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ABSTRACT

The loss of strength and muscle mass progressing after the age of about 50 years can lead to
considerable worsening of normal functioning of the elderly, and finally to the loss of indepen-
dence. Strength training performed by the elderly can reverse strength and muscle mass loss to
the considerable degree. However, this kind of training had been considered hazardous for car-
diovascular system, especially because of substantial increase of arterial pressure, which could
accompany strength exercises. Currently, the cardiovascular load imposed by properly conduc-
ted strength training is considered to be comparable to the load imposed by endurance training.
It was believed that strength training decreases resting blood pressure, leads to beneficial chan-
ges in metabolism, protects against osteoporosis. However these beneficial effects have not
been convincingly confirmed and adverse effects have been documented.
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Introduction

Roger and Evans (85) consider strength
training as one of the most effective and
cheapest ways to preserve independent li-
ving by elderly.

Resistance training — basic definitions
The aim of strength training is to incre-
ase muscle strength. Strength training re-
quires the body’s musculature to move
against an opposing force, therefore it is
also termed resistance training. Isometric
exercise is a specific type of strength exer-
cise, in which muscles are developing for-
ce but no movement at a joint occurs.
The basic unit of strength training is a
repetition. The repetition is sequence of
movements ending back in starting posi-
tion. It normally consists of the concentric
muscle action, when the muscles involved

are shortening, and the eccentric muscle
action, when they are lengthening.

Set is usually a predefined number of
repetitions of chosen exercise performed
continuously without stopping. The num-
ber of repetitions per set typically range
from 1 to 15.

The maximum number of repetitions
per set (RM) is the maximal number of re-
petitions, which can be performed without
stopping at given resistance. Thus, 1-RM
is the resistance at which only one repeti-
tion can be performed. Analogously, 3-RM
is the resistance that allows completion of
maximally three repetitions. The intensity
of an exercise can be expressed as a maxi-
mal number of repetitions or as percentage
of the 1-RM.

The smaller intensity, the smaller per-
centage of 1-RM, and so more repetitions
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can be performed. The 85% 1-RM intensi-
ty usually allows performing 3 repetitions;
85% 1-RM equals 3-RM. Using 80% 1-
RM may allow performing 10 repetitions:
80% 1-RM equals 10-RM. The intensities
from 1-RM to 6-RM are the most effective
in increasing strength muscle. Increase of
strength muscle obtained with small num-
ber of repetitions performed against heavy
resistance can not be gained with large
number of repetitions performed against
light resistance. Intensity of 50% 1-RM
suffices to increase in strength muscle, 80%
1-RM can be indispensable to increase
bone mineral density (109). The intensi-
ties above 25-RM have small or no influ-
ence on increasing strength muscle (7).

Expressing intensity with maximal
number of repetitions (RM) refers to cur-
rent capabilities of training person. For
example: 1-RM intensity means different
resistances used for different persons. Ma-
intaining the same individual intensity will
typically require increasing resistance
along with training induced increase of
muscle strength.

A training session includes all exerci-
ses performed in a given time period. A
recommended training session for older
adults consists of 8 kinds of exercises,
which increases strength of large muscle
groups that are important in everyday acti-
vities (arms, shoulders, spine, hips, and
legs). At the beginning of training 80% 1-
RM (10-RM - 15-RM,, i.e. 10-15 repetitions
per set) intensity is recommended, with
possible increase to 8-RM - 10-RM or even
2-RM - 5-RM in more advanced stage of
training. At the start of training it is sugge-
sted to perform only one set of repetitions
for every kind of exercise with 2-3 min of
rest between sets. Progression can go from
one to three sets over training time for each
type of exercise. The training consisting of
2-3 session per week is recognized as suffi-
cient for gaining health benefits, each ses-

sion consisting of single sets of 8-10 exer-
cises (28, 38). Similar recommendations
can be found also in (3, 4, 33, 69).

Age dependent loss of skeletal muscle
strength and mass

A strength performance peaks in the
third decade of life, after which strength
remains relatively stable or slightly decre-
ases over the next 20 years. In the sixth
and seventh decade of life the muscle
strength declines by approximately 15%
per decade, and by 30% in the eighth de-
cade (19, 28, 45, 59, 71, 78).

Substantial muscle weakness can com-
promise the ability of the elderly persons
to perform common activities of daily li-
ving, which can lead to loss of their inde-
pendence (55). The risk of falling incre-
ases with age. Falls are one of the major
causes of injury in elderly, constituting
important health hazard, and may eventu-
ally lead to death (5, 15, 111).

Decreased muscle mass has been sug-
gested as the primary cause of strength re-
duction in aged. This phenomenon has been
termed sarcopenia (27) and has been am-
ply documented (24, 64, 81, 114). Sarco-
penia affects in a similar degree flexors and
extensors, upper and lower extremities
(39). Young et al. (113) demonstrated that
the quadriceps cross-sectional area of wo-
men in their 70s was 33% lower than that
of women in the 20s. In addition, beside of
decrease in cross-sectional muscle area, an
increase of intramuscular fat is more pro-
nounced in women (51).

The decline in muscle mass is caused
by the reduction in the size of the indivi-
dual muscle fibers and also by reduction
in number of fibers (40, 60, 63). The pre-
ferential loss of Type II muscle fibers me-
ans a loss of fast myosin heavy chains pro-
teins (42). The nearly 50% reduction in the
number of motor units is observed in older
subjects compared with younger ones (22).
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Strength training reverses age-associa-
ted loss of muscle strength and mass

In 1990 Fiatarone et al. (34) demonstra-
ted, after eight weeks of strength training
in 87-96 years old persons, an increase of
muscle strength and muscle hypertrophy,
in contrast to earlier study of Moritani and
DeVries (77), who demonstrated only an
increase of muscle strength after high-in-
tensity strength training, but no muscle
hypertrophy.

Similar results were reported by Fron-
tera et al. (40). They observed the 200%
increase of muscle strength accompanied
by muscle hypertrophy in 60-72-years old
persons. Charette et al. (16) found an in-
crease in Type II fiber area with no signifi-
cant change in Type I area after 12 weeks
of high-intensity strength training in older
women. The continuing increase of musc-
le strength during 12 months of strength
training was observed in 59+0,9 years old
women by Morganti et al. (76), the gre-
atest changes were seen in the first 3 mon-
ths of the study, but continuing improve-
ment was noted up to the end of training.

Hurley and Roth (48), comparing the
age-associated loss in strength muscle
(15% per VI and VII decade of life) with
30% strength gain attained within the 2
months of heavy strength training (61),
concluded that this training can essentially
reverse 2 decades of age-related strength
loss. Similarly, several months of strength
training caused 12% increase of muscle
mass (104), reversing almost entire loss,
which occurred after the age of 50 years
(66). Thus, the correctly designed strength
training can significantly increase muscle
strength in the elderly, in some subjects
leading to complete reversal of age-rela-
ted muscle atrophy (60), enabling or faci-
litating daily living (53). The efficient
strength training does not require special
equipment and is not time demanding.
Even training performed once weekly al-
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lows achieving significant muscular
strength gains (28, 103).

Can cardiovascular load during strength
training be hazardous?

The mechanism of cardiovascular re-
sponse to resistance training exercises is
complex. Arterial blood pressure (BP) rise
can be produced by increase in cardiac
output (CO) and/or by increased total pe-
ripheral resistance (TPR). Mechanical com-
pression of blood vessels is also taken into
account. CO increase can be caused by
heart rate (HR) rise or/and stroke volume
increase. In isometric exercise central com-
mand raises HR and CO by vagal withdra-
wal. Increase of sympathetic nervous acti-
vity, driven mainly by muscle chemoreflex,
contributes to HR rise and is the main de-
terminant of TPR (88).

The magnitude of cardiovascular re-
sponse to resistance training does not de-
pend on absolute value of resistance used,
rather it depends on percentage of 1-RM,
i.e. on exercise intensity related to current
ability of trainee. The higher relative in-
tensity and the greater mass of exercising
muscles the greater HR and BP increases
(65, 102). HR and BP increase during sub-
sequent repetitions of a set (70, 90). In dy-
namic resistance training, during the con-
centric phase of a repetition BP but not HR
is greater than during the eccentric phase
(30). Stroke volume during the concentric
phase does not exceed significantly resting
value, however during eccentric phase it
can be significantly increased. CO is not
significantly changed from its resting va-
lues when small muscle mass is involved.
In exercise engaging larger muscle mass
CO can increase several time over resting
value, being greater during eccentric pha-
se than during concentric phase (72). The
BP raise during resistance exercise can be
explained by CO increase, if large muscle
mass is involved. However, if muscle mass
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engaged is small BP raise is likely to TPR
increase. The HR and BP peak values ob-
served during single repetition of maximal
resistance exercise are smaller than these
observed during the last repetitions of sub-
maximal resistance exercise (37, 67, 91).
Probably, time needed to perform single
repetition at maximal resistance is too short
to allow for full development of cardiova-
scular response.

Despite the proven benefits of resistan-
ce training, its common acceptance was
progressing very slowly. In general the at-
titude towards this form of training was
very negative; Evans (28) describes it as
follows: ”Many health care professionals
have directed their patients away from
strength training in the mistaken belief that
it can cause undesirable elevations in blo-
od pressure”. Indeed, during different
forms of resistance training high rise of
arterial pressure and heart rate was obse-
rved (36, 37, 90, 91, 93, 102). Extremely
high rises were reported by MacDougall
et al. (67) during the double leg-press per-
formed by five experienced body builders.
The mean peak pressure in these subjects
was 320/250 mm Hg, with pressure in one
subject exceeding 480/350 mm Hg.

Opinion about potential dangerous car-
diac events occurring during resistance tra-
ining has been supported by studies per-
formed mainly in seventies of previous
century (8, 31, 74, 80, 84), later evidences
point towards relative safety of this form
of training (54, 98, 99, 101, 108). Evans
(28) states clearly: ”With proper breathing
technique, the cardiovascular stress of re-
sistance exercise is minimal”. Fleck and
Kramer (38) demonstrated importance of
avoiding Valsalva maneuver during resi-
stance exercises. They showed that isome-
tric exercise (one-legged knee extension)
in which breathing was allowed elicited
weaker BP response than the same exerci-
se performed with a Valsalva maneuver.

Interestingly, BP response to a Valsalva
maneuver alone was greater than response
to combination of isometric exercise and
Valsalva maneuver.

Is opinion about minimal cardiovascu-
lar load imposed by resistance exercises
justified? Rather, it will be more adequate
to state, that such load is comparable with
cardiovascular load imposed by accepta-
ble and generally recommended enduran-
ce training (32, 44, 110). Faigenbaum et
al. (29) observed significantly more cardio-
logic events (angina, ischemia, premature
ventricular contractions) in 15 male cardiac
patients with mean age of 52 years during
maximal graded exercise than during per-
forming maximal voluntary contraction
(MVC) or during performing resistance
exercise consisting of two sets of seven
repetitions at 75% MVC. It has been fo-
und, that static exertion generally fails to
elicit angina, ischemic ST-segment depres-
sion or threatening ventricular arrhythmia
in low-risk cardiac patients (21). Moreover,
it is hypothesized that superimposition of
static on dynamic effort can improve my-
ocardial oxygen supply due to elevated dia-
stolic blood pressure, thereby lessening
magnitude of ST-segment depression. Ele-
ven patients (mean age 63 years) with sta-
ble coronary artery disease were treadmill
walking either carrying no load or carry-
ing 15 to 25 kg. Rate-pressure product va-
lue, which was accompanied by significant
ST depression during walking without load,
was accompanied by only minimal ST de-
pression during walking plus carrying load
(11). The relative safety of resistance tra-
ining allowed it to be recommended, un-
der assumption of appropriate prescription
and supervision, for aerobically trained
cardiac patients (82). Safety of resistance
training has been confirmed in healthy el-
derly (10), and strength training has been
recommended for this segment of popula-
tion (2).
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There exist interindividual differences
in cardiovascular response to dynamic and
static exertion. For instance, it has been
found that in the sample of 180 healthy,
young, normotensive men 21% showed an
exaggerated BP response to graded bicyc-
le ergometer exercise test due to greater
cardiac output increase (79). Hypertensive
subjects, especially in early stages of this
disease, responded with higher BP to iso-
metric exercise than normotensive controls
(6). It has been found (110) that in some
persons cardiovascular response to maxi-
mal graded exercise test was greater than
such response to maximal effort Cybex
knee endurance test, in others the reverse
was true. Pressure rate product during Cy-
bex exercise ranged from 58 to 102% of
maximal graded exercise test values.

Doubts

Strength training can undoubtedly in-
crease muscle strength, mass, and quality,
which results in improved physical func-
tional ability. This kind of training has been
claimed to result in number of other health
benefits. It: increases endurance, lowers
high normal BP, reduces insulin resistan-
ce, decreases body fat, increases resting
metabolic rate in elderly, prevents age-re-
lated loss of bone mineral density, reduces
risk for falling, reduces pain and improves
function in persons with knee region oste-
oarthritis. However, the magnitude of the-
se health benefits and even their mere exi-
stence remains controversial (48).

Strength training does not significantly
increases maximal oxygen consumption
(VOzmax) in elderly. Frontera et al. (41)
found 5% increase of VO,max in older, he-
althy men after 12 weeks of strength tra-
ining, which is much below the magnitude
of expected VOzmax increase after aero-
bic exercise. Lack of significant effect of
strength training on VOzmax, despite com-
parable HR increases, can be a result of
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different relations between HR and oxy-
gen consumption, observed in strength and
endurance exercises. The same increase of
oxygen consumption during strength tra-
ining stimulates 7-fold higher catecholami-
ne concentration than during aerobic tra-
ining. Conversely, high HR is associated
with much lesser oxygen consumption du-
ring strength training than during aerobic
one. In consequence, during resistance
exertion despite high HR attained, oxygen
consumption remains too low, to elicit ada-
ptation of cardiovascular system of magni-
tude comparable with aerobic training (49).

Hickson et al. (46) found that after 10
weeks of strength training VOzmax, me-
asured on cycle ergometer increased, whe-
reas V02max measured on treadmill rema-
ined unchanged. This finding can be expla-
ined as follows: oxygen consumption on
treadmill is limited due to limited oxygen
transporting capability of the cardiovascu-
lar system. In contrast VOzmax during cyc-
ling can be limited by non-cardiovascular
factors, such as leg strength or leg power,
therefore strength training, by increasing
leg strength can bring VOzmax closer to
its true value.

Similar arguments can be offered to
explain a significant increase in treadmill
walking endurance induced by strength tra-
ining, taking place despite unchanged
VO,max (1).

It is doubtful whether strength training
improves lipoprotein or lipid profile. In few
studies such improvement has been found,
other studies found no change. Surprisin-
gly, in study comparing the effect of endu-
rance training with the effect of strength
training, significant improvement in pla-
sma lipoprotein-lipid profiles was found in
neither of these training modalities (112).

Resting BP increases with age, in con-
sequence 50% of persons aged over 60
years qualifies as hypertensive (52). Ele-
vated systolic BP is associated with higher
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mortality in men and women aged below
85 years, for men over this age the reverse
hold true. (92). Whether strength training
lowers BP remains controversial. Some stu-
dies demonstrated BP lowering effect of this
kind of training (58, 62). It was found that
strength training lowers resting BP in elder-
ly men (but not in women) whose average
values were in high normal range (68). Sur-
prisingly, studies directly comparing aero-
bic vs. strength training effect on resting BP
failed to detect significant difference. One
study, performed on previously sedentary
middle-age men showed that both training
modalities did not lower resting BP (100),
whereas other study performed on men and
women with untreated mild hypertension
showed that both these modalities caused
significant and similar BP reduction (14).

Disturbing observations have been re-
ported by Bertovic et al. (12, 20). They
found increased arterial stiffness, resulting
in increased pulse pressure at unchanged
mean BP in 19 young, male strength-tra-
ined athletes, compared to sedentary con-
trols. More recently similar finding has
been reported by Miyachi et al. (75). They
compared young and middle aged resistan-
ce-trained men with the sedentary controls
and found that resistance training is asso-
ciated with greater age-related reductions
in central arterial compliance (measured in
carotid artery) but not in peripheral artery
compliance. They found also that lower
central arterial compliance has been asso-
ciated with left ventricular hypertrophy.
They concluded, that in marked contrast
to the beneficial effect of regular aerobic
exercises, their findings contradict such
effect of strength training on arterial wall
buffering function.

Insulin resistance increases with age,
resulting in lower glucose tolerance (87).
It has been hypothesized that age-associa-
ted muscle loss can contribute to impaired
carbohydrate metabolism. Therefore

strength training induced reversal of this
loss should improve carbohydrates meta-
bolism. This hypothesis has not been con-
firmed. Older athletes who did not partici-
pate in training leading to muscular hyper-
trophy had unimpaired glucose metabolism
(95), and in older athletes with training in-
duced increased muscle mass glucose me-
tabolism deterioration was observed (50).
Also, endurance training, which did not
increase muscle mass, was effective in re-
ducing plasma insulin response to an oral
glucose challenge (96). According to some
studies strength training improved gluco-
se metabolism, other studies noted no im-
provement, no study found deterioration of
glucose metabolism. It seems that strength
training induced improvements in glucose
metabolism are more pronounced in men
than women and that ACE genotype may
play a role in individual response to this
training modality (47, 89).

The depot of intra-abdominal fat incre-
ases with age, especially in men (17). Ab-
dominal obesity increases the risk of car-
diovascular disease (23). Strength training
reduced abdominal obesity in older men
and women (105, 106). Martel et al. (68)
compared in middle-age obese men effects
of diet alone and diet combined either with
aerobic or strength training. All 3 groups
experienced significant and similar loss of
abdominal fat, with least reduction in diet
alone group. Groups in which diet was
combined with training preserved their
muscle mass, in diet only group muscle
mass was reduced. It was somehow sur-
prising that strength training, requiring only
about 30% energy needed to cover demand
of aerobic training, caused minimally gre-
ater fat loss. One explanation could be in-
creased resting metabolic rate, due to in-
creased muscle mass (107) or due to incre-
ased resting sympathetic activity (83). Dif-
ferences in sympathetic system activity
between man and women could explain
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lack of strength training induced resting
metabolic rate increase in women (83).

Recently safety of hormone replace-
ment therapy in menopausal and post-me-
nopausal women has been seriously qu-
estioned (25). Osteoporosis prevention by
non-hormonal means such as physical ac-
tivity would be welcome alternative. Bet-
ter correlation between muscular strength
and bone mineral density (BMD) than be-
tween VOzmaX and BMD was reported
(13), which suggest preferential role of
strength rather than endurance training in
osteoporosis prevention (56, 57). However,
studies concerned with this problem yiel-
ded conflicted results, ranging from obse-
rvations that strength training increases
BMD, through being ineffective in this re-
spect, up to causing BMD decline. At any
rate, observed BMD increase due to any
exercise modality applied did not exceeded
5%, which falls far from estimated 20%
BMD increase, required to prevent bone
fracture resulting from fall (18). However,
even modest BMD gains attained as result
of strength training compare favorably with
slowly progressing BMD decline in seden-
tary controls. Strength training improves
mechanics and walking speed, thus redu-
cing risk of fall, rather than prevents frac-
tures, once fall had occurred (35).

It has been demonstrated that strength
training (94) to similar degree as enduran-
ce training (26, 97) decreases joint pain and
stiffness in patients with osteoarthritis, the-
refore it seems justified to include muscle
strengthening exercises in a physical acti-
vity program for patients with severe oste-
oarthritis (86, 73).

Flexibility or joint range of motion de-
creases with age, what can be associated
with difficulty in climbing stairs, getting
up from chair or in unassisted walking (9).
It seems that strength training reduces fle-
xibility. Such conclusion stems from
observation (43) that combined flexibility
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and strength training did not improve fle-
xibility, whereas flexibility training alone
did. It seems therefore, that strength tra-
ining should be supplemented with enhan-
ced flexibility training (2).

Conclusions

Properly performed strength training
reverses age-related loss of muscle strength
and mass. Cardiovascular system strain is
of similar magnitude during resistance and
endurance exercises. Strength training does
not leads to: worsening of lipid profile,
impaired glucose tolerance, rise of resting
blood pressure, decline of bone mineral
density, increase of abdominal fat, decline
of basal metabolic rate, and in each of the-
se aspects can be beneficial. It seems to
reduce symptoms of osteoarthritis in the
knee. Evidence suggests that strength tra-
ining can worsen flexibility and increase
stiffness of arteries.
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