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RESUMO

ASTRAND,F. -0, For gue fazer esercicios? Revista Bra
silgira oe Cléncia e Movimento, vol. D&, 03, pp
25-37, 1992,

& profurciada plasticidede e adeprabilidade nas
Praprisgaces funclonals e estruturals das células,
tecldes e sistemas orghnicos do corps humano cuando
expostos a estimulos diversos. Enguanto hd corenr —
gincia undnime de gue € essencial kaver exercieios
fegulares para funcionamento perfeito do corpo Fuma
no, hi tamodm, fatores extrinsecos evidentes, como
dieta e Nibitos oe exercicios fisicos, oue se refle
Lem nas estatisticas ge doencas & mortalidace, em
especlal entre os loosos. O erwelhecimento estd as-
sociaoo obrigatoriamente b recuglo daenergis mixims
aeTdoics e & reducdo da forge muscular, ou seja, &
redugdo de forma fisica. Como decorréncle dadisinud
§80 03 tolerfnrcia de exercicios fisicos, um nonero
crescents g2 jdosos estd vivendo abalxo, no, ou pou
e acima dos patamares ca habilidade fislca, bastan
d: aperas uma ligeira doence para os tornar comgle-
tamente cependentes. 0 trelramento fisico pode produ
Hr melhoras profundass e imediatas das Furglies essen
clais para 3 forma fisica na velhice. A adaptacBo &
stivicade fisica regular ajuds @ diminuir o rospimen
Lo co "niliey interieur™ da célula e redur muito o
Cansagn, @umentando, Gesse modo, o desempenho e &
ECONOMiS o produglo energética durante oexercicio.

UNITERMOS = Treiramento, Erwelhecimento, OUimizacio
de Fungles, Fisiologia oo Exereicio.

ARSTRACT

ASTRAND, P, -0, “Why exercise? Brazilisn Jourrs] al
Science and Movesent, vol. 08, re O3, po 25-37, 1992,

There is a pronounced plasticity ang agaptaoility Ir
the structural and‘or functioral properties of cells,
tissues, and organ systems §n the human body wner
exposed to various stimuli., wnlle teece is unanimoys
sgreement that regular exerclse §s essertial for
aptimal function of the human body, it is eviocent
that extrinsic factors, such as diet ard  exercise
habits, are reflected in the morbidity andmortality
statistics, especially im the aged, iglng Is
obligatorily associated with reducec maxims] seroblc
Dower and reduced muscle strength, 1.e., with reducec
ehysical fitness. 45 a conseguence of  diminishes
exercise tolerance, a large and Increasing numoer of
elderly persons will pe living below, at, or Just
above "thresholds® of physical ability, needing only
& minor jntercurrent illness to pender tramcompletely
dependent .| Physical training can reanily produce a
profound improvement of functions essential for
physical fitness in old age, Adaptability to regular
physical activity serves to cause less disruptionaf
the cell®s ®ailieu interieur® and minisizres fatigue,
thereny enhancing performance and the economy of
energy output during exercise.

UNMITERMS - Exercise Training, Aging, Optimal Funct ion

Exercise Physiology.

An important question to ask is "k
hes & subdiscipline titled ‘exercise
physiology' developed?" As a physiologist,

(*) Palestra de abertura XvIIl Simpdsio Internacional ce Cibncias do Esporte.
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The S=ientifie Committee would like to
infarm that due to technicel problems
the tramslation in Portuguese of Muhy
Exarcise" will be published in the next
numaer T(1), 1903,

The Scientific Committee would like to
thanx for the possibility inpublishing
the Muhy Exercise" im Brazilien Journal
of Science and Movement by American
ollege of Sports Medicime.

0 Comit& Cientifico gostaria de infor=
ma-los cue devido a problemas técnicos
3 tradugEo em portugués do "Por gue
fazer exercicios"? sera publicada no
no proxima ndmero 7(1), 1993,

0 Comit& Cientifico gostaria de agrade
cer pela opssibilidade de publicagao
do "Por gue fazer exercicios"?naRevis
ta Brasileira de Ciéncie e Movimento
pele Celégio Americano de Esportes e
Medicimna.

it is a pleasure to guote Starling: "The
physiology of today iz the medicine of
tomarrow,” Therefore, physiologists should
be a basic science group that uses the most
advanced technology to understand  both
the normal function of living systems and
also the mechanisms of diseases. The study
of the normal human individual provides an
important baseline for the study of disease.
There iz & defimnite trend that neu
gscientific frontiers like molecular
biology, genetics, immunology, developmen
tal biology, and neuroscience dominate
both in research and in teaching medical
students,. It is, howsver, the physiologist's
responsibility to convert ths lifelass
piecas of molecular and cellular biology
inta whole living systems. Morgan (34),
formar president of the ﬁrer:.cmn-rg-amln;iml
Socliety, emphasizes that:

The research approach that is taken should not
impact on the abllity of the physiologist to  teach
a broad-based course in human physiology to medical
students. Those physlologists who work at the systems
lewel must be Tully aware of advences at the cellular
and molecular level, whefeas those who work an
malecular mechanisms must be able to integrate their
data into a model af systemic function.

In my opinion, "axercise phvaiology®
is From thess viewnoints particularly
important becauwse an exercise situationin
various enviromnments provides & wnigue
opportunity to study hou different Functions
are regulated snd integrated. In fact,
most Functions and structures are in  one
way or another affected by acute and
chromnie (i.e., in & training program)
exercises. Therefore, exarcise physiology
is to 8 high degree an integrated science
that has s its goal the identificatiomof
the mechanisms of owverall bodily Ffumction
and its regulation. It is regrettecle that
50 Feuw pages in standard textbooks af
physiclogy for medical students are devoted
to discussions of the effects of exercise
on different functions and structures.
Thay may explain uhy 8 majority of ohys =
iciams do not recommend ragular physical
activity!

& reviews of some Ffactors af key
importance in exercise situstions Follows:



f-? REVISTA BRASILEIRA DE CoENCIA E MOVIMENTO, WD INK

LIMITIMNG FACTORS FOR MAXIMAL
AERDOBIC POWER

Symmorphosis. For am individual®s
gerobic performance the maximal oxygen up
ftake iz decisive. However, im prolongad
gxercise the awailability of substrates
far the oxygen = consuming metabolism is
gother factor to consider, as well ss the
mvemgnts. During this comtrury muech research
haz been devoted to analyzing whether a
particular step in the oxygen cascade From
guironmental air to the mitochondria in
the skaletal muscle is the limiting factor,
these include: pulmonary ventilation,
pulmonary diffusion capacity, pulmonary
wntilation, pulmonary diffusion capacity,
cardiac output, oxygen diffwusion From
glood to the mitochondria, and the quantity
of oxidizing enzymes in the mitochondria.

Weibel and Taylor (61) have presented
& "common sense" hypothesis that, if
egnimals are built reasonably, they should
tuild and maintain just emough, but no
mara, structure thanm thay need to meet
functional requirements ("symmorphosis").
They noted that maximal oxygen uoptake
waried with the 0.8 power of body mass.
fhus, a 30 g mouse consumed per unit body
migs & times 8s much O; as a 300 kg cow.
This difference in metabolic rate was
matched by & similar difference im meta=
wlic rate was matched by a similar
fifference in mitochondrial wvolume in
skeletal muscles. However, larger animals
mve structurael cepacities of the pulmonary
gystem that axceeds the demand for 0O;
transport. The link, or symmorphosis,
stween lungs and muscles was not included
in this early study (61). In 1887, Taylor
#d coworker {56) published reports in
shich "athletic™ animals (dogs and ponies)
wre comparad with sedentary animals of
the same size (goats and calvyes). The ratio
of meximal oxygen uptake to body mass far
the more "athletic" animals, and their
total mitochondrisl volume, wes about 2.5-
fald higher than the corresponding values
for goats and calvas. The calculated max-
imal oxygen uptake per ml of mitochondria
ugs therefore independent of the aerobic
mtential of the animal. They concluded
that all Four species were opereting close
ko their uwpper limit for convective trans
part of axygen im the circulatory syatem,

27

In addition, they noted a 2.5-Fold higher
rate of 0, transport with contribution From
both cardiac output (stroke volume) and

arteriovenous 0, difference (the more
aerobic species had a higher hemoglobin
concentration) im the more "athletic"

animals. These studies provide soma support
to the concept of symmorphosis in0, trans
port, owing to both strctural snd furctional
adaptions (30).

WUhat is the situation in humans? At
present thare is general agreement that
the central circulation of the human limits
the maximal oxygen uptake during exerciss
in which large muscle groups are Lnvolved.

There is a high correlstion betusen
this maximum and meximel cardisc oubput
times oxygen concentrations of the artarial
blood {cau;}‘ Arn scute increasse in EEEG;'

e.g., by elevation of the hemoglobin con-
centration or by oxygen enrichment of the
inspired air, will increase the maximal
cardiac output and O; uptake (s=e refs.d,
pp. 183-185; 9,30}, Evidently the mito =-
chandrial potential to consume oxygen nor
mally exceads the capacity of tre circulstion
to provide oxygen. Saltin (45) has caloglsted
that tha potential of human skeletal muscle
in terms of blood flow is 2.0-2.5 1.kg-1.
min=1 under normoxic conditions. During
maximal exercise the oxygen uptake is
approximately 0.35 1.kg=1.min=1. B parson
with a total skeletal muscle mass of 30 kg
(body mass 75 kg) would, with all muscles
activataed at meximal aserobic rate, require
a bloaod Flow of 60=751.min=1 to the muscles
alone, However, a realistic maximal cardiac
output im this person would be 20-25 1.mim1
including @ blood Flow to nonmuscular
tissues of, say 4 1.min=1. R similar cal-
culation of the potential to teke up oxygen
by 30 kg of muscle mass would give some
10.5 1.min-1 as compared with & "normal"
maximal ssrobic powsr of 3=4 1.min=! iman
untrained to moderately treined young
imdivigual when running. How large a
muscular mass with meximal blocd fFlow can
be activated to create & maximal demand on
the cardiac output? Again, waing Saltin's
figures (45) and making allouwsnce Ffor a
bload Flow of 4 1.min=! to other tissues,
tha exercising muscle mess would be approxi
mately B kg, With & larger muscle mass
engeged wvasoconstriction must occur in
those B kg of muscle toc sallow for an
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increased bDleood flow through the additional
muscle mass activated. Im fact the peax
oxygen uptake in leg exercise: [cycling)
and combined armand legexercise (cranking
plus cyecling) is approximately the same.
Actually with the armexercise superimposed
an the leg exercise, vascocomgtriction occurs
and blood flow in the leg muscles is
reduced. Similarly, when during maximal
one=legged exercise the other leg also
starts exercising, there is a reduced blood
flow in the "first" leg (the muscle mass
involvad in the one=legged exercise amounts
to 7=8 kg in a man of body mass 73 kg (45).
It should be emphasized that &the heart
weight in humans is only 0,3=0.4% of the
body mass, 0.7-0.8% in the dog, and 0,8 -
1.0% in the horse ([45).

In conclusion, the oxygen supply to
one large muscle group of activated muscles
is limited by vasoconstriction uhen another
large group of muscles is exarcising
simultaneously. By this adaptation the
arterial blood pressure can be maintaimed
at an adeguate level. With a large muscle
mass activated in vigorous exercise the
central circulation limits the whole body
oxygen uptake, On the other hand, beyond
a certain power cutput invelving large
muscle groups, the local peax oxygen up=
take is limited by peripheral factors, i.
e., by vesoconastriction, The muscle groups
"steal" blood Flow and oxygen supply from
each ather. 5o, when wvascular conductance
excaads cardiac pumping cepacity in  the
sayare exercisa, both muscle chemoreflexes
and arterial baroreflexes must maintain
blood pressure by wasoconstricting active
muscle (44).

Apothar conclusion i= that the sym =
morphosis concept is not  applicable to
numans. [t was mentioned that the maximal
cardiac ocutput did not match the 2.5-fold
nigher masimal oxygen uptake in "athletic"™
animals. Thanks to their higher Hb-concen
tration, awidening of the a=v 0 difference
could support the cerdisc output for an
efficient 0z transport. However, "athletic"
endurance trained humana charascterized by
high maximal asrobic power heve, if any-
thing, a submormal Hb=concentration (4,p.
452). The results from animal expariments
cannot aluays be applied on humans.

Can maximal asrobic power be trained?
It is not necessary to activate the total

skeletal muscle mass in order to train
central circulation. On the other hand, by
engaging large muscle groups the perceived
gxertion at & given axygen uptake and heart
rate is modest as comparad with anactivity
invalving the reguirement of small muscle
groups, A training program including
intervel or contimuous exercises at  S0%
{beginners) end up to some EDX of maximal
asrobic power for 30-40 min three times
per week can effectively incresse stroke
yolume and, tharefore, maximal cardiac
putput by about 15% or maore, albeit with
large individusl variations {39,82).
Actually, Hsushard et al. (B) report that
in their studies 77% of the wvariance in
the training response in maximal aerobic
power seemed to be genotype - depandant.
Their subjects were monazyootic twing,
Those who with a given training pQrogras
improvad less than 5% were about 5% of a
sedentary population. About 5% of the popy
lation fell into the category that improved
thair maximal serobic power by 60% or mora.
In extreme situations ome can Find large
variations in maximal oxygen uptake: After
1 uk bed rest this maximum averaged
1.74 1.min=! in thrse subjects: them,
after 50 d with intansive training, it had
almost doubled to 3.41 1.min-1 {4,p.842).

Aging. From cross-sectional studies
it is concluded that there is adeclinein
meximal oxygen uptake smounting t0 0.5 -
1.0% per year. However, 8s has besn reported
the degree of habitual physical activity
and heredity can markedly affect  this
maximum (32},

LIMITIMG FACTORS FOR
MAXIMAL ENDURANCE

Untrained persons with maximal oxygen
uptake of 2.3 1.min=1 may be able ta
exarcise at 30% of their maximum For sofé
20 min. If after a period of training they
have raised their meximal aercbic power to
3 1.min=1, the submeximal rate of cxygen
uptake of 2.25 1.mim=1 will only demand
75% of this new maximum. The trained perscn
can tolerate this metabolic rate for some
90 min, i.s., there is & 4.5=-Fold improve
ment of endurance that most likely is n
limited by the oxygen transport system, [t
is more likely that emptied glycogen stores
are the limiting factor. With a glycogens
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z3ving, training-induced, irmcreased utiliz
aticn of fres fatty acids (FFA} as a
substrete for activated skeletal muscles,
the performance time at 75% of maximal
serohic power will be longer than whan a
gimilar relative rate of exercise was
mairtaimed before training.

Numerous studies have demonstrated a
significant increase in mitochondrial den
gity #s a consequence of aerobic training
vith & preoportionate increase in mito
chondrial enzymes (7,20). IF one expresses
skpletal muscle's oxidative capacity for
g sedentary individual in 1 “unit," thae
gndurance trained elite athletas have a 3
"unit" capacity. In 2 rabbit muscle, 3=5
e of chronic electric stimulation with a
frequancy of 10 Hz can bring the capacity
up to & "units.™ In a leg subjected. to
encasement in plaster, the activity may
drop to 0.7 "onits" (20). From these dats
ug can conclude that with asrobic training
there is a shift in the trained skeletal
nuscle to greater reliance on oxidative
metabolism to provide energy fFaor ATP
resynthasis.

An  increase im capillary density
redues the distance between blood andcell
intarior, which enhances the exchange rate
of gases, substrates, and metabolites.The
csurface area available for this exchange
zlso increasas. With more capillaries ina
given tissue volume, more blood can  Flow
through tha vascular bed per unitof time.
The mean transit time (MTT) is increased,
which allows a more complete exchange of
material. The primary advantage of high
capillary density is highly endurance
trained muscle is probably that it allows
for an adequate MTT at high Fflow rates,
thareby promoting a more complate exchange
of materiala {ﬂE?,

The physiological site of the action
of the snzyme lipoprotein lipase (LPL) i=
in the luminar surfaces of the capillary
gpithelium. With an imcreased capillary
bed, more binding aites for LPL will be
available. This may fawor the provisionof
FFA to the muscle, because the degradation
of triglyceride-rich particles depends
largely onthe activity of LFL. In addition,
tha activity of LPL alsa transfers more
surface meterial into high density lipopro
teins (HOL). This mechanism may explain
the slevated plasma HOL concentration

noticed in endurance-traimed individuals
(15,26), and may be one factor of many
behind the observation that habituwsl physi
cal sctivity seems to reduce the risk for
coraonary heert disease.

LIMITATIONS IM MAXIMAL STREMNGTH

With age thare is a decrease in muS=
cle strength that seems to parallel the
recuction in mecle mess. This age=-associated
loss of muscle fibers is related toa loss
of 4 =motoneurons (Z). The force-generating
capacity of residual contractile material
iz, however, unaltered. It should be noted
that there are normally no signs of degen
erated fibers in the aging muscle and the
Fiber composition is relatively constant,
independent of age. However, the mnuscle
Fibers par motor unit have been reported
to increase, which is interpreted as a
reduction in sotoreurons, partly compensated
for by peripheral sprouting from "healthy"
nerve terminals and thereby a reinnervation
of muscle fibers thet lost their original
motoneurons. To what extent activation of
the muscles can promte rerve Fiber sprouting
is unkpown, In this context it is of
interest to not that 24-month=old rats who
had been submitted ta strength training
for 5 months had 14% more muscle Ffibers
than nontraining controls (28).

When starting a8 strength=training
program, a 20-40% increase in strengbh may
pccur during the first weeks, without a
noticeable increase in the cross-sectional
area of themuscles involved. This suggests
a mare efficient activetion of the muscles.”
With continued strength treining there is
an adaptive hypertrophy exclisively  achieved
by &n increase in fiber size without
increase in the number of muscle Fibers
{31). It is remarkaole that as little aa
a 6=s isometric contraction repeated Five
times, three times per wesk can prevent
loss of muscle mass and muscle Function
during periods of recowvery from injury
with joint immobilization (5).

Fiatarone et al. {14) studied nine
frail, institutionalized voluntesrs 90 yr
old (range B7-968) who undertook B uwk of
high=intensity resistance training. They
employed an adaptation of standard renabili
tation principles of prograssive resistance
training with concentric {lifting) and
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accentric (lowering) sctivetion of knee
extensor muscles, Three times per ueek the
subjects performed three sets of esight
repetitions with =ach leg in &= to9=s3 per
repetition, with a 1-to Z-min rest peried
betueen sets. Except for the Ffirst week
the load wes BO® of the one repetition
maximum. Strength gain averaged 174% = 21%
[mean 2SEM)., Midthingh muscle area increased
9.0% £ 4.5%. Mean tandem gait speed improved
4B% after training. These findings would
suggest that age does not eppear to affect
the traimability of skeletsl muscle.

SPECIFICITY OF TRAIMIMNG

Training adsptations, uhether for
strength or endurance, in the skeletal
muscles are limited to tha muscles actually
angaged in the training pecformance.
Specificity in traimimg is alss obvious
“ith the circulatory response toexercise,
Saltim (45) reports that the heart rate
was approximataly 25 beats.min=1 higher at
a given oxygan uptake uhern ome leg, which
had been inactivated by a cast for 4-5uk,
uas exerciszing on a cycle ergometer than
uhan the other leg exercised at the same
submaximal serobic power.

Tomaintain or improve both flexibility
in joints and dexterity and endurance in
technically demanding skills, the specific
activities must be practiced. It is
generally thought thet elderly pecson can=-
not execute coordinated, guick, precisa
fingar movements. However, it is impressive
that many musicianms can peform perfectly
at an advanced age. Arthur Rublinstein
played very demanding Chepin compositions
at the age of 88 yr. Andrés Segovia, at 92
wr of age, gave concerts on the classical
guitar. Hours of daily "training" are
behind these achievements. Most Likely
their Fantastic performances were not only
a guestion of talent but of continuous
practice.

Since there is such a specificity in
training effects, it is adwisable that one

undertakes variation in the types of
habitual physical activity, i.e.,; B8
"smorgesbord® of activities should be

practiced throughout life.

IS PHYSICAL INACTIVITY A RISK FACTOR
FOR CARDIOVASCULAR DISEASES?

Dyring 1987, coronary heart disease
(CHD) eccouted for 27.5%of the 2.1 million
deaths in the United 5States (1), Well-
documented risk factors for CHO, incependent
and im some ceses interrelated, are seden
tary lifestyle, increases in triglyceride
and low density lipoprotein levels in the
blood, decrease in the high density lipe=
pratein leval, cigerette smoking, hypartsrsion,
diabetes, obesity, post-prandial fyperinew=
linemia, and carbohydrate intolerance.
During the last decede, thare have bDeen
several reports showing a significant
reduction in morpidity and mortality in
CHD in physically active persaons compared
with sedentary control groups (3,21,35,38
af,41), Paffenbarger et al. (38) conclude:

Discounting the influence of blood gressure
status, clgerette habit, net weight gain since
college, and parental history of early death, Gthe
nore active alumni stugents are estimated to have
lived on aversge 1.25 yr longer than less active men.

The data were obtained ina lengitudi
nal study af approximately 17,000 Harvard
slumni. Man expending 8.4 + M3 {2000 + keal)
weekly in welking, stair-climbing, and
sport play were at 39% louwer risk af
developing coronary heart desesse than
less sctive classmates.

Figure 1 is based on dsta from the
10BE Behayioral Aisk Factor Surweillance
System (BRFSS) and the 1976 - 1988 Second
National Health and Mutrition Examination
Survey (NHAMESII) (1). In the BRFSS survey
with 37 state health departments partici-
pating, sedentary lifestyle was tha most
prevalent (58%) modifiable risk factor for
CHD reported and wes Followed by cigarette
smoking (25%), obesity (22%), hypertension
{(17%), and diabetes (5%}. The estimate for
serum cholesterol lewels [ 2g.1=1 or 5.2
mmel.1=1) was 31X,

These studies indicate = substanmtisl
independent risk for CHD for persons with
sedentary lifestyles. A high level of
habitual physical activity will reduce
premature mortality. Physical activity
also confers other important heelth berefits ,
Habitual physical ackivity reduces the
incidence of, or is otherwise beneficial
to, hypertension, hyperlipidamia, obesity,
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disbetes type II, impaired glucose toler-
ance, osteoporosis, psychologic impairment,
colen cancer, stroke, and back injury {1},
The effect on some of these factors may be
small and statistically nonsignificant;
hewsver, the sum of these effects may have
an important positive impact, influencing
health and disesse, life and death.

P
1

* Respondent self-reported having been told by
prysician that respordent has diabetes,

t Respondent self-reported having beem tald by a
physician that blood pressure is highonmultiple
thecks, or respondent is on medication for hign
blood pressure,

I Based on bodly mass index 27 .B formen and 27.3
for women from self-reported heignt and weight of
respongent .

T Respongent self-reported currently smoking.

** Mpasured  P00mQ/dl by MHAMNES 1T,

*t Respondent self-reported no physical activity or
irregular physical activity {i.e., Fewer than
three times per wesk and/or 20 nin, per session).

FIGURE 1 - Prevalence of modifiable risk
factors for CHO - behavioral risk Factor
survaillance system, 1988, and second
national health and nutritional evaluation
survey, 1976-1980 (1).

The majority of studies of levels of
physical activity and 1ife expectancy
available im 198B appear to documenta @
1= to 1=yr increased life expectancy for
men who are physically active in  their
lifastyle compared with inactive men (21)

In the United Stetes life expectancy
has increased from 47 yr in 1500 to approxi
mately 75 yr im 1988. Wwhat about upper
limits to human longewvity? It has been
calculated that slimineting ischemic heart

L]

diseas® would only increase life expectancy
at birth by 3.0 yr for females and 3.5 yr
for males. Eliminating all Forms of cancer
(22.5% of all deaths in 1985) uould increase
life expectancy by 7.0 yr for females and
8.1 yr for males (37). In other uords, the
effects of eliminating major diseases on
life expectancy are not dramatic. Advances
in medical treatment more than improvements
in risk factors may be allowing elderly
persons who are frail end who suffer from
Fatal degenerative diseases to survive
longer after the onset of the disease than
uas the case in the past. Current ressarch
efforts, by the medical community are
focused on  prolonged life rather than
preserving the quality of Life. Amobvious
conclusion, therefore, is that the time
hae come for & shift toward emelicrating
the function for people with nonfatal
disease of aging (37),

PHYSICAL ACTIVITY AND
CARBOHYDRATE METABOL[SM

With reference to carbohydrate metab
olism, there are recent hypotheses that
olucose can permanant ly alter some proteins,
Im doing so, it may contribute to age-
associated declines in the Functiening
of cells and tissues (10). Anexcess blood
glucose concentration in people with um-
contrelled disbetes could potentially
contribute to disbetic complications. The
authors point out that the effects of
diabetes on many organs and tissuea can be
described as accelerated aging, including
senile cataracts, joints stiffness, and
atherosclerosis. These discrders are typi
cal in the aging person, but inpecole with
hyperglycemia they develop earlier. With-
out excess glucose, there may be a slower
onset of age-associated dysfumction.

Sedentary peocple often have a reduced
ragponge to insulin in their wntrained
muscles. Elderly individuals may develop
a reduced glucose tolerance and blood
glucose concentrations is, at times, elev
ated and may trigger the mentioned glucose-
protein reaction, and by a feedback alsao
cause & hyperinsulinemia, in itself arisk
fFactor for CHO.

A training program, as described
above, can normalize the glucose tolerance
in elderly psople and enhance the muscle's
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sensitivity toinsulin (7,24,58), It should
be emphasized that muscle contractions per
g8 will promote the muscle's uptake aven
with mo insulin present fEE,ED}.

LOCOMOTOR ORGAMNS - OSTEOPOROSIS

Structural changes in bores, licpments,
ant tendons are more aasily demonstrated
in connection with decreased rather than
with increased physical activity (52,57).
Immobilization will markedly diminish the
mumber and size of collagen fiber bundles
and negatively change the collagen cross-
links, 1n contraat, trained animals have
an increased concentration of collagen in
ligements and tendons (57). Trectivity will
not only affect the strength of muscle,
bone, and junctions, but also diminish the
forces being transmitted by ligaments and
tendons. Therefore, clinicians must con=
stantly reevaluate the necessity and the
duration of a prescribed immobilization.

Studies of estronauts and immobilized
persons have consistently recorded
osteoporosis. Bone inuvelution alse poses
8 serious nealth risk, especially for aging
women, & progressive declime in bore deredty
starts after maturity, and osteocporosis is
a serious disease in the elderly. In the
United S5tates one=third of women, 65 yr
old, will have vertebral frectures, andby
age 81 one=third of women and one-sixthof
men will have sufferedahip Fracture, often
? E?tastrunhic, if pot terminal, ewvent

42).

Bone mass is subject to both local
(mechanical) and systemic (hormonal) hameo
static control mechanisms. The local forces
acting on bone tissue are due to gravity
and musculsr contraction (52). Standingup
right is & better stimulus Ffor bone
hyperkrophy than exercise in the bed, and
walking is better than swimming in this
respect.

Athletes have a greater bone masa
than the sedentary population, with the
greatest hypertrophy noted in the areas
most stressed {e.q., the preferred arm of
a tennis player). Exercise intervention
also promotas bone hypertrophy and prevents
ostecporosis. Both middle-aged and elderly
women increase bone mass or reduce ths
rate of bome tissue less in reeponse ko
exercise intervention programs (11,12,45,
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47,57). Rows and Kahn (42] suggest that
the marked reductions in bone density with
"usual™ aging may in large part be prevent
sble or modifiable by regular exercise,
reduced smoking, and an adequate intake of
caloium.

In summary, prescribed exercises that
inerease the forces being transmitted to
ligaments, tendon, and bones will maintain-
and in may cases increase-tha strength an
functional sturdiness of these structures.
In its =implest form, the effect of exar=
cise will depend on the manner inwhich it
is performed: the result displays a
specificity. The only structures to respond
sre thosa that have been exposed to the
forces af exercise. To counteract oste-
oporasis, the strategies are Ffor adoles
cents and young adults to increase peak
bane mass, and then adults and the eldarly
should Focus on maintaining andfor slowing
dowr the rate of bone loss (46).

MUTRITIONMAL ASPECTS OF HABITUAL
PHYSICAL ACTIVITY

The more physically active a person
is, the higher the enmergy intake can be
without risking obesity. Froma nutritional
viewpoint the advantage with suchactivity
is that nigher emergy intake will better
secure an adeguate inteke of eszential
nutrients [4,pp. S7T4=5T6; 13). From an
gvolutionary point of wview, our enercgy
expenditure and intake af sssential nutri
ent were gquite high. It may become critical
for the low energy consumer-the sedentary
person=to be nutritionally well-balanced,
particularly if exposed to so-called " junk"”
food. At increass age there is gradual
reduction in the basal metsbolic rata,
but no proportional reduction of the
demand for essential nutrients. For this
resson it is recommended that old people
try to stay physically sctive. In treatment
of obese patients it is essential to combine
8 recommandation of restrictions of energy
inteke with an incresse in esnergy output
by daily physical activity (33}, After
all, physical activity is the most variable
componant of energy expenditure.

PHYSICAL ACTIVITY AMD THE TOXIC
POTENTIALITIES OF OXYGEM

Aerobic metabolism imolves production
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of molacules that are intermediates in
slectrical charge between 0, and H;D. Thase
intermediates, also named free oxygen
radicals, include superoxide ion, hydroxyl
radical, and derivates of these radicals
like H;0; and singlet oxygen. Thay can
glicit lipid perocidetion, seyme irectivation,
tanaturation of proteins, and structural
changes in nucleic ecids, A particular
problem is apparently that, mediated by
some sort of chain reactions, the oxidizing
free radicals can damege membranes by lipid
peroxidation, During evolutlon, living
grganisms had to develop sdequate anti -
gxigent defenses to combat the destructive
properties of these oxygen redicals. Thus,
gerohbic cells, such as muscle fibers, have
neen equipped with anzymes and nonenzymatic
scayenger systems as protection against
these redicals. There are speculations
that physically very active individuals
wuld also be more exposed to the destruc
tive tendency of oxygen. Howewer, cytochrome
pxidase, which is responsible for most of
thebiological oxygen consuption, produces
yater without the release of intermediates.
In other words, tha production of free
pxygen radicals does not  increase  in
proportion to the increase in oxygen up=
take by the body. There are alsc reports
goncerning an adaptive incresse in  the
blosynthesis of the scavenger superoxide
dismutase with increasing metabolic rate
(16, p. 263). There are reorts thet erdsence
training increased the resistance of
gkeletal muscles to injuries causaed by
lipid peroxidation. It may alsc be that
tamaged molecules are more efficiently
replaced by resythesis (51).

From a nutritional viewpoint it
should be pointed out that selenium is 2
cofector for glutethione peroxidase, an
gffective scavenger of hydrogenperoxid
[Hq0;), and that vitemin E, C, and A can
act @5 antioxidants. Thus although
foxygen possesses & good Or. Jekyll - evil
Fr. Hyde pesonality" (16, p. 388), the
puerall picture is the Or. Jekyll aspect,
that increased whole body metabolism and
thereby oxygen consumption as elicited by
regular physical activity are essential
for optimal functioming of the body.

CARDIOVASCLL AR RISKS OF EXERCISING
Yuori's (59) estimation of the
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incidence of sudden cardiovascular death
in all recreaticnal exercise and sports in
the total Finnish male population 1is as
follows: one death im11.5million exercise
sessions in 20-teldB-yr-old men, one death
in 2.6 million sessionas in 40=to 49= yr =
old men, and one death in 2.2 million
sessions in S0=-to 69=yr-old mem,

Other studies elso suggest that sudden
death during exercise is a rare event. On
the other hand there is transient imcreased
risk of suvdden death during wvigorous
exgrcise compared with that during more
sedentary activities. Howsver, that risk
should be compared with benefits of habitual
exercise. Siscovick (50) reports that among
habitually vigoarous men, the overall risk
of primary cardiac arrest celculsted on s
24=h basis was only 40% that of sedentary
mEm .

IMMLIMNOLOGIC EFFECTS OF EXERCISE

Simen (48) conclude that avariety of
in vitro assays can be used to damonstrate
that exercise affects most defense mechan
isms imcluding granuloeyte counts,
lymphocyte counts ad fuctiors, cytotodeity,
cytokinme production, and secratory immuno
globulin levels. Ingensral houever, these
changes are small in magnitude and brief
in duration. The biological significance
of these changes is uncerctain.

SECRET TO LOMGEVITY?

"If you slow down the matabolic rate,
you reduce wear snd tear on the system,""
and that means "the process of aging may
be slowed" (gquotation of Joseph Hemnitz,
raf, 230, One can find popular statements
pointing out that "you have agiven number
of heart beats allotted, don't waste them
by exercising.” Howsver, after a few
momths af aerobic traiming you may Sauve
some 20,000 heart beats per day! In the
long run a sadantary lifestyle may induce
mare "usar and tear on the system" than a
physically active lifestyle.

SUMMARY OF EFFECTS OF HABITUAL
PHYSICAL ACTIVITY AND POSSIBILITIES TO
COUNTERACT COMSEQUENCES OF

"NMORMAL" AGING

Between 1985 and the end of this
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century, we can expect an approximately
S50% increase in the proportion of the popu
latipon aged 65 and over in the "developed"
countries. With aging there is an impairment
in bodily Functions and structures,
dispases develop, and the endpoint is
death. Rowe and Kahn (42) point out:

Ressarch In aging has emphasized average age-
related losses and neglected the substantial heter
ogeneity of older persons., The effect of the aging
process ltself has been exaggerated, and the modl -
fying effects of diet, exercise, personal hablts,
and psychosocial factors underestimated. Within the
category of mormal aging, a distinction can be made
petwesn usual aging, In which estrimsic factors
neighten the effects of aging alone, and successful
aging, in which extrinsic fsctors play a neutral or
positive role. Aesearch on the risks assoclatedwith
usual sging and strategies to modify Them  should
help elucidate how a trensition from usual to suc -
cessful aging can be Facilitated.

%n, the key guestion is towhat extent
impairment, morbidity, and mortality are
inevitable consequences of the individual's
innate genetic composition, i.e., intrinsic
fectors, and to what extent environment
and the individusl's lifestyle, i.8.,
gxtrinsic Factors, can modify thessa
processas?

It has been pointed out that aging is
obligatorily associated with reduced max=
imal asrobic power end reduced muscle
strength, i.e., with reduced physical fit
ness. Being overweight in addition to these
handicepe is additionally unfortunate
becesuse these factors taken tooether make
walking, climbing stairs, getting up From
bed or chair, entering a bus or trainmore
difficwlt end fetiguing, and eventually
impossible. The ability to 1ift and carry
ueighte becomes reduced. The aging persons
will lese thair independence and autonamy .
85 a consequance of diminished exercise
tolerance, a large and increasing number
of elderly persons will be living below,
at, or just above "thresholds™ of physical
ability, needing only aminor intercurrent
illrness to render tham completely dependent.,
Now we are back to the question of the
respective places of intrinsic and extrin
sic fectors in the deteriorations typical
for "usual®™ aging. Physical training can
readily produce a profound improvemant of
functions essential for physical fitness

k'

in old age and thus effectively postpone
physical deterioration for some 10-20 yr.
It was mentioned that three are remarkably
many musicians wha can perform extremaly
well in their 80th-90th yr. WNow consider
how many old individuals continue or take
up physically demandingactivities ranging
from walking and playing ogolf up fo
participatien in endurance ewents like
long-distance runing (mersthon!), orienteering,
end cross-country skiing. UWe know wvery
little about the relative contributions
from intrimeic and extrinsic Factors be -
hind these achisvements. FRowe and Kahn
(42) ergue that: "a direct-assistanca
treatment is typical of approaches to oldar
pecple that do for them what they couldda
to learn to do for themselues."

TABLE 1 - Effects of habitual physical
activities.

Increase In maximal oxygen upteke and cardiac oubput
[&, chp. 1036,45)

Reduced heart rate at given omygen uptake (4, chap.
10:6,45,53),

Reguced blood pressure {18,49)

Reduced heart rate » blood presure product [18)
Ingroved efficiency of heart muscle (4, chap. 10,27)
improved myocardial vaseularization? (4, chap. 10)
Favorable trend in incigences of cardial morbidil
and mortality (1,3,21,35,38,480,41)

Increased capillary censity in sweletal muscle (7
17,23)

Increased mitochondeial density In skeletal musell
(7.17,20)

Reduced lactate procuction at given percentage of
maximal owygen uptake (4, chap. 10,25%)

Reduced perceived exertlion at glven osygen uptake
(2, chap. 0]

Enhanced ability to wtilize free fatty sclds as
substrate guring exercise - is glycogen saving (4,
chap. 10 « a; 17,20)

Improved endurance during ewercise (4, chap. 10+14)
Increases metanolise - advantagecws from & rutritiosl
viewpaint (&4, chap. 1a;13,49)

Couynteracks obesity (13,33,49)

Imcreases WOL concentrations in blood (15,19,26)
Improved structure and function of ligasents, tendons,
and joints (52,57)

Increased suscular strength {4, chap. 10;5,14,2%,36)
Increased production of endorphires (353)

Enhances nerve fiber sprouting to reirmervate suscle
fibers? (54)

Ennances tolerance to hot enciromment -  incressed
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seqt production (43)

Reduced platelet aggregation? (&1)
Conteracts osteoporoses (11,12,48,47,52,57)
Can rormalize glucose tolerance (24,55,58)

The body guickly will adapt to reduced
demands on muoscle activity, with an accel
arated rate of functional impairment and
phyaical fitness as consequences. Table 1
sunmarizes some effects of habitual phys-
ical activity.

EVOLUTIONARY ASPECT

Evalution of all living materials is
based on heterogenelity im the individual's
genatic pool withim a species. Surviwvael of
the species is a measure of the success of
guolution 1n adapting an organism to
particular environmental conditions, Close
to 100% of the existence of the hominid 3
homo species has been dominated by outdoor
sctivities. Hunting and foraging for food
ind other necessities in the wilds heve
zeen a condition of human life fermillions
of years. Evolutionary chenges in the
genetic code that made survival of the
noninids possible were promoted. e
sacame adapted to a lifestyle as hunter -
patherers; this also applies to our emo
tional and sccial lives and to  our
intellectual skills. Major adaptations for
this survival were consonant with habitual
physical actiwvity, imcluding endurance and
peak effort alternated with rest and social
ization. Wow, after a very brlef spell in
an agrarian culture, we have in some
"privileged” societies ended wp in an
urbanized, highly technologic society
dominated by a sedentary lifestyle (Fig.
2). One may conclude that the relationship
betwsen aging and varicus diseasesz = and
physical Fitmess - has become very abnormal
in our modern society. Over millions of
years the old persons were very important
gnd respected in society because they vere
credited with experience essential for the
well-being and surwival of the people.
Therefore, the aging individual was still
gn important member of the group. More
recently - but before our time = when the
pld man in an Morth Americen Indian tribe
did not fully gualify as ascout, ahunter,
or 8 warrior, he became the teacher of the
boys in &8 "lecture hall®™ outdoors, with
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the lassons full of excitement.
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FIGURE ? - A) Our plamet is probably some
4.6 billion yr old. Let us translate those
years into a 460 km journey. HBiological
evolution began some 1 billion yr later.
Cells with nucleus Functioning thanks to
the ATP=ADP cycling, glycolysis, Kreba
citric cycle, electron transport chaincan
be traced 1.5 billion yr ago-150 km Ffrom
"now,” mammals appeared on the scene after
another almost 130 km.B). The hominid
Australopithecua can be treced approxima—
tely Four million yr back. Let us symbolize
those 4 million yr by a 400 m track. He
"gave up" after about 200 m. At this point,
2 millien yr ago, true Homo individuals
appeared on the scene (Homo habilis, later
on Homo srectus). After 399 m- 10,000 yr
ago-Farming and agriculture started, pro-
bably in the Middle East. This countury =
thia last 10 mm! Homo sspiere nesrderthelisrsis
became extinct spproximately 35,000 yr ago
(3.5 m from "now" ). Conclusion : during
more than 99X of our existence, we ware
hunters and food gatherers. Now we are
expnzed to an enormous experiment-wuithout
control groups.

Tha old man entered a new niche in
the socliety, still intellectuslly and
ohysically demanding ad of vital importance
for the Future of the tribe, and eventually:
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"this is a good day to die!'® (22). Without
gxperience and scientific backups, we are
facing a new phase in human history.
Limiting myself to the topic of my presen
tation: it is an important and urgent
challenga ta teach and promote reguler
physical activity for target groups From
childrood up to old age imorder to promote
successful eging and anoptimal lifestyle,
including edvice about diet, smoking,
alecohol nhabits, and various newly recognized
threats ta health. From many points of
view, it is a risk fFactor to guickly change
from the lifestvle of a huntec-gatherer
to one of an urbanized high-technologist.
Insight into our biclogical heritage may
help us to modify our current lifestyle in
a positive way. At any rate, asdverse
affects of noncompetitive e=xsrcises are
vary small in comparison with the health
tenafits. Cardiaologists who donot believe
that regular physical activity is & use=-
ful "medicine" in the primary and secondary
prevention of cardiovascular diseass are
wige LF they prescribe exarcise for many
of the other reascns. Health education is
complicated; there are case reports of
somenone with 8 lifestyle considered to be
perfect who may die young fFrom a heart
attack. In contrast, & man with a "catas-
trophic® lifeatyle may have a life span
extending to aone century. The geretic back
ground is not democratic...

PRESCRIPTION FOR EXERCISE FOR
HEALTH LIVING

With "gupport" Ffrom Table 1, the
Fallowing recomendations represent an
exarcise program for good function and
haalth.,

Daily. At lesst 60 min of physical
activity, not necessarily wvigorous, not
nacessarily contimuously. Ouring the daily
routineg of moving, walking, climbing stair,
etc., whether For 1 min 60 times a day,
12 min five timas aday, or any combination
totaling 60 min may demand 1.2 MJ (300
keal).

Weekly. Exercises, say 30=4%5 min,
three times per wesk Eu.g., brisk walking,
jegging, cycling, swimming, "aerchic dacirg /
gymnastics,” rowing, skiing) are efficient
efforts to achieve and maintain good
cardiovascular Fitness and may consume an

additional 3 MJ (750 kcal) per week, The
extra weekly anergy output by Ehese
gxercises will sxcead 8 MJ (2000 kcal),an
energy output recommended by Paffenbarger
et al. {3B) for better health.
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