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ABSTRACT

LEMMER, J. T., D. E. HURLBUT, G. F. MARTEL, B. L. TRACY, F. M. IVEY, E. J. METTER, J. L. FOZARD, J. L. FLEG, and

B. F. HURLEY. Age and gender responses to strength training and detralvi@t.Sci. Sports Exercvol. 32, No. 8, pp. 1505-1512,
2000.Purpose: The purpose of this study was to examine the effects of age and gender on the strength response to strength training
(ST) and detrainingViethods: Eighteen young (20—30 yr) and 23 older (65-75 yr) men and women had their one-repetition maximum

(1 RM) and isokinetic strength measured before and after 9 wk of unilateral knee extension 8k (3) éind 31 wk of detraining.

Results: The young subjects demonstrated a significantly gre&ex (0.05) increase in 1 RM strength (34 3%; 73+ 5 vs 97+

6 kg; P < 0.01) than the older subjects (283%; 60+ 4 vs 76+ 5 kg, P < 0.01). There were no significant differences in strength

gains between men and women in either age group with 9 wk of ST or in strength losses with 31 wk of detraining. Young men and
women experienced an8 2% decline in 1 RM strength after 31 wk of detraining (876 vs 89+ 6 kg, P < 0.05). This decline

was significantly less than the 1# 2% decline in the older men and women (65 vs 65+ 4 kg, P < 0.05). This strength loss
occurred primarily between 12 and 31 wk of detraining with & &% and 13+ 2% decrease in the young and older subjects,
respectively, during this periodiscussion: These results demonstrate that changes in 1 RM strength in response to both ST and
detraining are affected by age. However, ST-induced increases in muscular strength appear to be maintained equally well in young and
older men and women during 12 wk of detraining and are maintained above baseline levels even after 31 wk of detraining in young
men, young women, and older meikey Words: RESISTANCE TRAINING, WEIGHT TRAINING, DISUSE, AGING, MEN,
WOMEN

ging is associated with a reduction in muscle mass program of ST and subsequent detraining, new informa-

(10,18,33,34), which in turn has been implicated as tion can be obtained on the role of muscular activity on

a primary, causative factor in the reduction of mus- the age-related changes in strength. This information
cular strength with age (19). This muscular weakness is should help to develop a better understanding of the
associated with an increased risk for falls (3,22), as well as relative contributions of aging versus those of a decline in
impaired functional abilities in elderly populations (2,14). muscular exertions in explaining the loss of strength that
The consequence of this impairment appears to be moreaccompanies the aging process.

severe in women than men (15). Strength training (ST) has  previous investigations reported that strength can be
been shown to be a safe (13,25) and effective intervention yqintained from 4 to 32 wk after training has ended in

fpr increa_sing stren_gth (9,11,13,24,32) and improving func- young subjects (6,8,12,23,30,35,37) and from 5 to 27 wk
tional ability (1,28) in the elderly. However, direct compar-

. ¢ q der for st h t0 ST Asn elderly subjects (20,29,31). These studies were very
ISons of age and gender for strength responses to an pecific in their design and utilized only young women
detraining have not been reported.

Although losses in muscular strength with age and (gg,gg)éi/outr;gtmen (6,8,37)d(_)r eltderly me; anddwomen_
increases with ST are well documented, the contribution ( o ), but none made rect age and gender com
of a decline in muscular exertions to the age—associatedpar'sons' Furthermore, no S_‘tUd'eS have _compared age and
losses in strength is still unknown. By comparing the gender responses to ST in the untrained contralateral

response of young and older individuals to a standardizedimP- This could provide new information on differences
in cross-education effects.

Mo&mowo Therefore, the purpose of this study was to compare the
MEDICINE & SCIENCE IN SPORTS & EXERCISE effects of 9 wk of unilateral knee extension ST and 31 wk

Copyright © 2000 by the American College of Sports Medicine of detraining on muscular strength levels in young and older
Submitted for publication January 1999. men and women. The results within each group were com-
Accepted for publication November 1999. pared with the untrained leg as a reference control.
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METHODS One repetition maximum (1 RM) strength test.
Before assessment of the 1 RM strength test, subjects un-
derwent three low-resistance ST sessions in order to famil-
iarize themselves with the leg extension machine and to
practice proper lifting technique. This was also done to help
control for large early gains in strength due to motor learn-
ing, as well as to reduce the risk of injury.

After the familiarization sessions, 1 RM of the leg exten-
sors was assessed unilaterally for both the trained and un-
trained leg. The trained leg was the dominant leg as deter-

Subjects. Fifty-one healthy untrained young (age 25
1yr, meant SE, range 20-30 yr) and older (age 64 yr,
range 65—75 yr) men and women volunteered to participate
in this study. Data were missing on three young men and one
young woman, while one older man and five young women
withdrew from the study for reasons unrelated to the study.
The remaining 41 subjects, who completed all aspects of the
study, included 10 young and 12 older men and 8 young and

11 older women. _ mined by kicking preference. The subjects were positioned
All subjects were screened for musculoskeletal disorders ., 4 keiser K-300 leg extension machine (Fresno, CA) so

and any obvious signs of cardiovascular disease, using coMyp ¢ the rotational axis of the machine was aligned with the
prehensive medical history and physical activity question- |tera| femoral epicondyle. Subjects were then secured to
naires and a graded exercise test. The older subjects alsgne machine using a Velcro strap around the pelvis. After a
underwent a physmal examination by a physician. S“bJPthSS-repetition warm-up, a resistance was chosen that was
were excluded if they were current smokers, were taking estimated to be slightly below the subject’s 1 RM value. The
any antinypertensive, cardiovascular, or metabolic medica- g pject was instructed to lift that resistance one time. If the
tions, or if they had participated in any form of regular g pject was able to complete the repetition, the resistance
exercise in the 6 months before initiation of the study.  \as increased and another trial performed after a 60-s rest.
After an explanation of the purpose, risks, and procedures Thjs routine was repeated until the subject could not suc-
of the study, subjects signed a written informed consent cessfully move the resistance one time. The last resistance
before their participation in the study. The procedures in this {hat was successfully completed was recorded as the 1 RM.
study were approved by the human subjects institutional Approximately the same number of trials and time between
review boards of the College Park and Baltimore campusesyials was used before and after the training for the 1 RM
of the University of Maryland. test. The seat back and body position was also duplicated at
Aerobic power (VO,,,,)- To better characterize the | time points. In order to determine the initial resistance for
subjects and to confirm that they were not aerobically the ST programa 5 RMtest was also conducted on the leg
trained, and therefore exercising regularlyO), ., was that was involved in the training.
assessed on a treadmill using an incremental incline and a |gokinetic peak torque (PT). To estimate neurologi-
constant speed protocol.04,,, Was determined from the  cal contributions to strength gains in response to the ST
fractional concentrations of Oand CQ measured from  program, isokinetic knee extension PT was measured before
expired air using either a SensorMedics Y229 metabolic  and after training as a nontraining-specific strength test (27).
cart (SensorMedics Corp., Yorba Linda, CA) or the Douglas Differences in 1 RM and PT responses to ST indicate
Bag technique using a Perkin EImer 1100 Mass Spectrom-inyolvement of factors other than muscle mass and are likely
eter (Perkin Elmer Corp., Pomona, CA). Subjects walked to reflect neurological contributions. PT was assessed twice
for 5-10 min on the treadmill before theO4,, test in  bilaterally before training on separate days and once within
order to find the appropriate speed and grade that elicited24—48 h after an exercise session at the end of 9 wk of ST,
70% of their age-predicted maximal heart rate (HR. and once each at 12 and 31 wk after training using a
After the appropriate speed and grade were obtained, subKin-Com 125E isokinetic dynamometer (Chattecx Corp.,
jects were allowed to rest for 5-10 min. The test was started Chattanooga, TN). The load cell was calibrated before every
at the previously determined speed and grade, and every 3est by positioning and stabilizing the lever arm horizontally
min the grade was increased 3.5% while speed was heldto the floor and hanging a known weight on the load cell.
constant. The test was terminated when the subjects couldThe resulting force reported by the Kin-Com was compared
no longer continue or demonstrated ECG abnormalities. To with that of the actual weight and was adjusted accordingly.

be classified as achieving a truedy,,,, subjects had to Before testing, a 3-min, light warm-up was performed on
meet two of the three following criteria: 1) plateau if®Y, a cycle ergometer followed by stretching of the quadriceps
2) RER > 1.1, or 3) HR within 10 beats of their age- and hamstrings. After the stretching was completed, sub-
predicted HR, ... jects were seated on the KinCom and stabilized using pelvis,
Body composition assessment. Total body non- chest, and thigh straps. The rotational axis of the dynamom-

osseous fat free mass (FFM) and fat mass were estimated byter was then aligned with the lateral femoral epicondyle
the use of a Lunar DPXL dual-energy x-ray absorptiometer, and the resistance pad positioned just proximal to the lateral
as previously described (32). Subjects were instructed to notmalleolus of the ankle joint. After a goniometer-measured
eat or drink after midnight before their morning scan. A reference angle was recorded, limb weight was measured at
calibration standard was scanned daily, and measuremen®.62 rad for gravity correction. An angle of 2.62 rad was
accuracy was ensured by scanning a water/oil phantom ofused to avoid any effects of passive hamstring tension on the
known proportions (41% fat) monthly. The coefficient of gravity correction value. A joint range of motion was then
variation of repeated measurements wad.0%. established from 1.75 to 2.88 rad. Acceleration and decel-
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TABLE 1. Physical characteristics.

Young Men Young Women Older Men Older Women

Before After Before After Before After Before After

Training Training Training Training Training Training Training Training
Age 25+ 1 — 26 + 1 — 69 =1 — 68 =1 —
Height (cm) 1772 — 169 + 2 — 173+ 2 — 161 =2 —
V0, max (MLkg™"min~") 43 =1 — 33+3 — 25+2 — 20 =1 —
Body mass (kg) 83+5 83+5 63 +4 63 +4 803 81+3 68 =3 68 =3
Percent body fat 25+2 24 +2 302 31 =1 29+2 29 =1 392 382
Fat free mass (kg) 62 +3 62+3 43 +2 43 2 56 + 1 57 =1 41 =1 42 =1

All values are mean = SE.
None of the within group differences were significantly different.

eration were set for medium speed for concentric testing assess whether absolute changes in 1 RM strength with ST
(Con). The test initiation force was set at 50 N for the and detraining differed between age and gender groups,
quadriceps muscle group and 75 N for the hamstrings mus-absolute changes in 1 RM strength during ST and detraining
cle groups. PT was then measured at 0.52srdd using were analyzed in an agg genderX time (2 X 2 X 4)
three warm-ups and three maximal efforts. During the max- ANOVA.
imal effort trials, subjects were motivated with loud and To determine whether there were differences between the
consistent vocal encouragement. Each test was followedtwo isokinetic strength tests performed before training to
with a minimum of 30-s rest. The highest value obtained establish baseline testing, PT was analyzed using<a24
during the three maximal efforts was used as the PT value.(groupX time) repeated measures. An aggenderx time
Only values for the quadriceps are reported, since that was(2 X 2 X 4) analysis was performed to assess age and
the muscle group involved in the ST. gender effects on PT in response to ST and detraining.
Training program. The ST program consisted of five Planned comparisons were performed to assess within group
sets of unilateral knee extension exercise of the dominantdifferences using Tukey’s HSD and pairetkests. Because
leg on a Keiser K-300 leg extension machine. Subjects they were planned before data collection, these analyses
trained 3 dwk ~* for 9 wk. Each training session started with were performed independent of significafdratios in the
a light, 3-min warm-up on a cycle ergometer followed by overall ANOVA. All data are presented as meahsSE.
supervised stretching of the quadriceps and hamstring mus- Pearson product correlations were used to assess whether
cle groups. the increases in strength during ST were related to decreases
The training program consisted of a warm-up set com- in strength during detraining for all subjects pooled together,
prising 5 repetitions at approximately 50% of the 1 RM as well as when subjects were divided into age and gender
value for the trained leg, followed by 4 training sets. The groups. Using a Fischer transform and-test, the correla-
warm up set was followed by a 30-s rest period. The secondtions between the young and older subjects and between the
set consisted of 5 RM, which was adjusted as needed tomen and women were tested to examine whether the corre-
maintan a 5 RMthroughout training. This set was followed lations for each pairing were significantly different from
by a 1.5-min rest interval. The third set consisted of 10 each other. The level of significance was set at the 0.05 level
repetitions with the initial resistance set at the 5 RM value. for all comparisons.
During this set, subjects were instructed to perform as many
(rjeei?ggzzst r?es Feossiitlglr:ecgt_the 5 RM resistance ar_ld then tOfESULTS
just enough to accomplish 1 or
more repetitions. This process of lowering the resistance Subjects. Table 1 shows the physical characteristics of
was continued until a total of 10 repetitions were accom- all four groups. Before training, there were no significant
plished. This set was followed by a 2-min rest period. The differences in height between the young women and both
4th and 5th sets also started lwé 5 RMresistance and were  groups of men, or between the older women and young
similar to the 3rd set, except the subjects completed 15 andwomen, but the older women were significantly shorter than
20 repetitions, respectively. The 4th set was followed by a both groups of menR < 0.05). The body mass of the young
3-min rest period before the last set. During each set sub-men was similar to the older men, but significantly greater
jects were instructed to perform the concentric phasein than both groups of women (boih << 0.05). Percent body
s, and the eccentric phase in 2 s. The purpose of this fat was similar between the young and older men, whereas
protocol was to provide an individualized training program the older women had significantly greater percent body fat
that produced both a heavy relative resistance and highcompared with the other three groub@%axvalues for all
volume for each subject. Compliance to the training proto- four groups were consistent with their aerobically untrained
col was confirmed during every training session by direct status. Young subjects displayéd)ymax values that were
observation of every repetition from at least one of the significantly greater than the older subjects. In addition, the
investigators at all imes. The untrained leg was maintained young men had @,,,., values that were significantly
in a neutral position throughout the training program. greater than those of the young women gah< 0.05).
Statistical analyses. Changes in 1 RM strength and 1 RM strength tests. Figure 1 shows the within group
PT were assessed by ANOVA with repeated measures. Tochanges for the trained leg in response to training and
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Changes in 1 RM Strength for the Trained Leg

g Before Training

| After Training

12 wks of Detraining
[ 31 wks of Detraining

Older Women

Older Men

Young Women

Young Men

Figure 1—1 RM strength values in the trained leg before and after
training and at 12 wk and 31 wk of detraining. * Significantly different

from before training, P < 0.01. T Significantly different from before
training, P < 0.05. ¥ Significantly different from after training, P <

0.01. § Significantly different from 12 wk of detraining, P < 0.01.

detraining in each of the age and gender groups. All four
groups showed significant increases in 1 RM strength with
ST and significant reductions with 31 wk of detraining (all
P < 0.05, Fig. 1). There was a 3t 5% increase in young
men (82* 6 vs 107+ 8 kg, P < 0.01), a 39+ 4% increase

in young women (61 6 vs 84+ 6 kg, P < 0.01), a 27+

3% increase in older men (76 2 vs 96+ 3 kg,P < 0.01),
and a 29+ 4% increase in older women (42 2 vs 55+

3 kg,P < 0.01). At 12 wk of detraining, none of the groups
had strength values that were significantly different from
their values after the ST program. By the end of 31 wk of
detraining, the young and older men showed 1 RM values
that were still significantly higher than before trainirgy €
0.01 andP < 0.05, respectively) but were significantly
lower than values observed immediately after training and
after 12 wk of detraining® < 0.01). The strength value for
the older women at 31 wk of detraining was not significantly
different from their before training value and was signifi-
cantly lower than their immediately after training and 12 wk
detraining valuesR < 0.01). In contrast, the strength value
at 31 wk of detraining for the young women was still
significantly higher than before trainin@ < 0.01) and was
not significantly different from that obtained either imme-
diately after training or at 12 wk of detraining.

There were significantly greater increases in 1 RM
strength in the young compared with older subjects with ST
(34 = 3% vs 28+ 3%, P < 0.05) and significantly greater
losses in 1 RM strength with 31 wk of detraining in the older
compared with the young subjects (3#42% vs 8+ 2%,

P < 0.05) in the trained leg (see Fig. 2). There was no
significant difference between age or gender groups for
absolute changes in 1 RM strength during the first 12 wk of

detraining, but age did affect strength changes between 12

Changes in 1 RM Strength in the Trained Leg.Before Training
By Age and Gender

W After Training
& 12 wks Detraining

/—/%
™ 031 wks Detraining
100 .
v P <0.001
P=0.116
N
A

1 RM Strength (kg)
P o o
< < <>

[\
(==}

Men Women Young Older

Figure 2—1 RM strength values in the trained leg before and after
training and at 12 wk and 31 wk of detraining grouped by age and
gender. * Significantly different from before training, P < 0.05; T
Significantly different from after training, P < 0.05.  Significantly
different from 12 wk of detraining, P < 0.05. There was no significant
age x time x gender (P = 0.370) or genderx time interaction (P =

0.116), but there was a significant agex time interaction (P < 0.001).

training. However, there was no significant gendetime
interaction with training or detraining?(= 0.116). In ad-
dition, strength levels of both men and women remained
above baseline values at the end of the detraining period.
Moreover, relative strength changes between after training
and 31 wk of detraining were similar between men and
women (11% vs 10%, respectively).

Within-group changes for the untrained leg are shown in
Figure 3. The older men showed increases in 1 RM strength
in the untrained leg after training?(< 0.01) that were
maintained through 12 wk of detraining. By the end of the
31 wk of detraining, the older men showed 1 RM strength
in the untrained leg that was significantly lower than after
training (P < 0.01) and after 12 wk of detraining (< 0.01)
and was no longer higher than the before training value.
Older women did not show any significant increases in 1
RM strength with training or any changes during detraining
in the untrained leg. The young women significantly in-
creased their 1 RM strength with training & 0.01) and
maintained this increase throughout the detraining period

Changes in 1 RM Strength for the Untrained Leg
120 & Before Training
w After Training
@ 12 wks of Detraining
031 wks of Detraining

1§

100

80

2

< 60 .
2
ﬁ40;

20

0

and 31 wk of detraining, with the young subjects decreasing
strength less than the older subjects (6 kg vs $kg,0.05).
When men were pooled across age, strength levels wererigure 3—1 RM strength values in the untrained leg before and after
significantly lower at 12 and 31 wk of detraining compared training and at 12 wk and 31 wk of detraining. * Significantly different

ith riaht aft . h hi Is i from before training, P < 0.01. t Significantly different from before
with right aiter training, w erea_s_, strengt_ evels in women training, P < 0.05. ¥ Significantly different from after training, P <
at 12 and 31 wk were not significantly different than after 0.01. § Significantly different from 12 wk of detraining, P < 0.01.

Older Men Older Women

Young Men

Young Women
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Changes in 1 RM for T-UT Changes in Isokinetic PT for the Trained Leg

@@ Before Training 300
m After Training

& 12 wks of Detraining
031 wks of Detraining

Before Training
W After Training
@ 12 wks of Detraining

250 331 wks of Detraining

200
150
100

50

Peak Torque @ 0.52 rad  sec-1 (Nm)

Young Men Young Women Older Men Older Women Young Men Young Women Older Men Older Women

Figure 4—1 RM strength values for the difference between the
trained leg and untrained leg (T-UT) before and after training and at
12 wk and 31 wk of detraining. * Significantly different from before
training, P < 0.01. 1 Significantly different from after training, P <
0.01. F Significantly different from after training, P < 0.05. 8§ Signif-
icantly different from 12 wk of detraining, P < 0.01.

Figure 5—Isokinetic strength values at 0.52 rags™" in the trained leg
before and after training and at 12 wk and 31 wk of detraining. *
Significantly different from before training, P < 0.01. T Significantly
different from before training, P < 0.05.

and detraining were similar between groups when subjects

(P < 0.05), whereas the young men actually had increaseswere divided into men and women or young and older
during detraining P < 0.01) but not immediately after subjects, except when using the period between 12 and 31
training. wk of detraining. Therefore, except for the relationship

In the untrained leg, there was no significant interaction between these two detraining time points, subjects were
between age and gender or a difference in gender responsepooled together when assessing the relationships between
in 1 RM strength levels with training or detraining. How- changes in strength with ST and detraining. Significant, but
ever, the young subjects lost less strength compared with theweak, relationships were shown between increases in
older subjects during 31 wk of detraining < 0.05) and strength with ST and declines in strength after 12=(r
between 12 and 31 wk of detraining (< 0.05) in the —0.364,P < 0.05) and 31 (= —0.333,P < 0.05) wk of
untrained leg. Changes in 1 RM strength with training and detraining. In contrast, there was no significant relationship
12 wk of detraining showed no significant difference be- between gains in strength with ST and losses in strength
tween or within age groups in the untrained leg. between 12 and 31 wk of training when all subjects were

Because strength increased with training in both the combined. There was, however, a significant relationship
trained and untrained legs, we examined the question offor the older (r= —0.434,P < 0.05) but not for the young
whether the gains in the trained leg were still significant subjects (r= —0.170,P = NS) during this same time
after the changes in the untrained leg were subtracted. Theperiod. A strong relationship was observed between changes
within group changes for the difference between the trained in 1 RM strength during 12 wk of detraining and declines in
and untrained legs (T-UT) at each time point are shown in strength over the full 31 wk of detraining in the older=r
Figure 4. Changes in T-UT with training demonstrated 0.728,P < 0.01) but not young subjects & 0.115,P =
greater increases in the young subjects compared with theNS). Furthermore, there was no significant relationship be-
older subjectsk < 0.01) and in men compared with women tween declines in 1 RM strength during 12 wk of detraining
(P < 0.05). The T-UT for all groups was significantly and and declines in strength between 12 and 31 wk of detraining
substantially greater than before training at all time points for all groups combined. Nevertheless, there was a strong
(P < 0.01), except at 31 wk of detraining when the older significant relationship between losses in strength during the
women had a T-UT value that was similar to their baseline full 31 wk of detraining and losses between 12 and 31 wk of
value. At 12 wk of detraining, the older men had a T-UT that detraining (r= 0.851,P < —0.01) for all groups combined.

was significantly lower than their after training value € There were no significant relationships for changes in
0.05), whereas the other three groups had T-UT values thatstrength with ST and detraining in the untrained leg.
were not significantly different from their after training Isokinetic peak torque (PT). The within-group

values. By 31 wk of detraining, the older men, the young changes for isokinetic PT in the trained leg are shown in
men, and young women had T-UT values that were signif- Figure 5. Because there was no significant difference be-
icantly lower than their after training valueB € 0.01). The tween the two baseline isokinetic tests, the average of the
young men were the only group whose 31 wk T-UT de- two baseline tests was calculated and used as the before
training value was significantly lower than their value at 12 training value. The trained leg showed no age, gender, or
wk of detraining P < 0.01). time interactions for PT in response to ST and detraining,
Pearson product correlations were performed to assesdut a significant change in PT was shown with ST and
whether changes in 1 RM strength in response to ST weredetrainingPost hocanalysis revealed that neither young nor
related to losses in 1 RM strength with detraining. The older women showed any significant changes in isokinetic
relationships between changes in 1 RM strength during ST PT in the trained leg with ST or detraining. The older men
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showed a significant increase in PT at 12 wk of detraining difference in T-UT values between the young men and older
from baseline in the trained le@ (< 0.05), whereas young  women.
men showed a significant increase in PT after training and Despite within group differences between men and
at 12 and 31 wk of detraining?(< 0.01). women for strength declines during detraining, there was no
The young men were significantly stronger for PT at all genderx time interaction for changes in 1 RM strength with
time points in both the trained and untrained leg compared either training or detraining. Therefore, the reductions in
with the other three group$(< 0.05), except at 12 wk of  strength with detraining was not significantly different be-
detraining when the older men and young men had similar tween men and women (11 and 10%, respectively).
values. The young women had isokinetic PT values similar  Interestingly, age and gender differences in response to
to older men and women in both the trained and untrained ST may be in opposite directions for strength compared with
leg at all time points, except before training when the older muscle mass. We recently showed that increases in muscle
men had greater PT in the trained leg than the young womenmass in these same subjects were affected by gender, but not
(P < 0.05). The young women demonstrated significantly by age (16), with men increasing their muscle mass twice as
lower PT than the young men at all time points in both the much as women. This differential strength and muscle mass
trained and untrained led?(< 0.05). At all time points, in response to ST suggests that the neural adaptations to ST
both the trained and untrained leg, the older men were may be affected by age and/or gender. Some support for this
significantly stronger than the older women and were sig- hypothesis comes from the varying changes in cross-educa-
nificantly weaker than the young meR € 0.05), except at ~ tion between groups in the untrained leg, as well as the
12 wk of detraining when the PT of the untrained leg was strength results in the trained leg from the nontraining
similar between the older and young men. The isokinetic specific isokinetic tests. In this regard, cross-education ef-
strength of the older men was similar to the young women, fects and strength increases that are specific to the training
except at 12 wk of detraining when the PT of the older men apparatus are thought to be good indicators of neural adap-
was significantly greater than the young women in the tations with ST. In our study, the older men and young
trained leg P < 0.05). At all time points the older women women both demonstrated a cross-education effect and no
had PT values that were significantly lower than both the significant change in isokinetic strength, suggesting that
older and young menP(< 0.05) but similar to the young  some of the increases in 1 RM strength in the trained leg in
women. these two groups are likely due to neurological adaptations,
perhaps alterations in motor unit recruitment patterns. In
contrast, neither the young men nor older women showed a
significant cross-education effect when comparing baseline
DISCUSSION 1 RM strength values with after training values. In addition,
The results of this study show for the first time that age only the young men showed a significant increase in isoki-
affects changes in 1 RM strength with ST, whereas gendernetic PT after training, suggesting fewer alterations in motor
does not. In response to 9 wk of ST, young subjects showedunit recruitment patterns.
greater increases in 1 RM strength compared with the older Previous research has shown that despite the higher base-
subjects (34 3% vs 28 £ 3%, respectively) Although line strength values in young compared with older individ-
these changes in 1 RM strength are significantly different uals, the ST-induced increases in strength are similar be-
between young and older subjects, both groups made subiween young and older subjects, ranging fren30 to 44%
stantial strength gains. In contrast to the changes in 1 RMincrease (7,17,26,38). In the present study, we demonstrated
strength with training, changes in 1 RM strength during 12 that young subjects increased their 1 RM strength signifi-
wk of detraining showed no differences between young and cantly more than older subjects both before and after ac-
older subjects, or between men and women. Even aftercounting for changes in the untrained leg. The increases for
controlling for changes in the untrained leg, there was no the young and older groups were 343% and 28+ 3%
age or gender effects on declines in 1 RM strength with 12 respectively, which amounted te 24 kg average increases
wk of detraining. However, young subjects did show in young subjects compared witk16 kg in the older
smaller declines in 1 RM strength over the full 31 wk of subjects.
detraining. This resulted from the older subjects demonstrat- We have no data in the present investigation to determine
ing a greater loss of 1 RM strength than young subjects the mechanism for the smaller increase in 1 RM strength in
between 12 and 31 wk of detraining. response to ST in the older compared with young subjects.
Our finding that gender does not affect 1 RM strength However, one possible mechanism could be related to the
gains in response to ST is consistent with previous studies inage-associated loss of Type Il fiber number (19) and size
young (5,6) and older (4,9) individuals. However, the find- (21) that have been reported previously. Lexell et al. (20)
ing that men show greater increases in 1 RM strength thanshowed a selective increase in Type Il fiber area in older
women, when controlling for changes in the untrained leg, men and women in response to ST, whereas Taaffe and
has not been reported previously to our knowledge. Why Marcus (31) showed an increase in both Type | and Il fiber
this gender difference appears after controlling for the area. Whether there is a reduced number and size of Type Il
changes in the untrained leg is unclear. The gender differ-fibers in the older subjects that could contribute to their
ence in the T-UT data appears to be the result of the largedecreased ability to increase their 1 RM strength in response
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to ST is unknown. Regardless of the mechanism that would show that strength can be maintained during a period of
explain this age difference in response to training, it should detraining in both young and older men and women, this is
be emphasized that the relative increases in strength bethe first study that we are aware of that has shown no
tween the age groups were not substantially different. Fur- significant gender effect for the loss of strength with
thermore, frail older individuals, the subset most likely to detraining.
benefit from ST, have demonstrated very large relative  Our analysis of the relationship between strength gains
increases in strength from such programs (9). The 28% with ST and strength losses with detraining revealed the
increase in strength in our older subjects in the present studyfollowing: a) no significant relationship between gains in
represents a reversal of 30 yr of the age-associated strength in response to ST and losses during 12 to 31 wk of
decline in strength. detraining, b) losses in 1 RM strength during the full 31 wk

Our finding that 1 RM strength is maintained during 12 of training were strongly associated with the losses in
wk of detraining is consistent with some previous studies in strength between 12 and 31 wk, and c) the losses during the
both young (35,36) and older individuals (20,31). The find- first 12 wk of detraining were not related to the losses that
ing that older individuals decrease 1 RM strength more than occurred between 12 and 31 wk when all subjects were
young individuals after 31 wk of detraining has not been combined, but were strongly related in older subjects. Thus
reported previously. The young subjects decreased their 1providing further support for our finding that losses in
RM strength by 6+ 2%, between 12 and 31 wk of detrain- strength during detraining are influenced by age.
ing, whereas the older subjects decreased 1 RM strength by In summary, the results of this study show that age does
13 = 2% during the same time period. Thus, the-8% influence the changes in 1 RM strength during both ST and
total strength decrease in the young group compared withdetraining, whereas gender does not. However, after 31 wk
the 14+ 2% decrease in 1 RM strength of the older subjects of detraining, strength values were reduced to below the
during the full 31 wk of detraining was explained primarily level observed right after training in men, but this difference
by this differential loss in strength between 12 and 31 wk of did not quite reach statistical significance in women. The
detraining. Possible explanations for this unequal loss of findings in the present study along with our other report (16)
strength between 12 and 31 wk of detraining could include suggests that disuse atrophy does not entirely explain the
a greater decrease in fiber size with detraining and a greaterdecreases in muscular strength with advancing age. Never-
loss of motor unit recruitment efficiency by the older sub- theless, the results do reinforce the idea that older individ-
jects. Taaffe and Marcus (31) demonstrated that with 12 wk uals can respond well to ST, and maintain ST-induced
of detraining, 1 RM strength values decreased 5% andincreases in muscular strength just as well as young indi-
ST-induced increases in Type | and Il fiber area had revertedviduals for at least 12 wk after training has ceased.
to baseline values. In the current study, 1 RM strength
showed no significant changes for young and older subjects
over a similar time period as Taaffe and Marcus (31). We would like to thank Dr. Barbara Albert for her help with

he lack of d if for both d old screening the subjects, Dorothy O’Donnell for her help with subject

T_ € aC_ or a gender e_e_Ct _OI‘ Ot_ young_ an 0_ €' recruitment and Kevin Cross, Bob Harper, Joe Gillespie, Ken Lytle,
subjects with 31 wk of detraining is consistent with previous Lindsay Mulinazzi, Dan Oetken, and Autumn Powell for their help in
data in young men (6) and young women (30), demonstrat- training the subjects throughout the study. Also, we would like to
. . ' . thank Mary Lott and Steve Roth for their overall contribution to this
Ing Strength mamFen_ance throth 31 wk of detrammg' It project. Lastly, we would like to thank the staff at the University of
also extends the findings of Lexell et al. (20) who showed Maryland Wellness Research Laboratory for their assistance with
that a group of older Scandinavian men and women were the conduct of this study and a very special thanks to all the subjects

) . . . . who volunteered for this study.
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training. The study by Lexell et al. (20) did not assess tional Institute of Health, National Institute on Aging, no. 1-AG-4-
whether changes in strength during a period of detraining 21‘/‘&dress or comesoondence: Ben Hurley. PhD.. Deot. of Kine.
differed between genders. Thus, although previous findings e ' AR ;

g . "I siology, University of Maryland, College Park, MD 20742; E-mail:
are in accordance with the results of the current study, which bh24@umail.umd.edu.

REFERENCES

1. Brown, M., and J. O. WLLoszy. Effects of walking, jogging, and trained and untrained young adultdded. Sci. Sports Exer@7:
cycling on strength, flexibility, speed, and balance of 60-to 72- 397-403, 1995.
year olds.Aging Clin. Exp. Res:427-434, 1993. 6. CoLLIANDER, E. B., and P. A. EscH Effects of detraining follow-

2. BuchNER, D. M., and B. JpeLateur. The importance of skeletal ing short term resistance training on eccentric and concentric
muscle strength to physical function in older aduksn. Behav. muscle strengthActa Physiol. Scandl44:23-29, 1992.

Med. 13:91-98, 1991. 7. Qraig, B. W., J. BvernHART, and R. Bown. The influence of

3. CawpeeLL, A. J., M. J. BRRIE and G. F. 8ears Risk Factors for falls high-resistance training on glucose tolerance in young and elderly
in a community-based prospective study of people 70 years and older. subjectsMech. Ageing Dev49:147-157, 1989.

J. Gerontol. A Biol. Sci. Med. Scl4:M112-M117, 1989. 8. DubLeY, G. A., P. A. TescH B. J. MLLER, and P. BICHANAN.

4. CawpeeLL, W.W., M. C. Gam, V. R. Young, and W. J. kans. Increased Importance of eccentric actions in performance adaptations to
energy requirements and changes in body composition with resistance  resistance trainingAviat. Space Environ. Me6#2:543-550, 1991.
training in older adultsAm. J. Clin. Nutr60:167-175, 1994, 9. RATARONE, M., E. F. O'NeILL, N. D. Rvan, et al. Exercise training

5. Castro, M. J., D. J. McCanN, J. D. SiAFFrATH, and W. C. Adaws. and nutritional supplementation for physical frailty in very elderly

Peak torque per unit cross-sectional area differs between strength-  people.N. Engl. J. Med330:1769-1775, 1994.

EFFECTS OF STRENGTH TRAINING AND DETRAINING Medicine & Science in Sports & Exercisee 1511



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Fynn, M. A., G. B. NoLpPH, A. S. Baker, W. M. MarTIN, and G.
Krause. Total body potassium in aging humans: a longitudinal
study.Am. J. Clin. Nutr.50:713-717, 1989.

FronTERA, W. R., C. N. MereDITH, K. P. O'ReILLY, H. G. KnuT-
TGeNn, and W. J. Eans. Strength conditioning in older men: skel-
etal muscle hypertrophy and improved functidn App. Physiol.
64:1038-1044, 1988.

HeinoNen, A., H. SevANEN, P. Kannus, P. Qia, and |. VUoRL
Effects of unilateral strength training and detraining on bone
mineral mass and estimated mechanical characteristics of the
upper limb bones in young womed. Bone Miner. Resl1:490—
501, 1996.

HurLeY, B. F., R. A. Reomonp, R. E. RRaTLey, M. S. TRUETH,

M. A. Rocers and A. P. ®Lpgera. Effects of strength training on
muscle hypertrophy and muscle cell disruptibri. J. Sports Med.
16:378-384, 1995.

Hvatt, R. H., M. N. WHiTELAW, A. BHAT, S. SortT, and J. D.
MaxweLL . Association of muscle strength with physical functional
status of elderly peoplédge Ageingl9:330-336, 1990.

IMAMURA, K., H. AsHipaA, T. IsHikawa, and M. Ruaii. Human
major psoas muscle and sacrospinalis muscle in relation to age: 30
a study by computed tomography. Gerontol.38:678—-681,

1983.

vey, F. M., S. M. PotH, & R. E. FerreLL. Effects of age, gender,

and myostatin genotype on the hypertrophic response of heavy 31
resistance strength training. Gerontol. A Biol. Sci. Med. Sdn
press.

Kaurrman, T. L. Strength training effect in young and aged
women.Arch. Phys. Med. Rehabi66:223-226, 1985.

Kevs, A., H. L. TavLoR, and F. Ganpe. Basal metabolism and age

of adult man.Metabolism22:579-587, 1973.

Larsson L., G. Grimey, and J. KarLsoN. Muscle strength and
speed of movement in relation to age and muscle morphology.
J. Appl. Physiol46:451-456, 1979.

LexeLL, J., D. Y. DownHam, Y. LArRssoN E. Brunn, and B.
MorsiNg Heavy-resistance training in older Scandinavian men
and women: short- and long-term effects on arm and leg muscles.
Scand. J. Med. Sci. Sporfs329—-41, 1995.

LexeLt, J., C. C. RvLor, and M. Sostrom. What is the cause of
the ageing atrophy? Total number, size and proportions of differ-
ent fiber types studied in whole vastus lateralis muscle from 15- to
83-year-old menJ. Neurol. Sci84:275-294, 1988.

Lipsitz, L. A., . Nakasiva, M. Gacnon, et al. Muscle strength and
fall rates among residents of Japanese and American nursing
homes: an international cross-cultural studyAm. Geriatr. Soc.
42:953-959, 1994.

Naricl, M. V., G. S. R, L. Lanooni, A. E. MiNeTTi, and P.

CerreTELLL. Changes in force, cross-sectional area and neural 38.

activation during strength training and detraining of the human
quadricepsEur. J. App. Physiol59:310-319, 1989.

1512 Official Journal of the American College of Sports Medicine

24.

25.

26.

27.

28.

29.

32.

33.

34.

35.

36.

37.

Nckias, B. J., A. S. Ran, M. S. TRUETH, et al. Testosterone,
growth hormone and IGF-1 r, growth hormone and IGF-1 re-
sponses to acute and chronic resistive training in men aged 55-70
years.Int. J. Sports Med16:445-450, 1995.

Pottock, M. L., J. F. GrroL, J. E. QRaVEs, et al. Injuries and
adherence to walk/jog and resistance training programs in the
elderly. Med. Sci. Sports Exer@3:1194-2000, 1991.

RaL, L. C., S. N. Meypani, J. J. KeHAYiAs, B. Dawson-HUGHES,

and R. Pusenorr The effect progressive resistance training in
rheumatoid arthritis: increased strength with changes in energy
balance or body compositioArthritis Rheum39:415—-426, 1996.
SiLe, D. G. Neural adaptations to resistance trainihgd. Sci.
Sports Exerc20:S135-S145, 1988.

SAUVAGE, L. R., B. M. MykLeBusT, J. GRow-Pan, et al. A clinical

trial of strengthening and aerobic exercise to improve gait and
balance in elderly male nursing home resideAts. J. Phys. Med.
Rehabil.71:333-342, 1992.

Sorzo, G. A., B. G. McManis, D. Brack, D. Lunierwski, and

K. C. <riBer. Resilience to exercise detraining in healthy older
people.J. Am. Geriatr. Soc43:209-215, 1995.

. SaroN, R. S., M. J. leonarpl, D. L. KaraPONDO, et al. Strength

and skeletal muscle adaptations in heavy-resistance-trained
women after detraining and retraining.. App. Physiol70:631—
640, 1991.

. Taarrg, D. R., and R. Mrcus. Dynamic muscle strength alter-

ations to detraining and retraining in elderly m&in. Physiol.
17:311-324, 1997.

TRUETH, M. S., A. S. RaN, R. E. RRATLEY, et al. Effects of strength
on training on total and regional body composition in older men.
J. Appl. Physiol.77:614—620, 1994.

TzankorF, S. P., and A. H. Nrris Effect of muscle mass decrease on
age-related BMR changes. Appl. Physiol43:1001-1006, 1977.
Tzankorr, S. P., and A. H. NRrris. Longitudinal changes in basal
metabolism in manJ. Appl. Physiol45:536-539, 1978.

VUOR], I., A. HEINONEN, H. SEVANEN, P. Kannus, M. Pasanen, and

P. Ona. Effects of unilateral strength training and detraining on
bone mineral density and content in young women: a study of
mechanical loading and deloading on human bo@eafif. Tissue.
Int. 55:59-67, 1994.

WEIR, J. P., D. J. ldusH, T. J. HousH, and L. L. WEIR. The effect

of unilateral eccentric weight training and detraining on joint angle
specificity, cross-training, and the bilateral defict. Orthop.
Sports. Phys. TheR2:207-215, 1995.

WEIR, J. P., T. J. ldusH, L. L. WEIR, and G. O. dunson Effects

of unilateral isometric strength training on joint angle specificity
and cross-trainingeur. J. App. Physiol70:337-343, 1995.

WELLE, S., C. THornTON, and M. Satt. Myofibrillar protein
synthesis in young and old human subjects after three months of
resistance trainingAm. J. Physiol268:E422—-E427, 1995.

http://www.msse.org



