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I m p r o v e m e n t  o f  t h e  T h e r m o r e g u l a t i o n  E f f i c i e n c y  

Our  s tud ies  on  t h e  i m p r o v e m e n t  of t h e  t h e r m o r e g u l a -  
t i on  eff ic iency of m a n  a b o v e  1500 m a l t i t u d e  a re  p r i m a r i l y  
based  on  15 years  of o b s e r v a t i o n  of da i ly  c o m p l a i n t s  of 
large g roups  of sub jec t s ,  b o t h  ch i l d r en  a n d  a d u l t s  suf fe r ing  
f rom b r o n c h i a l  a s t h m a  w i t h  no  in fec t ious  c o m p o n e n t s  
(TRoMPI,e). These  s u b j e c t s  r e p r e s e n t  a t  l eas t  1% of t h e  
p o p u l a t i o n  of W e s t e r n  Europe .  A carefu l  ana lys i s  of t h i s  
v e r y  cons ide rab le  ma te r i a l ,  ba sed  on  15 years  of da i ly  ob-  
se rva t ion ,  ha s  s h o w n  t h a t  t h e  da i ly  d i s t r i b u t i o n  of al ler-  
gens (pollen, spores,  house  d u s t  etc.) could  no t  exp la in  t h e  
cu rves  of large  g roups  of a s t h m a t i c s  i n d i c a t i n g  t h e  da i ly  
f r e q u e n c y  of a s t h m a  a t t a c k s  in  a c o n s t a n t  g roup  of a s th -  
mat ics .  

A s t a t i s t i c a l  ana lys i s  of va r ious  me teoro log ica l  pa ra -  
m e t e r s  ha s  s h o w n  t h a t  of al l  t h e  k n o w n  meteoro log ica l  
f ac to r s  on ly  t he  degreee  of a t m o s p h e r i c  cool ing shows a 
pe r fec t  co r re l a t ion  w i t h  t h e  degree  of a s t h m a t i c  c o m p l a i n t s  
pe r  day ,  m o n t h  or  year .  B o t h  s u d d e n  increase  in cool ing or  
e x t r e m e  h e a t  s tress,  due  to  s u d d e n  changes  in t e m p e r a t u r e ,  
w indspeed  a n d  h u m i d i t y ,  cause  a n  increase  in  compla in t s .  
I t  is also k n o w n  to  m o s t  c l in ic ians  a n d  t u n g  specia l i s t s  t h a t  
a s t h m a t i c s  a re  v e r y  sens i t ive  to  s u d d e n  changes  in  t h e  
t h e r m a l  e n v i r o n m e n t .  I t  is t he re fo re  logical  to  a s sume  
t h a t  t he  t o t a l  t h e r m o r e g u l a t i o n  eff ic iency of a s t h m a t i c s  is 
~lot v e r y  great .  

I n  o rder  to  t e s t  t h e  degree  of t h e r m o r e g u l a t i o n  effi- 
c iency  of a s t h m a t i c s  a n d  o t h e r  d iseased subjec t s ,  we de- 
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ve loped  a s imp le  w a t e r  b a t h  t e s t  (TRo,~IP~). I t  could  be  
d e m o n s t r a t e d  t h a t  t h e  p e r i p h e r a l  p h e n o m e n a  o b s e r v e d  
d u r i n g  t h i s  t e s t  in  t h e  lef t  h a n d  (see F igu re  1) are  n o t  on ly  
local ly  con t ro l l ed  p h e n o m e n a  b u t  t h e y  a re  con t ro l l ed  b y  
h i g h e r  b r a i n  cen t res  (TRoMPs). Low pressure  c l ima t i c  
c h a m b e r  s tud ies  in  t i le  B iometeoro log ica l  Resea rch  Centre ,  
Leiden,  s ince 1960, h a v e  s h o w n  t h a t  a n u m b e r  of phys io-  
logical  changes  occur  b o t h  in a s t h m a t i c s  a n d  h e a l t h y  sub-  
j ec t s  above  a s i m u l a t e d  a l t i t ude  of 1500 m. (bu t  n o t  be-  
low), w h i c h  equa l s  a n  a t m o s p h e r i c  p ressure  of a b o u t  
634 m m  Hg.  N e i t h e r  p a t i e n t s  no r  h e a l t h y  sub jec t s  k n e w  
the  a l t i t u d e  to  wh ich  t h e y  were exposed  in t he  low pres-  
sure  c h a m b e r .  

Be low t h e  a l t i t u d e  of 1500 m long t e r m  effects  h a v e  
been  r e p o r t e d  f rom h i g h  a l t i t u d e  sana to r i a ,  b u t  we h a v e  
no t  been  ab le  to  d e m o n s t r a t e  s h o r t  t e r m  effects  a f t e r  one-  
h o u r  t r e a t m e n t s  a t  a n  a l t i t u d e  be low 1500 m. Some  obser-  
v a t i o n s  d e m o n s t r a t i n g  t h e  c r i t i ca l  a l t i t u d e  b o u n d a r y  of 
1500 m are  as  fol lows:  1. I n  a s t h m a t i c s  who  are  w h e e z y  a t  
sealevel  t h e  c o m p l a i n t s  decrease  or  d i s a p p e a r  as  soon  as 
t he  1500 m level  is r e a c h e d  in t h e  low pressu re  c h a m b e r ,  
b u t  no t  earl ier .  2. P a t i e n t s  suf fer ing  f rom s l igh t  s inus i t i s  
exper ience  ser ious pa in s  in  t he  s inus  a rea  as soon  as t h e  
level  exceeds  1500 m. 3. Sub jec t s  suf fer ing  f rom d i a p h r a g -  
m a t i c  h e r n i a  h a v e  ser ious s t o m a c h  c o m p l a i n t s  as soon as 
t h e y  exceed t h e  1500 m level• 4. A n  inc reased  p e r i p h e r a l  
b lood  f low is exper i enced  b y  m o s t  sub jec t s  a b o v e  1500 m, 
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Fig. 1. Rewarming curve of the left hand of a normal healthy subject, 
with an efficient thermoregulation mechanism, after 2 min colling of 
the left hand in water of 10 °C, followed by quick drying and measuring 
of the temperature of the handpalm every 15 see with a thermoeouple 
(for details see TROM e ~). 
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Fig. 2. Same as Figure 1. Rewarming cur~e of subject suffering from 
bronchial asthma. 
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tqg. 3. Same as Figure 1. Rewarming curve of a subject suffering from 
asthmatic bronchitis. 
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Fig. 4. Mean results  of r e w a r m i n g  curves  of 60 no rma l  subjects  and  
190 asthmatic patients (total of 600 curves) recorded during water 
bath tests (TROMP3). 
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Changes in respiratory function of a girl of 14 years of age ~ after 48 low-pressure climatic chamber treatments 
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Date No. of Vital capacity Forced expiratory Forced expiratory Forced inspiratory 
climatic chamber (ml) volume (ml) vohlme (% VC) vol. as % VC 
treatments 

Maximal breathing 
capacity (1) 

4. 2.1964 0 3290 2350 71 91 
23, 6.1964 13 3900 3350 86 89 

1. 9.1964 24 4080 3380 83 89 
17.11.1964 33 4170 3636 89 100 
11. 1.1965 38 4280 4180 98 99 
21. 4.1965 48 4470 4290 96 95 

8. 9. 1965 Since 24.4. no 4420 4230 96 89 
climatic chamber 4230 

Normal values >70 

70.5 
100.5 
101.4 
108.9 
125.4 
128.7 
126.9 

108.3 

~. Height: 174 cm 

par t i cu la r ly  in p a t i e n t s  suffer ing f rom vascular  disorders .  
Above  1500 m a l t i tude  it is shown by  a rise in t empe r a -  
tu re  of t he  pa lm of the  h a n d s  and  feet. 5. A n u m b e r  of 
b iochemica l  changes  were observed  in t he  urine of a s t h m a -  
t ics  above  the  1500 m a l t i tude  level, b u t  n o t  below th is  
level (TROMP e t  al.~): Inc reased  excre t ion  of i7 -ke tos t e -  
roids,  rise in p H  and  decrease  in hexosamine  excre t ion  
(of 5 to 56 [zg/100 ml) ; blood sugar  s tudies  showed con t ra -  
d ic to ry  results ,  a l though  the  e x p e r i m e n t s  were carr ied 
ou t  a t  the  same hour  of t he  day.  i n  some ins tances  t he  
blood sugar  increased s l ight ly  (about  12-32 rag/100 ml) in 
o the r  subjec ts  a s imi lar  decrease  was  observed.  6. How-  
ever,  t h e  mos t  i m p o r t a n t  obse rva t ion  is the  i m p r o v e m e n t  
of t he  t h e r m o r e g u l a t i on  eff ic iency d e t e r m i n e d  wi th  t he  
w a t e r b a t h  t e s t  5. I t  is only  observed  above  the  1500 m 
a l t i tude  level, b o t h  in a s t h m a t i c  and  hea l t hy  subjec ts  
(Figures 1-5). 

The mos t  in te res t ing  p a r t  of th is  obse rva t ion  is t h a t  
a f te r  a series of low-pressure  c l imat ic  c h a m b e r  t r e a t m e n t s ,  
each  las t ing  1 h a t  s imula ted  a l t i tudes  > 1500 m, t e m -  
pe ra tu re  of 15°C and  re la t ive  h u m i d i t y  of :t: 50%, the  
a s t h m a t i c  p a t i e n t  becomes  so r e s i s t an t  to  t he rma l  changes  
in t he  e n v i r o n m e n t  t h a t  t he  a s t h m a  a t t acks  are e i ther  re- 
duced  cons ide rab ly  or m a y  d i sappear  comple te ly  if the  
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Fig. 5. Improvement of the thermoregutation curve of an asthmatic 
patient after a series of simulated high altitude (6000-7500 ft) treat- 
ments of 1 h each, in a low pressure climatic chamber, with tempera- 
tures of 10-15°C, realtive humidity of 50%. 

n u mb e r  of one-hour  t r e a t m e n t s  exceeds  80-100 high alti-  
tude  t r ea tmen t s .  I t  is even  more  surpr is ing t h a t  a f te r  the  
thermoregula t ion  eff ic iency becomes  normal  again i t  re- 
mains  normal  for ve ry  long periods,  t he  longest  follow up 
being 6 years  (TROMP and  BOUMA6). 

Apar t  f rom these  i mp r o v e me n t s ,  an i m p r o v e m e n t  of t he  
resp i ra tory  func t ion  (Table) can  also be obse rved  and  an  
increase in t he  cor t icos te ro id  excre t ion,  which is usual ly  
far below normal  in a s thmat i c s .  

Summarizing,  it  can be s t a t ed  t h a t  t he  m e t h o d  des- 
cribed can be successful ly appl ied  to  o the r  diseases cha-  
racter ized by  a poor  t he rmoregu la t i on  efficiency, such  as 
rhinitis,  rheumat i c  diseases,  per iphera l  disorders ,  etc.  
(TRoMI~7,8). The deeper  physiological  mechan i sms  invol- 
ved in the  long- term i m p r o v e m e n t  of the  t he rmoregu la t ion  
efficiency are stil l  unknown,  bu t  bo th  the  improved  blood 
circulat ion in the  h y p o t h a l a m u s  a t  h igh  a l t i tude  (as de- 
mons t r a t ed  in animals)  and  the  phys ico-chemica l  effects  
of the  resp i ra tory  cen t re  in t h e  bra in  on t h e  compos i t ion  of 
the  blood pass ing the  h y p o t h a l a m i c  area, m a y  be respon-  
sible for these long t e r m  changes.  

Zusammen/assung. Nachweis ,  dass  vor  al lem a tmos-  
ph~rische Abkt ih lungsfak toren  Asthmaanf/~lle ausl6sen 
k6nnen  und dass der  mensch l iche  Organ i smus  t iber e iner  
kr i t i schen H6he yon  1500 m gegen solcbe T e m p e r a t u r -  
reize weniger  empf ind l i ch  ist. P e r m a n e n t e  Besserung nach  
wiederhol ter  H 6 h c n b e h a n d l u n g .  
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