  a c t i v e  t h a n  t h e  h i g h  c h o l e s t e r o l  g r o u p .  
Al l  s t a t i s t i c a l l y  n o n - s i g n i f i c a n t  d i f f e r e n c e s  (no t  r e a c h i n g  
t h e  5 %  level)  p o i n t  t o  t h i s  s a m e  d i r e c t i o n  a n d  s t r e s s ,  
t h e r e f o r e ,  t h e  c o n c l u s i o n s  g i v e n  a b o v e .  

T h e  i n c i d e n c e  o f  S T  d e p r e s s i o n s  in  t h e  2 g r o u p s  is n o t  
s i g n i f i c a n t l y  d i f f e r e n t ,  a l t h o u g h  t h e r e  w e r e  no  S T  de -  
p r e s s i o n s  in  t h e  r e s t i n g  e l e c t r o c a r d i o g r a m s  of  t h e  low 
c h o l e s t e r o l  g r o u p  ( c h i - s q u a r e  2.5). I n  l a r g e r  g r o u p s  t h e  
d i f f e r e n c e  m i g h t  h a v e  b e e n  m o r e  d i s t i n c t  : s o m e  a d d i t i o n a l  
i n f o r m a t i o n  w a s  o b t a i n e d  i n  a n  i n v e s t i g a t i o n  ~ w i t h  100 
f a r m e r s  a g e d  3 5 - 5 5  ( a v e r a g e  44.6  y e a r s ,  e n e r g y  ca lo r i e s  
2200),  12 o f  w h o m  h a d  a s e r u m  c h o l e s t e r o l  l eve l  b e l o w  
200 m g % .  O n l y  1 s h o w e d  S T  d e p r e s s i o n ,  b u t  t h i s  w a s  
c o m b i n e d  w i t h  a c o n d u c t i o n  d i s t u r b a n c e  a n d  a h e a r t  
m u r m u r  a n d  w a s  t h e r e f o r e  n o t  c o n s i d e r e d  as  a c a s e  o f  a 
p r i m a r y  c o r o n a r y  h e a r t  d i s ease .  Of  t h e  r e m a i n i n g  88 
t h e r e  w e r e  23 w i t h  S T  d e p r e s s i o n s ,  16 o f  t h e m  o n  e x e r t i o n  
on ly .  

W e i g h t  a n d  r e l a t i v e  w e i g h t ,  a l t h o u g h  s h o w i n g  t h e  ex -  
p e c t e d  t e n d e n c y  in  t h e  a v e r a g e  v a l u e s ,  a r e  n o t  s u c h  i m -  
p o r t a n t  m e a s u r e s .  T h i s  is c o n c e i v a b l e ,  s i n c e  w i t h  a g i v e n  
w e i g h t  a n d  h e i g h t  t h e r e  c a n  be  a c o n s i d e r a b l e  d i f f e r e n c e  
in  t h e  r e l a t i v e  a m o u n t s  of  m u s c l e  a n d  f a t  t i s s u e .  S ince  t h e  
w a t e r  a n d  ca lo r i e  c o n t e n t  o f  b o t h  t i s s u e s  a r e  w i d e l y  d i f -  
f e r e n t  - 1 k g  o f  m u s c l e  t i s s u e  c o n t a i n s  a p p r o x i m a t e l y  
250 g o f  p r o t e i n  a n d  750 g o f  w a t e r ,  w h e r e a s  1 k g  of  f a t  t i s -  
s u e  c o n t a i n s  870 g of  f a t  a n d  130 g of  w a t e r  - i t  is p o s s i b l e  
t h a t  o n  d e c r e a s i n g  t h e  p h y s i c a l  a c t i v i t y  t h e  w e i g h t  

d e c r e a s e s ,  e v e n  if  t h e  ca lo r i e  c o n s u m p t i o n  is n o t  r e d u c e d  
p r o p o r t i o n a l l y  t o  t h e  p h y s i c a l  a c t i v i t y .  A n  i n c r e a s e  i n  
t h e  a m o u n t  of  s u b c u t a n e o u s  f a t  m u s t  be  s u b s t a n t i a l  i f  i t  
is to  be  f o u n d  w i t h  m e a s u r e m e n t s  a t  a l i m i t e d  n u m b e r  of  
s i t e s  w i t h  s k i n f o l d  ca l ipe r s  13,1~. 

Zusammen/assung. H / i f t l i n g e  v e r s c h i e d e n e r  H e r k u n f t  
u n d  L e b e n s w e i s e ,  u n t e r  g l e i c h e n  U m s t A n d e n  l~ingere Ze i t  
i m  Gef / i ngn i s ,  w u r d e n  in  zwei  G r u p p e n  g e t e i l t :  36 M / i n n e r  
m i t  S e r u m c h o l e s t e r o l w e r t e n  n i e d r i g e r  a l s  200 m g % ,  u n d  
101 M / i n n e r  m i t  W e r t e n  y o n  200 m g %  n n d  m e h r .  D ie  
D a t e n  v o n  A l t e r ,  L / inge ,  G e w i c h t ,  A r m u m f a n g ,  S u b k u -  
t a n f e t t ,  B r u s t u m f a n g ,  E K G ,  Qualit~Lt u n d  Q u a n t i t A t  d e r  
E r n A h r u n g  u n d  E n e r g i e v e r b r a u c h  b e w i e s e n ,  d a s s  M A n n e r  
m i t  n i e d r i g e n  C h o l e s t e r o l w e r t e n  s i g n i f i k a n t  a k t i v e r ,  w e n i -  
g e r  f e t t  u n d  j i i n g e r  w a r e n  a l s  M A n n e r  m i t  h O h e r e n  
C h o l e s t e r o l w e r t e n .  
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