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1. Introduction 

The process of  aging in  h u m a n s  has two aspects: 1) wi th  
increasing age the traces of  illnesses, accidents  an d  inju-  
ries increase. All  such traces can, in  a way, be considered 
as scars. 2) Absence  of  illness or injuries  c a n n o t  s top the 
process of  senescence which starts in  the thi rd  decade of  
life. Wi th  advanc ing  years m a n y  changes in the body  
occur:  decrease of  endurance ,  o f  muscu la r  power,  of  
pulse f requency - at rest a n d  especially u n d e r  stress - and  
of  the metabol ic  rate;  an  increase of  the systolic b lood  
pressure and  of  the occurrence of  degenerat ive rheumat ic  
diseases, etc. Physical  t ra in ing  m a y  delay the aging pro-  
cess bu t  c a n n o t  s top it, 
I t  is evident  tha t  these physiological  changes in  the aging 
process mus t  affect the react ion of  the o rgan i sm to the 
physical  e n v i r o n m e n t  a n d  thus  to meteorological  influ- 
ences. However ,  s ignif icant  research on  the impact  o f  the 
e n v i r o n m e n t  on  the senescent  o rgan i sm is scarce. 
The  results o f  the studies reviewed below are largely 
based on  l abora to ry  tests an d  less o n  observat ions  of  
direct meteorological  effects. Nevertheless,  they m a y  be 
of  use for future  research on  the effects of  weather  and  
cl imate on  the aging organism.  

2. Influence o f  weather on old people 

Accord ing  to F aus t  s, who carried ou t  a s tudy in  Basel 
(Switzerland),  20 % o f  young  people less t han  20 years 
old considered themselves weather-sensi t ive;  in the age 
group  of  20-60,  30 % ;  and  in the age group  above 60 it 
was 40 %. Females  are more  sensitive to weather  changes 
t h a n  males,  especially du r ing  the c l imacter ium. 
Weather-sensi t iv i ty  obvious ly  increases wi th  age. These 
subjective reports  are in  line with the studies of  D a u b e r t  
a n d  SchuberP,  on  mor ta l i ty  in  the Univers i ty  Medical  
Cent re  of  T i ib ingen  and  in  Baden-Wi i r t t emberg  f rom 
1953-1956. They  found  for the age group  over 60 a maxi-  
m u m  mor ta l i ty  du r ing  active w a r m  fronts  a c c o m p a n y i n g  
a tmospher ic  low pressure,  and  a m i n i m u m  with a tmos-  
pheric high pressure. 
The seasonal i ty in mor ta l i ty  with a m a x i m u m  f rom 
Janua ry  to M arch  and  a m i n i m u m  in September  was 
conf i rmed in  this study, a l though  it  was only  p r o n o u n c e d  
in  old subjects, no t  in  the young.  A t  a daily level a differ- 
ence was found  as well: old people  often died between 
05.00 and  07.00 h whereas the t imes at which younger  
subjects died were ra ther  evenly spread over the day. As 
the weather  itself is n o t  pathogenic ,  a possible explana-  
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tion could be that existing complaints are aggravated, 
which can result in critical conditions (myocardial infarc- 
tions for example, in cases of coronary insufficiency). In 
periods of recuperation after illness old subjects are more 
weather-sensitive than younger ones. Scar pains during 
changing weather conditions are well-known. 
Polypathia (multimorbidity) plays a role as well 9'~~ Schu- 
bert found that 5 % of the age group over 70 suffered 
from two different disorders, 20 % from three, and 75 % 
from four different disorders or more. A detrimental 
effect of weather conditions could therefore have a 
greater impact on old people. Their wish to stay in 
climates with very few passing depressions and long last- 
ing high pressure periods is understandable. 
Whether a stay in a favorable climate prolongs life is 
difficult to prove, because factors of genetic, social and 
cultural character interfere. The studies of Leaff are inter- 
esting in this respect; the tribes he studied are distin- 
guished by a high life expectancy and an unusual number 
of 100-year-old tribesmen, despite the fact that they live 
in remote, high altitude regions (Caucasus, Kashmir, the 
Andes in Equador). The climatic conditions in those 
areas are harsh, though probably more equable than in 
the plains of middle and northern Europe. 

3. Cold resistance in old people 

Is is well-known that old people are less cold-resistant 
then young people; they sense the cold quicker. Extensive 
research has demonstrated that the physical thermoregu- 
lation effected by the blood circulation diminishes or 
partly stops with progressing age. Peripheral vasocon- 
striction as a protection against heat loss is considerably 
restricted. This could explain the average high skin-tem- 
peratures of the feet after cold exposure compared with 
young subjects. The blood flow in the skin is higher in old 
subjects and after a cold foot-bath the warming up of 
their skin is quicker 23. Consequently, the common com- 
plaint of  old people of having cold feet could be less the 
result of the absolute skin temperature than of an in- 
crease of  the sensitivity of thermoreceptors due to senes- 
cence, provided that no organic circulatory disorder ex- 
ists. 
The increase in muscular tone of the main arteries is 
considerably less than in young healthy people; we found 
a 6 % rise in pulse wave velocity measured in the femoral 
arteries after intensive cold exposure in old subjects, com- 
pared with a 15 % rise in the young 23. 
In cold pressure tests a group of people over 60 reacted 
with a small increase of the diastolic blood pressure; in 
the young group it was twice as high, reflecting a stronger 
peripheral vasoconstriction; also, the increase in the 
systolic blood pressure and decrease of the skin tempera- 
ture after a 2-rain immersion of the hand in water at 5 ~ 
was less. The centralization of the amount of circulating 
blood during cold exposure is diminished or has partly 
stopped in old people. 
Based on many studies an explanation could be that the 
deficient physical protection against heat loss in old peo- 
ple is compensated, at least partly, by an activation of the 
chemical heat production. Shivering as an indication of a 
stronger muscular heat production begins at an earlier 
stage, and with higher body temperatures, in old subjects 

than in young; in a cold environment they tend to tachy- 
cardia, young subjects to bradycardia. 
Anaerobic metabolism is probably involved in the onset 
of the cold-induced increase in heat production, because 
in old subjects a stronger increase was found in the lactic 
acid level of the blood 22 whereas the oxygen intake was at 
a lower level than in young subjects. 

4. Heat resistance in old people 

In a warm environment the organism regulates its heat 
production by vasodilatation in the skin and extremities. 
The heat loss is effected by contact and convection, radia- 
tion and evaporation, whereby evaporation of sweat is 
the most effective. Lind et al. z6 were able to demonstrate 
that in the aging organism the onset of sweating is re- 
tarded and the quantity is reduced; the aging organism is 
not able to increase the peripheral blood flow. As a result, 
a significantly sharper rise in skin temperature is found in 
a dry-heat environment, compared with young subjects 28. 
Comparing skin temperatures and peripheral blood flow 
it was found that the peripheral blood flow in hands and 
feet after heat exposure was only 35 % in the age group 
50-71 ; for 20-30-year-olds it was 80% in the foot and as 
high as 200 % in the hand 23. 
The pulse-rate of elderly people (average 52 years old) 
after 12 rain in the sauna (90 ~ on the average 
to 94/rain, in students it was 105/min. With a similar heat 
stress of  +0.8~ rectal temperature, the values for 
children of 1-6 years of age was 110/rain; for babies 
150/min 1. The diastolic blood pressure in old subjects 
decreases less than in young subjects during heat expo- 
sure, which could be explained by diminished vasodilata- 
tion". The protective mechanisms of the organism 
against heat stress are generally reduced in their function- 
ing 15. The body temperature during heat stress rises at an 
earlier stage and to a higher level in old subjects, com- 
pared with the younger ones. This means that old people 
doing physical work in a tropical climate have a higher 
chance of heat stroke because of a less adaptive blood 
circulation. A positive feature of this deteriorating circu- 
lation with insufficient vasodilatation is the reduced 
chance of orthostatic collapse 29. 

5. High altitude and old age 

The existence of cable cars makes traveling to high alti- 
tudes (to 4000 m in the Alps) possible nowadays also for 
old people. Experience shows that altitudes of 2000-4000 
m can be endured by the aged. According to mountain 
guards, collapse, for example on arrival, occurs far less in 
old than in young subjects (Inama, pets. comm.). Haus et 
al. 13 found in young people immediately after ascent a 
vagotonic deterioration in the circulation, with bra- 
dycardia and a decreased blood pressure, followed for 
several hours by a sympathicotonic induced circulatory 
reaction with tachycardia and an increase in cardiac out- 
put. The occurrence of collapse in young subjects may be 
explained by a overreaction of the first phase of these 
circulatory changes. In elderly persons this phase of 
vagotonic change was not found 22. 
Ergometric tests at 400 m and 3000 m with healthy old 
subjects 2~ showed that after 3 h at high altitude the pulse 
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frequency and systolic blood pressure under physical 
stress differed significantly from those found at 400 m. 
Changes which were similar, though tested at higher 
Watt levels, occurred in young, healthy subjects at a 
lower level of 1800 m. 12 
In the old subjects, on the other hand, a remarkable 
increase was found in heart rhythm disorders. During 
and after ergometric tests at 400 m, only in one of the 
fourteen old subjects were four ventricular ectopic beats 
registered, whereas after 3 h at 3000 m, 273 were mea- 
sured in 5 subjects. Swiss scientists found in students at 
3500 m a tendency to arrhythmia, though not to the same 
extent. This might be caused by the essential higher ad- 
renalin and noradrenalin levels of the blood induced by 
hypoxia under physical stressL 
Non-cardiogenic pulmonary edema is found almost ex- 
clusively in young people; Hultgren et al. ~9, in a detailed 
study, found that of 41 cases, 15 were less than 10, the 
oldest was 40 years old, and the average age was 16. This 
might be explained by the findings of Bolt et al. 3 in 9 
healthy subjects aged 61-82 years. In hypoxia tests, under 
conditions comparable with those at an altitude of 4000- 
5000 m, it was found that the pulmonary arterial pressure 
did not increase, but in general decreased from 27/12 to 
20/9. One 82-year-old subject showed a decrease from 
29.7/10.9 to 27.8/11.4 mmHg. It is generally assumed that 
the rise in pulmonary pressure is a reaction to hypoxia, 
resulting in a better circulation in the lungs. While this 
effect in old peopl e is reduced or even absent, in young 
people it can cause a overreaction leading to pulmonary 
edema. The pulse frequency in old subjects increased 
during hypoxia only to an average 80/rain, in young 
subjects to 90/min? ~ Dill et al? found a decreased vital 
capacity soon after arrival at 3800 m in 30% of 80-year- 
old subjects; this effect had not been found in the same 
subjects sixteen years earlier. 
On the basis of these studies it seems evident that old 
people react less to high altitude than young ones. The 
hypoxia-induced incidents in the latter could be ex- 
plained by an overreacting organism, while in old people 
they could be the result of the provocation of a patho- 
genic condition, for instance heart rhythm disorder. 

6. Acclimatization 

Whether the aging organism has the same ability to adapt 
to unusual climatic conditions as the young one has not 
been sufficiently studied. On the other hand, despite the 
observed overreaction, young people can acclimatize ulti- 
mately. 
Physical training improves the condition in old people 
also16'lL Dill et al. 6 found according to the maximum 
possible oxygen intake during their ergometric tests at 
3800 m, that subjects up to the age of 71 show clear 
indications of hypoxia acclimatization after 4-6 weeks 
stay. 
Robinson et al. z7 tested 4 subjects under heat stress on a 
tread-mill (40 ~ 25 % RH). The average age was 30. The 
same subjects were tested 21 years later under the same 
circumstances. According to pulse-rate under physical 
stress, the rectal and skin temperatures and the acclimati- 
zation to heat were unchanged compared with 21 years 

earlier. Only the quantity of sweating was slightly re- 
duced. 
The results discussed here are not sufficient to establish 
the extent of adaptation of the aged organism to climatic 
stress. In our opinion, however, there is no doubt that 
this adaptation diminishes with advancing age. 
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The fascination exerted by the regions around the Medi- 
terranean on elderly people living in western and central 
Europe has given rise to two forms of residence: seasonal 
residence, continuing the tradition of winter holidays, 
and permanent residence, as more and more elderly peo- 
ple move to these areas for their retirement 12. This second 
form is still restricted to the northern shores of the Medi- 
terranean, but the holidays of  senior citizens are now 
often directed to North Africa, particularly Tunisia. In 
both cases the motives are numerous, but almost always 
the pleasant weather conditions and the desire to evade 
the harsh winters of the North are decisive. In short, 
everyone expects that the climate near the Mediterranean 
assure pleasant conditions and good health. 
But is reality not sometimes quite different from the ex- 
pectations and the transfer therefore accompanied by 
bitter disillusionment? In other words: is the Mediterra- 
nean climate really suitable for elderly people ? The answer 
to this question implies a discussion of the biological 
peculiarities of elderly people in relation to climatic con- 
ditions. Then, three questions must be asked: 1) has the 
Mediterranean climate a favorable effect on the physiolo- 
gical stability of aging organisms? 2) has it a beneficial 
influence in relation to the most common diseases of 
people over the age of sixty? 3) does it provide a delay, 
however short, of the end of life? Of course, this threefold 
analysis will not provide a simple answer. But it might 
help to produce a better realization of the strong diversity 
of  the Mediterranean area, even if we limit ourselves to 
the southern parts of Europe and to northern Africa, 
excluding thereby the Near and Middle East, to which 
few elderly people migrate. Other areas with climates of 
the Mediterranean type are also excluded. These are Cali- 
fornia, which seems to have a similar attraction for re- 
tired people, Central Chile, Southwest Australia and the 
Cape region in South Africa. 

1. Specific physical reactions of elderly people towards 
climate 

Though it sometimes seems otherwise, no living organism 
remains the same with time; time changes all that lives. 
The question here is whether the changes accompanying 

old age affect the capability to adapt to a new climate or 
to the variability of a present one. Surprisingly, two en- 
tirely opposite viewpoints exist in answer to this question. 
The first one is proposed by Nicolas 25. He sees old age as 
a period of reduced susceptibility to the exterior environ- 
ment. The organism defends itself better and better, as 
the years go by, against attacks from the outside. This is 
because the biological processes have a typical rhythm 
for each age. In children the speed of these processes is 
high, as the body goes through a multitude of reactions 
and adaptations. But the opposite happens in old age; the 
body processes are slow and there are few evolutionary 
phenomena. Therefore the difficulties of adaptation are 
reduced; atmospheric changes do not interfere with inter- 
nal evolutions, because they have largely different fre- 
quencies. 
Moreover, it is well known that the human body reacts 
only to exterior influences if a certain threshold of excita- 
bility has been reached. These thresholds are at a low 
level in children, whose biological regulatory systems are 
easily disturbed, but their level increases with age. There- 
fore, according to Nicolas 25, a climatic stress which forces 
the body to readjust quickly will be severely felt by young 
children, but will have little effect on elderly people. 
Unfortunately, research during the last 25 years on the 
forms and mechanisms of aging has taught us that these 
ideas are illusory 6'n,32. It is true that the physiological 
speed of internal processes follows the described se- 
quence, but at the same time the body deteriorates, al- 
most imperceptibly, and it becomes more and more vul- 
nerable. The combination of senescence, difficulties of 
existence and the development of degenerative diseases 
causes serious and irretrievable transformations which 
result in a stronger submission to the exterior environ- 
ment 7. The defence mechanisms of the old body become 
less and less vigorous and their reactions less predictable, 
and the organism therefore restores itself more slowly 
and with greater difficulty than when it was younger. 
Some authors feel that the best period to adapt to new 
climates, or to adjust to climatic stress, is between fifteen 
and thirty or forty years of age TM. 
Under these conditions, the constitutional fragility of 
elderly people makes it desirable to submit them only to 


