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ABSTRACT

BELMAN, M. J. and G. A, GAESSER. Exercise training below and
above the lactate threshold in the elderly. Med, Sci. Sports Exerc.,
Yol. 23, No. 5, pp. 562-568, 1991. In this study we report the effects
of training at intensities below and above the lactate threshold on
parameters of aerobic function in elderly subjects (age range 65~75
yr). The subjects were randomized into high-intensity (HI, N = 8
75% of heart rate reserve = ~82% VO = ~121% of lnctate
threshold) and low-intensity (LI, ¥ = 9; 35% of heart rate reserve =
~53% VO = ~72% of lactate threshold) training groups which
trained 4 d.wk™' for 30 min.session™ for 8 wk, Before and after the
training, subjects performed an incremental exercise test for deter-
mination of maximal aerobic power (VOymy) and lactate threshold
(LT). In addition, the subjects performed a 6-min si ngle-stage exercise
test at >75% of pre-training VOsmq (SST-High) during which cardi-
orespiratory responses were evaluated each minute of the test. After
training, the improvements in VOsumax (7%) for LI and HI were not
different from one another (AVOopmy for LI = 1,8 + 0.7 ml. kg~
min™; AVOy,, for HI = 1.8 + L.O mi-kg™' min™") but were signifi-
cantly greater (P = 0.02) than the post-testing change observed in the
control group (N = §). Training improved the LT significantly (10-
12%; P < 0.01) and equally for both LI and HI (ALT for LI = 2.3 =
0.6 ml O-kg™'-min~"; ALT for Hl=1.8+ 08 ml O,-kg™' minY),
In comparison with controls, during the post-training SST-High for
LI and HI, there were significant training-induced reductions in the
exercise heart rate, Ve, and VCO,. These results demonstrate that,
for previously sedentary elderly subjects, 8 wk of low-intensity train-
ing (i.e., below the LT) provide comparable increases in VOiay and
LT and decreases in cardiorespiratory responses to high-intensity
exercise, as compared with 8 wk of high-intensity training (i.e., above
the LT). We conclude that low-intensity, sub-LT walking training (as
defined herein) is an adequate aerobic training stimulus for producing
modest gains in aerobic power in previously sedentary elderly sub-
jects.

AGED, PHYSICAL TRAINING, AEROBIC POWER,
EXERTION, HEART RATE

Various authorities, such as the Council on Scientific
Affairs of the American Medical Association (7), have
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encouraged the elderly to exercise on a regular basis.
However, considerably more is known about the nature
of the training response and the roles of intensity,
frequency, and duration of exercise in eliciting adapta-
tions in younger, as compared with older, individualg
(1,22,30).

The most frequently used criteria to evaluate training
effects in the elderly are VOapay, and reduced heart rate
Iesponses to submaximal exercise (2,9,12,15,18,24,
25,27,29,31-33). The lactate threshold (LT), a parame-
eter of aerobic function used to assess physical working
capacity (10), is increased by exercise training in young
populations (26) but has not been systematically eval-
uated in elderly individuals engaged in training pro-
grams, The ventilation threshold (used as an index of
the LT (10)) also has been shown 10 be increased in
young (26) and middle-aged (1'1) males after intensive
endurance training, However, studies of the adaptation
of the ventilation threshold o endurance training in
the elderly are inconsistent, Thomas et al. (33) reported
no change in the ventilation threshold in clderly sub-
jects after 12 months of training. In contrast, Blunien-
thal et al. (5) reported a 13% increase in the venlilation
threshold in elderly subjects afier 4 months of training,

In all previous studies in the elderly, exercise training
has been prescribed on the basis of a percentage of
VO2max 0r maximum heart rate. However, thug far in
the elderly, training intensities have not been prescribed
on the basis of the LT. It remained to be established
whether improvement in this parameter required a
training intensity above the LT. With this purpose in
mind, we compared training adaptations in clderly
subjects (ages 65-75 yr) assigned to low- and high-
intensity groups, with the low-intensity exercise group
training bplow their LT and the high-intensity exercise
§roup tramning above thejr LT, We were specifically
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interested in the effects of training on VOamas, LT, and
cardprespu‘atory responses during high-intensity sub-
maximal exercise,

METHODS

. Subjects. Subjects were recruited from the surround-
ing community by means of advertisements in the local
newspapers. Criteria for selection included the follow-
ing; age between 65 and 75 yr and absence of cardiac,
pulmonary, and bone or joint disease as determined by
history, physical examination, resting and exercise elec-
trocardiogram, and pulmonary function tests, which
included spirometry and lung volumes. In addition,
only subjects who had not participated in endurance
exercise activities such as walking, running, cycling, or
swimming for at least 3 months prior to the study were
acceptable. Written consent was obtained from all sub-
jects, and the experimental procedures were approved
by the Institutional Review Board. Of the 18 subjects
accepted (nine men and nine women), 17 completed
all components of the study. One female subject devel-
oped leg pain and was unable to complete the last
incremental exercise test. Descriptive physical data are
presented in Table 1.

We used control subjects from a concurrent study (4)
in our laboratory which involved subjects of the same
age and physical characteristics (Table 1). These sub-
jects were recruited by the same means as the trained
subjects and underwent identical testing procedures,
with the exception of the measurement of the lactate
threshold,

Testing series. Prior to initiating the training pro-
gram, each subject underwent a series of exercise tests
on a treadmill. These included two incremental exercise
tests (JET) and one 6-min high-intensity single-stage
test (SST-High). The first IET was used as a practice
test to acquaint the subjects with the exercise protocol
(described below). The second IET, which was admin-
istered approximately 1 wk after the first IET, was used
for determination of maximal cardiorespiratory indices
and the lactate threshold (described later). The SST-
High was administered within a week of the second IET
and was used to evaluate steady-rate submaximal ex-
ercise cardiorespiratory responses. After training, the
IET and SST-High were administered again, with the
IET being conducted within 2 d after the last training

TABLE 1. Age and physical characteristics of subjects.

Group Age (y1) Height (cm)
: 4

Low-Intensity (L) (5 males; 4 females) 68.4 & 1.1 167 £
Jntensity (M) (4 males; 4 females 69.4+ 1.1 167 £ 4
i ) 67313 166 + 3

Contro! (4 males; 4 females)
Values are means = SEM.
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session and the SST-High 2 d after the IET. For each
subject, tests were conducted at the same time of day
throughout pre- and post-training testing sessions. Sub-
jects refrained from food and from drinks containing
caffeine for a minimum of 2 h prior to each test.

Incremental exercise test (IET). The IET began
with the subject walking for 2 min at 1.4 mph on a
level grade and then for 2 min at 2.5 mph on a level
grade. Thereafter, the grade was increased by 2% every
minute until a grade of 20% was reached. If the subject
could continue, the speed was increased each minute
to the following speeds (3.0, 3.3, 3.6, 4.0, 4.3, 4.6, and
5.0 mph) until the subject signaled for the termination
of the test. During the test the subject breathed humid-
ified air through a low-resistance valve (Koegel & Co.,
San Antonio, TX). Inspired air was measured by a
turbine ventilation measurement module (Alpha Tech-
nologies, Laguna Hills, CA), while mixed expired air
was sampled from a 5-1 mixing chamber for concentra-
tions of O, and CO; using a mass spectrometer (Perkin
Elmer MD #1100). After analog-to-digital conversion
of signals from these instruments, pulmonary gas ex-
change measures were calculated every 15 s by an IBM
PC-AT microcomputer using standard open-circuit in-
direct calorimetry procedures (21). The data from the
last 15 s of each minute were taken as the value for that
minute. Heart rate was recorded continuously by elec-
trocardiogram. At the end of each minute of exercise
during the IET, blood was drawn from an indwelling
catheter in a forearm vein and immediately deprotein-
ized in ice-cold 8% perchloric acid. The acid extracts
were stored at —5°C until analyzed for lactate (19).

In all subjects accepted into the study, the final R
value of the IET was greater than 1.10 and there was a
<50 ml increase in VO;; between the last two VO,
measurements (expected VO, increase was 100-200 ml,
based upon slope of VO, vs treadmill intensity relation-
ship).

High-intensity single-stage test (SST-High). The
VO, during the SST-High ranged between 77 and 95%
of the pretraining VO and represented a VO, above
the lactate threshold for all subjects in the training
groups. The duration of the SST-High was 6 min.
During each minute of each SST, pulmonary gas €x-
change measures and heart rate Were determined as
described for the IET. Data aré reported for the final
minute of the test. For the SST-High, the X (+ SE)

Pre-Training Post-Training Resting Heart
Weight (ka) Weight (kg) Rate (bpm)
712453 706+ 49 69 4
700£75 70072 68 =2
747+ 43 749 £ 47
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speed and grade for all subjects were 2.5 + 0.1 mph
and 10.5 + 1,2%, respectively.

Determination of the lactate threshold. The lactate
threshold was determined using a modification of the
method of Beaver et al. (3), in which log lactate vs log
VO, is plotted on a linear set of coordinates. It has been
reported that the abrupt transition from a slow increase
in blood lactate to a phase of rapidly accelerating in-
crease is more easily defined using a log-log model as
compared with a rectilinear plot (3). An example of the
log-log plot is presented in Figure 1. In the original
method of Beaver et al., the lactate threshold was
determined as follows. A breakpoint was determined
by visual inspection of data points, and, subsequently,
linear regressions were performed on the data points
below and above the breakpoint, with the lactate thresh-
old defined as the intersection of the two regression
lines. In exercise testing of the elderly, it was our
observation that in many individuals few points were
present above the breakpoint so that regression analysis
of the post-threshold points was unreliable, Therefore,
we defined the lactate threshold as the point on the log-
log plot at which blood lactate concentration increased
rapidly. Both investigators determined the LT by using
coded photocopies of the data, thus having no knowl-
edge of subject, group, or date of test. The average of
the two independent determinations was taken to be
the LT. Data from only {3 subjects were included in
the analyses of training effects on the LT. In two of the
subjects (one in each group), LT could not be identified,
primarily because of low blood lactates (<2 mM during
the last minute of exercise). One subject could not
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Figure 1—Illustrates the method of lactate threshold determination
(see text). Pre-training values are shown as squares, post-training
values as circles. Solid symbols represent points above the LT,
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perform the post-training IET (leg pain), and in one
subject we were unable to maintain a patent venous
catheter in the post-training IET. In 17 of the 26 tests,
both investigators selected the same point as the LT, In
eight of the 26 tests, the differences in LT determined
by the two investigators were between 20 and 90 ml
0, -min~' (2-7% difference). In one test the difference
was 140 ml O, -min™! (15% difference).

Training program. After completion of the prelimi-
nary testing, subjects were randomly assigned to cither
a low-intensity (LI) or high-intensity (HI) walking ex-
ercise group. Both groups walked 30 min-d™', 4 d. wk™"
for 8 wk. The low-intensity group exercised at a heart
rate calculated to elicit 35% of the heart rate reserve
(HRR); i.e., exercise heart rate = ((maximum - resting)
% 0.35) + resting. For all subjects in the low-intensity
training group, this exercise intensity elicited a VO,
below the lactate threshold, with the group mean =
~72% of LT and = ~53% VOama. The high-intensity
group exercised at a heart rate calculated to elicit 75%
of the HRR. For all subjects in the high-intensity train-
ing group, this exercise intensity elicited a VO, above
the lactate threshold, with the group mean = ~121%
of LT and = ~82% VOama. During training the heart
rate of each subject was monitored continuously by
means of a wristwatch pulse monitor (Vital Signs,
model 61330, Country Technology Inc., Gays Mills,
WI). The accuracy of these pulse monitors was estab-
lished by comparing pulse rate obtained by the wris-
twatch monitor with actual ECG recordings obtained
during exercise on the treadmill. The monitors were set
so that the target heart rate fell within a 10 beat range
of the upper and lower limits set on the monitor (i.c.,
subjects could exercise within &5 bpm of prescribed
intensity). An alarm sounded when the heart rate of
the subject was out of the preselected range. Subjects
were instructed in the use of the monitors and were
accompanied by one of the investigators or a laboratory
technician during the first few training watks to ensure
that each subject exercised at the appropriate intensity.,
All training sessions were performed outdoors on the
hospital grounds, and the subjects checked in and out
before and after each session. Each of the 17 subjects
exercised the full 30 min of all 32 training sessions.

Statistical analysis. To evaluate differences between
groups as a result of training, the following procedures
were employed. Post-testing changes were calculated as
differences between pre- and post-testing values for cach
subject in each group. Planned comparisons (14) were
then performed on the differences (i.e., delta scores) to
detect statistical significance between groups. Two com-
parisons were of interest: 1) LI training vs HI training
and 2) either LI or HI vs control group of (LI + HI) vs
control group (if LI and HI were not significantly
different from one another). For the LT analysis, a two-
way analysis of variance with repeated measures
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(BMDP2V) was used to evaluate differences between
LI and HI in response to training (13).

RESULTS

Incremental exercise. Results of the IET are pre-
sented in Table 2. Statistical analysis revealed that post-
training increases in VO, and total exercise time
during the IET for the two training groups were signif-
icantly greater than the changes observed in the control
group. The changes in VOauma and exercise time during
the IET for both trained groups were not different from
one another. In the trained groups, the mean improve-
ments in aerobic power were the same (1.8 ml-kg™'
min~'; 7%). Maximal values for Vi, R, and HR were
not changed after training.

We analyzed the training adaptations as a function
of gender after combining the two training groups (since
no intergroup differences were observed). For all max-
imal cardiorespiratory measures that changed after
training, including time of test, there was a trend for
greater improvement demonstrated by the females,
However, the gender differences in training adaptation
did not rcach the minimum probability level required
for statistical significance (0.05 = P < 0.10).

High-intensity single-stage exercise. During the
post-training SST-High, reductions in Vi, VCO,, and

HR. for groups LI and HI were significantly greater than-

the changes observed in the control group but were not
different from one another (Table 3). VO, demon-
strated a trend toward being lower in the post-training
test for LI and HI; however, the planned comparison
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analysis revealed P values that were not quite sufficient
to reach statistical significance (i.e., 0.06 < P < 0.07).
The changes after training for males and females were
virtually identical, with statistical analysis indicating no
gender influence in the training adaptations,

Lactate threshold. The LT was increased for both
the LI and HI groups after training (Table 4). For LT
data, the statistical comparisons were performed on N
= 13. The mean (x SE) improvement in LT for the LI
group (2.3 + 0.6 ml Oy-kg™'-min~'; 12%) was not
significantly different from the improvement shown by
the HI group (1.8 + 0.8 mi O,-kg™'-min™"; 10%).
Statistical analysis indicated that the males and females
did not differ in their improvement in LT after training.
As a percentage of VOanma, the LT was not increased
after training. The training effect on the LT for one of
the subjects is displayed graphically in Figure 1.

DISCUSSION

The main finding of this investigation was that, fol-
lowing an 8-wk exercise program, low-intensity walking
training was just as effective as high-intensity walking
training for improving physical working capacity in a
previously sedentary group of elderly individuals. This
was shown by equal improvements in the LT and
VOamax and equal reductions in cardiorespiratory meas-
ures while exercising at a high intensity (SST-High). We
acknowledge the fact that our conclusion concerning
the increase in LT demonstrated by our two training
groups was made without having control data for this
parameter; however, results of the post-test IET and

TABLE 2. Effects of training on maximal cardiorespiratory measures during incremental exercise

L+ HI
vs Con-
Parameter Group Pre Post Change Livs HI* trol*
Vengs (1 min~" U 714 + 7.0 786 + 7.3 72
i ! Hi 66.0 +10.3 66.4 + 69 +0.4 0.189 0.802
Contral 867 + 7.7 694 + 91 +25
VO (M- kg™ min™ Ll 254 + 1.8 272 + 18 +18
s (11749 ) Hi 243 + 23 %1 + 22 +18 0.9% 0.020
Control 259 + 2.0 253 + 24 —0.6
VCOamex (M- kg™ min~" u 301 * 22 328 = 17 +2.7
OOame 6 ) i 25 + 38 05 + 29 +20 0533 0.260
Control 283 + 24 292 + 31 +0.8
R L 119 001 121+ 003 +0.02
HI 134+ 005 147+ 0.04 +0.03 0.847 0.340
Cantrol 1.09+ 0.02 1154 0.02 +0.06
L 156 =+ 3.2 151 =+ 5 -5
HRnax H 146 + 6 140 =+ 5 -6 0.752 0.051
Control 146 & 4 148 =+ 6 +2
‘ u 848 £ 61 912 +852 +64
Time of Test (5 HI 773 %78 856 64 +83 0.734 0.042
Control 825 60 832 +69 +7

= ject | -training IET; thergfore, for IET analysis the L! group was reduced
T values are means == SEM {1 = 8 for all groups), One female subject in the LI group did not complete the post-training IET; th s : 5
ﬁ)l five males and three femal((es. The age and physical characteristics of this subgroup were not changed from those reported in Table 1 for the LI group {i.e., age = 68.8 +'1.2

yr; helght == 167 = 4 om; pre-training weight = 71 2+ 6.1 kg; post-training weight =

* P valles are for comparison of delta values (pre-post) for groups indicated.

70.5 £ 5.5 kg
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TABLE 3. Effects of training on cardiaresplratory responses during high-intansity submaximai exercise.

L+ Hi
vs Con-
Parameter Group Pre Post Change Livs HI* trol*
Ve (- min~! ] 528 £6.6 465 £5.1 ~6.3
elomi) Hl 553 +7.1 488 £74 —6.5 0.950 0.011
Control 455 +55 458 +£49 +04
VO, {ml kg™ - min™ L 218 +£12 206 =14 —-1.2
(e ) HI 232 +£22 220 +£25 ~1.2 0.906 0.067
Control 202 +20 203 £16 +0.1
VGO, (ml- kg™ -min~" L 230 =186 212 14 —1.2
riiks ) HI 247 +31 229 £33 ~1.8 0.977 0.020
Control 194 +22 194 +20 0
R L 105002 1.08 £ 0.02 —0.02
HI 1.05 £ 0.04 1.02 £ 0,03 —0.03 0.818 0.520
Control 0.96 + 0.02 0.95 £ 0.02 —0.01
HR (bpm u 133 =7 126 =*5 —8
foom) Hl 135 5 124 %5 -1 0.341 0.002
Control 126 £5 128 =6 +2

Values are means = SEM (N = 9 for LI; N = 8 for Hl; N = 8 for controls),
* P values are for comparison of delta values (pre-post) for groups indicated,

TABLE 4, Effects of training on the lactate threshold.

Parameter Group Pre-Training  Post-Training  Pre-Post* Interaction*
LT(ml-kg™.min™ U 19418 217x14
0.002 0.57
H  180x15 198x15
LT (%VO3nar) L 75718 787+22
0.43 0.63
H  680+29 68723

Values are means = SEM (N = 7 for low-intensity group; N = 6 for high-intensity
group). See Methods, “Determination of the lactate threshold,” for explanation of
teduced N for each group.

* P values are from results of a repeated measures ANOVA.

SST-High revealed no changes in the controls, and we
deem it unlikely that the LT would have changed in
the control group without concomitant changes in any
of the other indices of training adaptation.

There is very little information on the LT and train-
ing in the elderly. The data of Seals et al. (28) could be
interpreted to show that 6-12 months of training im-
proved the LT in their elderly subjects (ages 61-67).
With respect to studies (5,33) using noninvasive esti-
mates of the LT (i.e., ventilation threshold), the results
are inconsistent, Thomas et al. (33) reported that 12
months of training (3 d-wk™!, 30 min-session™', 65—
80% VO,ume) failed to improve the ventilation threshold
in elderly subjects (mean age = 62 yr), although VOsmax
was increased by 18%. In contrast, Blumenthal et al.
(5) reported that 4 months of training (3 d-wk™', 30
min-session™', 70% HRR) improved the ventilation
threshold in elderly subjects (mean age = 67) by an
average of 13%. Our data are consistent with the results
of Seals et al. and Blumenthal et al. The improvement
in the LT in our elderly subjects occurred in a relatively
short period of time, which is similar to the results of
training studies of the same, or shorter, duration in
younger subjects (26). Our data on the LT demonstrate
that this parameter can be changed with 8 wk of low-

Intensity (sub-LT) training in previously untrained el-
derly subjects.

In all previous studies, exercise intensity has been
prescribed on the basis of a percentage of VQOjm o
maximum heart rate. None of the previous studies on
training adaptations in the elderly have assigned exer-
cise intensities on the basis of the LT, Consequently, it
remained to be established for the elderly whether
improvement in this index with training was dependent
upon training at an exercise intensity above the lactate
threshold. Our data demonstrate that, for the elderly,
training at an intensity below the LT (~72% of LT) is
sufficient stimulus to improve the LT and VO
Furthermore, although subjects in the LI group trained
at an intensity below their LT, when compared with
the HI group, which trained above their LT, they dem-
onstrated equal post-training reductions in cardiores-
piratory responses during a high-intensity exercise bout
{SST-High). Thus, exercise training at a sub-LT inten-
sity improved functional working capacity for exercise
above the LT in our elderly subjects.

Previous studies have produced inconclusive results
regarding the influence of exercise intensity on training
adaptations in the elderly (2,12,25,27,29). These studies
have generally shown that high-intensity training elicits
greater increases in aerobic capacity than low-intensity
training. However, Badenhop et al. (2) published data
similar to ours, demonstrating that low-intensity train-
ing (57% VO, 30-45% HRR) was as effective as
high-intensity training (70% VOamax; 60-75% of HRR)
for improving exercise capacity in the eclderly. Also,
Foster et al. (15) recently reported that low-intensity
training (40% of HRR) was as effective as higher-
intensity training (60% of HRR) for improving VOamax
in elderly women (ages 67-89). However, in neither of
these studies (2,15) was the LT evaluated. Seals et al.
(27,28) reported that 6 months of low-intensity unsu-
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pervised exercise (primarily walking) improved VOypy,
by l.l% and lowered blood lactate levels during sub-
maximal exercise by 25-30% and that 6 months of
additional high-intensity training produced even greater
results (a further 16.6% improvement in VOy,,, and
21-25% reduction in submaximal exercise blood lac-
tate). It cannot be determined whether the low-intensity
unsupervised exercise in the subjects of Seals et al. (27)
represented a sub-LT intensity. In the study of Seals et
al., the low-intensity training elicited average heart rates
of 107 bpm. However, pulse measurements were made
by carotid artery palpation, a technique that may arti-
factually lower measured heart rate because of pressure
on the carotid sinus (6). The low-intensity group in the
present investigation exercised at an average heart rate
of 100 bpm (compared with 127 bpm for the HI group).
Thus, it is likely that the relative exercise intensity of
our LI group was lower than the low-intensity exercise
of the subjects of Seals et al. The work of de Vries (12)
indicated that exercise heart rates in the range of 95~
100 bpm were sufficient to improve aerobic capacity in
the elderly. In his study, however, changes in VOaumax
were estimated indirectly from submaximal tests using
the Astrand nomogram, a method considered to be
unreliable (23).

The improvement in VOamu (7%) demonstrated by
our subjects is at the lower end of the range of improve-
ments in this parameter reported by others who have
trained clderly subjects; most of the previous studies
have reported increases in VOpma of 5-22%
(2,12,15,18,24,25,29,31-33), with one report of an in-
crease of 30% (range = 1-49%) after 12 months of
training (27). However, all but one (31) of these studies
used training programs of longer duration than ours,
with several (9,27,28,33) lasting 52 wk. Thus, the rela-
tively smaller improvement in VO after training
observed in our subjects is likely attributable in part to
the shorter training program. Nevertheless, when using
other indices of training adaptation, our subjects dem-
onstrated improvements quite comparable to those re-
ported by others. The training-induced reductions in
HR (6-8%) and Vg (12%) during the SST-High are
similar to the posttraining changes reported by others
(2,25,27,28) using training programs of longer (9-52
wk) duration. Additionally, the improvement in LT by
our subjects (~2 ml-kg™'-min~"; ~140 ml-min~') is
similar to, or greater than, the improvement in venti-
lation threshold in elderly subjects trained by Blumen-
thal et al. (5) for 4 months (~1.3 ml-kg™"-min™'; ~100
ml- min™").

In the present study, both male and female subjects
were used. Since the training adaptations of both groups
were not different, we combined the training groups
and performed ANOVAs with gender as the independ-
ent variable. For all measurements taken during the
SST, the changes after training for males and females
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were virtually identical. However, for parameters meas-
pred during the IET, there was a tendency for greater
improvement exhibited by females (0.05 < P < 0.10).
Our results indicating statistically nonsignificant differ-
ences in training adaptations between males and fe-
males are consistent with the literature demonstrating
that cardiorespiratory adaptations to training are not
gender related (2,27,30,31).

Since both the LT and VO, were improved by
roughly the same amount, the LT as a percentage of
VOamax (i€, relative LT) did not change Table 4). In
previous investigations, it has been reported that en-
durance training increases the relative LT (or ventila-
tion threshold) in young and middle-aged males
(11,26), It should be noted, however, that in the sed-
entary elderly the LT occurs at a higher percentage of
VOomax (68-76% VOypa Table 4) than in younger sed-
entary individuals (40-50% VOamax (10,1 1,26)). Thus,
it may be more difficult to raise the relative L'T in the
elderly. Alternatively, since the upper limit for improve-
ment in VOyn., as a result of training may be reached
sooner than that for the LT, the relative LT could be
expected to increase after a more prolonged training
period than that used in the present study. In the present
study, changes in the LT and VO, Were not corre-
lated significantly (r = 0.28; P> 0.05), thus indicating
that the adaptations in these two parameters are not
linked in a cause and effect relationship. Therefore, our
data are consistent with the results in younger subjects
(26), which demonstrated that the factors controlling
the adaptation in the LT are, in part, different from
those controlling the adaptation in VOjma. Mecha-
nisms responsible for the improved VOzpax and LT in
the elderly have not been clearly established, although
central cardiovascular, peripheral circulatory, and local
intramuscular adaptations have been documented and
discussed previously (18,20,24,26,28).

The LI group trained at an intensity eliciting ~53%
VOamax. Although this exercise training intensity was
below their LT, 53% VOamax is still above the minimum
intensity recommended by the American College of
Sports Medicine (1). Intensities as low as 42-45%
VO, have been shown to elicit improvement in
VOomae in young (16) and middle-aged (17) males.
However, in young unirained males the LT occurs at
~40-50% VOimax (10,11,26). Thus, in young popula-
tions, the apparent minimum training intensity of 40-
50% VOamax may actually be at or above the LT.
Whether in young subjects training below the LT elicits
similar adaptations to training at or above the LT has
not been firmly established; however, low-intensity
training (~50% VOamax; roughly equal to LT) was found
to be as effective as high-intensity training for improv-
ing the LT in young males (26). Because the LT occurs
at a relatively high %VOoms in the elderlty, Cun-
ningham et al. (8) suggested that use of VOsmax a5 a
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guide for exercise prescription (1) in the elderly may
underestimate the necessary stimulus for inducing a
training effect. The present results do not support this
contention. Our data indicate that a training intensity
at or above the LT is not necessary to induce a training
response in the elderly. Indeed, the LI group demon-
strated that, after 8 wk of exercise training, training
below the LT (~72% of LT) was as effective as exercis-
ing above the LT (~121% of LT) for improving this
index of aerobic function as well as increasing VOamax
and reducing the cardiorespiratory response to high-
intensity exercise.

As a final note, we must emphasize that our subjects
were specifically chosen to include only sedentary
healthy individuals. For the elderly individual who is
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