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THE INFLUENCE OF STRENGTH TRAINING AND AGE ON
ANAEROBIC POWER

by
ADAM ZAJTAC, WIESEAW PILIS™, ZBIGNIEW WASKIEWICZ®

The goal of this research project was 10 investigate the long term effects of strength traming
and age on anzerohic efficiency of men. The experiment included 101 subjects of which 49
participated in strength training and 52 did not train. Each of the two populations consisted of 3
groups divided upon age. The first two groups included 16 year old boys of which 'DI'E Was
subdued 1o & month of weightlifting while the other served as a control group. The 3rd group
consisted of elite weightlifters aged approximately 24 while group 4 consisted of students of the
same age. The fifth group included former weightlifiers with the control group consisting of 42
year old clerks (6"-group), Besides age, body height and mass were registered as well as far
content and LBM. The Wingate test was performed in all of the subgroups (in group T ard 11,
three times). The following variables were registered: total absolute exiernal work (W) and total
relative external work (relW ), maximal relative power (Pyg,), averages relative power (aveP ),
and the fatigoe index (FI). The results indicate that regular strength training increeses LBM and
decreases fat content in men of different ages. A 3 month strength training program significantly
increases anaerobic powsr and a & month program allows for values similar to those of elie
weightlifters.
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Introduction

Anaerchic power undergoes ontogenetical changes with the first four
decades most often described in literature (Blimkie et al. 1988, Falk and Bar-Or,
1993). Maximal and average anaerobic power reach their lowest values in the
first decade of life, rising intensively afterwards, reaching maximal values at the
end of the third or beginning of the fourth decade. These changes are more
visible for absolute values in comparison to relative values (Bar-Or 1986), The
decrease of anaerobic power in later stages of life is primarily caused by the
lowering of muscle mass which results in decreased muscular strength and
anaerobic metabolism. The process of demineralisation increases significantly
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and fat content rises (Bruce et al. 1989, Larson et al. 1979, Snow-Harter et al.
1990, Tzankoff and Norris 1978). Physical training, especially strength training
helps to develop the level of anaerobic power in the early stages of life and to
slow down the involution process in the later stages.

Sprint training consisting of 5 s, graded treadmill runs performed at 19-24
km/h (Thorstensson et al. 1976) and strength training consisting of 3 sets of 6
repetitions with a submaximal load increased anaerobic power significantly
Thorstensson and Karlsson 1976). Maximal and average anaerobic power also
improved after ergocycle training performed at intensities 1,5-2 times higher
than obtained at VOsy,, (Campbell et al. 1979), ergocycle anaerobic training
(Weltman et al. 1978) and through sprint training (Houston and Thomson
1977). Other research projects have indicated that long term strength training
applied by weightlifters significantly increases maximal anaerobic power (Pilis
1984, Pilis et al. 1997, Skinner et al. 1986, Virijens 1978). High levels of
anaerobic power was also registered in powerlifters and wrestlers (Hikkinen et
al. 1984, Skinner et al. 1986} while low levels of maximal anaerobic power
were characteristic for long distance runners (Skinner et al. 1986). The main
objective of this research project was to determine the influence of long term
strength training and age on anaerobic power indices in men during the second,
third, fourth and fifth decade of life.

Material and methods

The research was conducted on 101 subjects which are characterised in

tables 1 and 2 and divided into 6 groups:

1. 8 subjects — 16 years old boys submitted to a 6 month weightlifting training
program.

2, 11 subjects — non-training, 16 years old, high school students.

3. 29 subjects — high class Olympic weightlifters with 9,3+3,6 years of training
experience,

4. 29 subjects — college students not engaged in sports training with similar age
to that of the weightlifters from group 3.

n

12 subjects - former Olympic weightlifters currently employed as coaches.
The training experience of the former athletes averaged 15,2+4,9 years and
the time elapsed from the end of sports training averaged 9,415,9 years.

6. 12 clerks of similar age as the former weighttifters from group 5.
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Subjects from group 1 and 2 were tested for anaerobic power three times:
before, 3 month after and 6 month after the training program while in group 3
through 6 the anaerobic test was carried out only once. Fat content was
evaluated in all participants of the study through 4 skinfold measurements and
calculated according to the Durnin and Womerslay formula (1974). Anaerobic
fitness was evaluated by the lower limbs Wingate test (Bar-Or 1986) performed
on a ,MONARK?” ergocycle with the resistance set at 75 g/kg of body mass.
The following variables were registered during the test:

Total absolute anaerobic work — W, [J].
Total relative anaerobic work — relW, [J -kg"].
Average relative anaerobic power avePy,, [W-kg'].
Maximal relative anaerobic power Py, [W-kg'].
Fatigue index — FI [W-s™'].
For statistical analysis the one-way analysis of variance and the t-Student’s

e

test were applied.

Resulrs

Groups (LIILV), the trained experimental groups as well as the control
groups (ILIV,VI) differed significantly in age (p<0,001). There was no age
related statistical difference between groups [ and II, 11 and IV, V and VL

There were several other morphological differences between the compared
groups of subjects. The students were significantly taller than the weightlifters
{p=0,01). Subjects representing group V were significantly heavier than group I
and III (p<0,001 and p<0,05). The non-athlete subjects from group II had lower
body mass than representatives from group IV (p<0,05) and finally those
subjects were significantly lighter than middle-aged men from group VI
(p=0,001). There was no significant difference in body mass between groups of
the same age. The experimental group I gained body mass already after the 3
month training program (p<0,01) and continued with that tendency after 6
month of consistent weightlifting (p<0,001). In the non-training subjects body
mass increased significantly only after the 6 month time period (p<0,001).
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Table 1. Somatic characteristics of trained subjects (x+SD)

B?dy Body weight Ffbm Fat content
Group | Test Age h[l::llilit (ke (%) (%]
I 1 |+++16,13***] 169,75 60,25+++ ++487,24% | +++12,76%*
N=8 0,93 6,02 5,96 1,69 1,69
2 |+++16,45%**] 170,25 62,05+++ +++88,47 11,52+++
0,97 5,97 5,98 1,58 1,58
3 |+++16,81*%%] 171,81 63,81 +++ +++88,72 11,2744+
0,86 5,85 6,22 2,62 1,93
I 24,7380 166,37 69,71~ 90,3470 9,63/
N=29 ] 4,06 8,27 12,45 3,25 2,91
\Y% 42,27 168,91 78,91 81,29 18,71
N=12 ) 6,54 6,29 10,5 3,20 3,20
*—group [v.s. HI * A - p<0,05
+-group Ivs V K g AA - p<0,01
A-group il vis. V Rk b+ AN - p=0,001

Among the weightlifters a higher fat content was observed in the coaches
group in comparison to the athletes currently in training (p<0,001). The
experimental group had a higher fat content than athletes of high class from
group HI (p<0,01). In the three sedentary groups of subjects , high school
students possessed the lowest values of body fat, while the highest values
occurred for the group of clerks. Age comparison indicated a higher fat content
for students than competitive weightlifters (p<0,001). Body fat content
decreased (p<0,05) after 6 month of training in the experimental group, while in
the same time period this variable increased in the control group (p=<0,05).

Fat free body mass (FFBM) was lower for group I in comparison to greup
I (p<0,05) yet higher in relation to group V (p<0,001). Among the non-
exercising groups, subjects representing clerks possessed a much lower FFBM
than representatives of groups II and IV (p<0,001). When considering subjects
of similar age, groups II and V had a higher FFBM than groups IV (p<0,001)
and (p<0,002). The 6 month training program increased the FFBM of subjects
in group I (p<0,05) while this variable decreased for group II (p<0,05).

A 3 month weightlifting program increased significantly both the relative
W, and Pp. (p<0,05) in the experimental group. After 6 month of training
absolute W, (p<0,05} and relative values of relW,, Pp,, and avePy. (p<0,02)
and all these variables calculated in relation to FFBM increased significantly
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(p<0,05). During this time period no changes in anaerobic indices were
abserved in the control group.

Table 2. Somatic characteristics of non-trained subjects (x+SD)

Body height | Body weight| Ffbm
Group | Test Age [em] [ke] (%) Fat content [ %]
1 +4++16,45%** 172,25 ++62,38*%* | 89,0+++ +++11,0%*
0,60 9,51 7,53 2,99 299
H 2 +++16,75%%* 172,83 ++62,42%%* | 88,57+++| +++11,42%
N=11 0,60 9,83 7,23 2,07 2,07
3 17, 1 THk* 173,79 ++64,13*% | 87, 424+++ +++12,55*
0,57 10,04 7,02 2,62 2,65
8% 22,3000 177,25 69,6171 86,00/ 14,0720
N=29 ) 2,28 6,34 7,35 3,70 3,21
VI 42.27 173,82 78,95 76,85 23,51
N=12 | 3,60 6,38 7,66 2,45 2,73
*—group Ifvs. IV * 0 - p<0,05
+ - group 1lv.s, VI *E g AN - ps0,01
A-group IV v.s. VI K AN - p=0,001

In comparing groups I and II during the third testing procedure, the
experimental subjects achieved significantly higher values of all anaerobic
variables in relation to the control group (p<0,05). The competitive weightlifters
had higher anaerobic indices than the group of students, except the FI, while
coaches reached significantly higher vaiues of absolute Wt (p<0,05) and Pmax
(p=0,01) in comparison to clerks.

During the initial test, group III had much higher values of all anaerobic
indices than group I. After 3 month of training these differences were reduced
yet were in most cases significant. Six month of weightlifting allowed group 1
to reach similar values of anaercbic indices to those of the highly trained
athletes.

Absolute Wt and FI were lower in group I than in group V at the initial
testing. During the second test W, and avePp,, were higher (p<0,01) while FI
was lower than in group V (p<0,001). At the end of the six month training all of
the anaerobic indices calculated in relation to FFBM were significantly higher
for group I in comparison to group V. When comparing the non-training
subjects, group II possesses significantly higher relative values of anaerobic
indices than groups IV and VL.
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Discussion

Anaerobic power undergoes significant ontogenetical changes. The
differences between high school and university students were rather small yet
they reached significant values when compared to clerks, men in their fifth
decade of life. Previous data indicates that absolute anaerobic power of the
lower limbs reaches maximal values at about the age of 30 while maximal
relative power is obtained before the age of 20 and remains at that level until the
age of 30 or little beyond (Inbar and Bar-Or 1986). This tendency seems to be
effected by ontogenetical changes in muscle fibres and body mass. Glenmark
(1994} indicated that the percentile content of ST fibres declined in 27 years old
subject in comparison to 16 year old subjects. In later stages of life the area of
ST fibres in the vastus lateralis muscle increased in comparison to 20 years old
subjects (Larsson et al. 1982). This phenomena is influenced by the following
factors:

— decrease of physical activity with age (Jansson 1996),

— decrease of testosterone concentration (Krotkiewski et al. 1980),

— increase in muscle mass until the age of 30 and than its significant decrease
{Lexell et al. 1992, Rogers'and Evans 1993).

Also a transformation of type II fibres into type I has been observed
between the age of 40 and 80 (Jansson 1996). This process can be explained by
a significantly decreased blood supply (Esbjorsson et al. 1993), decreased body
testosterone levels (Bjorntop 1993, Rogers and Evans 1993) and the atrophy of
motoneuron innervating type II muscle cells (Larsson 1982, Lexell ¢t al. 1988)
in the later stages of life.

Another significant factor influencing the decrease of anaerobic power in
later stages of life includes fat content increase and fat free body mass decrease.
This phenomena was observed in clerks in comparison to college and high
school students. Strength training seems to reverse this process which is
confirmed by significantly higher anaerobic power, lower fat content and higher
FFBM of those subjects engaged in competitive weightlifting in comparison to
control groups. In 16 year old males, a 3 month weightlifting program can
significantly increase anaerobic power. A continuation of this training program
for 6 month allows for further improvement of anaerobic indices as well as the
decrease in body fat content and increase in FFBM. During the same period of
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time, body fat content decreased and FFBM increased in 16 year old males, not
submitted to strength exercises, serving as a control group. Further competitive
weightlifting did not alter significantly the level of anaerobic power nor body
composition.

Several years of retirement from competitive weightlifting caused only a
partial decrease the anaercbic power and minor changes in body composition.
This was confirmed by stightly lower values of anaerobic power in former
weightlifters in comparison to current athletes yet significantly higher values in
relation to the clerks of the same age. Grimby and Saltin (1983) as well as
Rogers and Evans (1993) suggest that physical training in later stages of life
allow for similar adaptive changes in relation to anaerobic power and body
composition as those occurring in younger subjects. The improvement or
maintenance of anacrobic power is attained by the inhibition of involutionary
processes in the muscular, nervous, hormonal and cardiovascular systems. The
type, volume and intensity of training dictates the character of adaptive changes
and thus selectively influence of the particular anaerobic power indices.
According to Schnabel and Kindermann (1983) 400 m sprint training and other
similar exercise protocols stimulate the development of anaerobic power to a
great extent. Skinner et al. (1986) report that powerlifting also significantly
improves anaerobic power. Strength training improves maximal anaerobic
power through the improvement of muscular force and contractile properties
(Duchueteau and Hainaut 1984, Komi 1979, Tesch and Larsson 1982). Milner-
Brown et al. (1975) and Komi et al. (1978) believe that isometric strength
training may improve the number of recrnited muscle fibres and the
synchronisation of motor units while those adaptive changes improve the level
of anaerobic power. Simoneau et al. (1986) report that anacrobic power
evaluated during a 10 s time period may be improved through intensive training
by up to 30%, while 90 s anacrobic work capacity may be increased through
training up to 70%. The range of improvement is controlled genetically to a
large extent. The changes in anaerobic power observed in this research project
were not as high as those reported by Simoneau (1986).
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Conclusions

1. A 3 month weightlifting program improves anaerobic power significantly
while 6 month of systematic training allows to reach values similar to those
of competitive weightlifters of high level.

2. Involutionary changes related to anaerobic power occurring in the fifth
decade of life may be delayed significantty by previous long term strength
training.

3. Regardless of the stage of life, strength training improves anaerobic power
by increasing fat free body mass and decreasing body fat content.
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