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Effects of aerobic training in adolescents

with Down syndrome

A. LYNN MILLAR, BO FERNHALL, and LEE N. BURKETT

Department of Physical Therapy,
Andrews University,

Berrien Springs, MI 49104-0420; and
Department of HKLS,

George Washington University
Washington, DC 20052

ABSTRACT

MILLAR, A. L., B. FERNHALL, and L. N, BURKETT. Effects of
aerobic training in adolescents with Down syndrome. Med, Sci. Sports
Exerc., Vol. 25, No. 2, pp. 270-274, 1993. The purpose of this study
was to evaluate the effects that aerobic training has on adolescents
and young adults with Down syndrome. Fourteen individuals with
Down syndrome (mean age 17.7 yr) participated in a 10-wk
walking/jogging exercise training study. A pre- and post-training
walking treadmill test was performed to determine the followmg
parameters: peak oxygen uptake (VO,, absolute and relative), minute
ventilation (Vg, 1-min™"), heart rate HR, b-min™'), RER (VCO;/
VO,), and time and grade to exhaustion. Following the pre-training
evaluations, subjects were assigned to a control group (N = 4) or an
exercise group (N = 10). The exercise group underwent a 10-wk walk/
jog training program at a frequency of 3 times per week, for a duration
of 30 min, and at an intensity, of approximately 65-75% peak HR.

FoIIowmg training, both control and experimental groups showed no
changes in peak VO, (absolute and relative), VE, HR, and RER. The
exercise group, however, did demonstrate a significant improvement
in peak exercise time (and grade). Although the training program did
not produce improvements in aerobic capacity, it did produce gains
in walking capacity. It was concluded that the adolescents and young
adults may not be able to improve their aerobic capacity when
performing a walk/jog training program,

EXERCISE TRAINING, CARDIOVASCULAR FITNESS, DOWN
SYNDROME

found peak VO, values substantially lower than

those reported for individuals without mental re-
tardation of similar gender and age, even when objec-
tive criteria for VO,ma determination were used
(6,11,13,24,25,27). It is not known why the individual
with mental retardation has low peak VO, values, but
several authors hypothesized that a combination of
inactive lifestyles and low maximal heart rates may be

Studies of individuals with mental retardation
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responsible (11,13,24,27). In addition, when individuals
with Down syndrome were compared to their peers
with mental retardation but without Down syndrome,
the group with Down syndrome displayed inferior car-
diovascular fitness (19,23,25).

Several training studies with individuals with mental
retardation (without DS) have shown that this popula-
tion can show appreciable gains in cardiovascular fit-
ness based on performance tests (5,7,12,18,27,29).
However, it has not yet been demonstrated that indi-
viduals with Down syndrome have the same capacity
for improvement in cardiovascular capacity. Andrew et
al. (2) found no significant changes in peak VO, of
individuals with mental retardation following 12 wk of

training, though they did find significant improvements

in minute ventilation, heart rate, and exercise duration.
However, Schurrer et al. (27) did find significant im-
provements in peak VO, of five adults with mental
retardation following 23 wk of training, but no control
group was included. Kasch and Zasueta (17) showed
similar results with six children with mental retardation,
although their study may be influenced by sampling
bias as they tested only six of their 41 subjects for peak
VO,. Pitetti and Tan (24) recently found a 16% increase
in peak VO, after a 16-wk training program with indi-
viduals with. mental retardation. Although they did not
include a control group, 6- to 7-month follow-up
showed that peak VO, was back to original levels.

It has been suggested that individuals with Down
syndrome may respond differently to training because
their response to maximal exercise differs from both
persons with and without mental retardation, but with-
out Down syndrome (21,22,25). Furthermore, exercise
training may have important implications for this pop-
ulation regarding health, longevity, and productivity
(14,24). However, to date there are no training studies
involving only individuals with Down syndrome. The
purpose of this study, therefore, was to determine
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whether individuals with Down syndrome could im-
prove their cardiovascular fitness following a 10-wk
walk/jog training program.

METHODOLOGY

Subjects. Fourteen adolescent volunteers with Down
syndrome (11 males, 3 females) were recruited from
two county schools. All subjects lived at home and were
bused to school daily. 1Q scores could not be released
for the subjects, but were estimated to range between
30 and 70, based upon their classification as trainable
or educable mentally retarded. Descriptive statistics are
presented in Table 1. All subjects were healthy and had
medical clearance from either a personal physician,
school, or vocational training center health staff. No
subjects with ambulatory, musculoskeletal, severe vis-
ual, or auditory problems were included in the study.
All subject and their parents or legal guardians gave
informed, voluntary consent prior to participating in
this study.

Procedures. The subjects were familiarized with the
laboratory and taught to walk comfortably on a motor-
ized treadmill prior to testing following a scheme pre-
viously described (11). A modified Balke protocol was
used to elicit maximal oxygen consumption (4). Test
speed was 3 mph and the grade increased 2 1/2% every
minute until the subject was exhausted. Reliability and
validity of maximal treadmill testing with this popula-
tion has been previously established (11,15).

Open circuit spirometry was used to collect expired
gases during the treadmill test. Air was collected in
Douglas bags every minute with the last 3 min of each
test being analyzed. Oxygen and carbon dioxide con-
centration were analyzed using an Applied Electro-
Chemistry analyzer (model S-3A) and a Beckman LB-
2 analyzer, respectively. Analyzers were calibrated prior
to each test following manufacturer’s recommendations
and two known calibration gases. Expired gas volume
was measured with a Parkinson-Cowan flowmeter, and
ECGs were monitored continuously with a strip taken
the final 15 s of each minute using a Narco-Biosystems
physiograph. Heart rates were calculated from the
ECGs and oxygen consumption values were calculated
for each minute, with the last full minute of collection
representing maximum.

Following the first test, subjects were randomly di-
vided into two groups; 10 in the experimental group
(group 1) and four in the control group (group 2).

TABLE 1. Subject descriptive characteristics

Weight (kg) Height (cm) Age (yr)
Experimental(N=9) 665125 153771 18429
Control (N = 4) 584+253 1500+158 17.0%28
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Group 2 did not participate in any regular physical
training. The groups were matched on a 2 : | ratio for
gender and oxygen consumption.

Training intervention consisted of 10 min of warm-
up activities, 30 min of continuous brisk walking and
jogging, followed by a 5- to 10-min cool-down, three
times per week, for 10 wk. Target heart rates were
calculated at 65-75% of maximal heart rate reached
during the treadmill test results. Subjects’ training heart
rates were monitored at random during the training
sessions using palpation with the subject slowing to a
walk during the heart rate check. Each subject was
checked on an intermittent basis for compliance with
target heart rate, usually one to two times per session.
Retesting was done after 10 wk following the procedures
described for pretraining. '

Repeated measures ANOVAs were used to evaluate
the effect of the training program on maximal HR, b.
min~!, Vg I.min~!, BTPS, VO, mi-kg-~'min~!, STPD,
RER, and treadmill performance. Tests for statistical
significance were made at the <0.05 level of probability.

RESULTS

Pre and post oxygen consumption data including Vg
I-min~', VO, ml-kg-~'min~!, HR, and RER are pre-
sented in Table 2. The groups had similar pretraining
oxygen consumption values (Table 2). Post-training
values did not differ significantly from pretraining for
any of the metabolic measures. Maximum HR, though
not significantly different, was slightly higher for group
| than for group 2 prior to training. A comparison of
the treadmill test grades shows a significant improve-
ment for the training group, as illustrated in Figure 1,
with a pretraining average test time of 8.84 (8 min and
50 s) min and a post-training average test time of 9.60
(9 min and 56 s) min.

DISCUSSION

The oxygen consumption values for these subjects
were low but similar to values for subjects with MR
found by Burkett and Ewing (30.68 ml.kg.~'min™"'.)
(6), Schurrer et al. (25.3 ml-kg.-"'min~') (27), and

TABLE 2. Oxygen consumption data

) VO, (ml-kg™'-  Heart Rate (b-
Ve (I-min™") min~") min™!) RER
Group 1
Pre 522441222 2695792 17280+15.10 1.01£0.05
Post 49.82+1324 2556+7.82 16720+ 11.80 1.03 0.1
Group 2
Pre  48.50%7.19 26.22+585 16580+ 14.00 1.05+0.05
Post 48.82+1324 2624515 169.80+1290 1.04 +0.05

Mean + SD.

Mean == SD.
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Figure 1—Mean treadmill test time as represented by % grade: in
experimental group (©) and control group (O) before and after a 10-
wk walking/jogging program. Values are means * SD. * P < 0.00089.

Fernhall and Tymeson (26.31 ml-kg-~'min~1) (13).
However, the values in this study were slightly higher
than those reported by Pitetti et al. (21) for a group of
25-yr-old individuals with Down syndrome (23.0 ml.
kg-~'min~"). In a recent study comparing individuals
with Down syndrome to individuals with mental retar-
dation but without Down syndrome, Pitetti et al. (25)
found a mean VO, of 24.6 and 35.6 ml.-kg-"'min~",
respectively, thus substantiating the difference in car-
diovascular capacities between individuals with and
without Down syndrome. These low values for cardio-
vascular fitness have also been shown using field tests
to estimate peak VO; (5,14). Therefore, it is likely that
our subjects were a representative group of individuals
with mild and moderate-mental retardation.

Although we did not find a significant improvement
in peak VO,, our data correspond well with those of
Andrew et al. (2), who reported significant improve-
ments in minute ventilation, exercise heart rate, and
exercise duration, but not in peak VO, for 10 adults
who were classified as educably retarded. Conversely,
Schurrer et al. (27) trained five adults with mental
retardation for 23 wk, 3 d.wk™!, using jogging, and
found a 43% increase in peak VO, following training.
It is important to note that they used a much longer
training period and also found a significant reduction
in body weight. However, even when measured in 1.
min~!, the increase in peak VO, was 36%. This is a
much greater increase than one would expect from a
group of subjects without mental retardation, especially
with a mean training distance of only 9 km-wk™"'. Pitetti
and Tan (24) trained 12 adults with mental retardation
for 16 wk and showed a more moderate increase of
16% in peak VO,, which reverted back to pretraining
levels after a 6- to 7-month follow-up. They suggested
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that it is imperative to closely monitor exercise training
intensity, if results are to be properly interpreted, in
studies that show significant improvements in subjects
with mental retardation. We did, however, monitor
training intensity and the compliance rate was surpris-
ingly good (85%). Yet, our subjects failed to improve
peak VO,, even though we followed a training regime
that should have produced improvements (1,3,16). It is
possible that the average compliance rate is an over-
estimation of individual compliance due to the random
monitoring and limited number of heart rates taken
during each session, however, it seems logical that there
should still have been some improvement in peak VO,
with such a low starting fitness level.

Considering that the subjects in Pitetti and Tan’s (24)
study were adults with mental retardation but without
Down syndrome, and that Schurrer et al. (27) did not
identify their subjects as having Down syndrome, it is
possible that individuals with Down syndrome do not
respond to training in a conventional manner. This
would be consistent with previous studies that showed
adults with Down syndrome to be physiologically lim-
ited compared to their peers without Down syndrome
(22,25). The possibility of a decreased response to train-
ing, as suggested by Nordgren (18) seems plausible
considering that one would expect 51gmﬁcant gams in
peak VO, following the training program used in this
study with individuals without mental retardation (4).
The reason for a reduced training response is difficult
to isolate, but may be related to the reduction in sym-
pathetic response shown by Eberhard et al. (10) in
subjects with Down syndrome. This could explain the
lower maximal heart rates in our study and that of
Pitetti et al. (25) and may also reduce the response to
training.

The apparent lack of training results must be exam-
ined carefully. Performance based indices of peak VOz
can be improved without actual gains in peak VO,
(8,9). Although no statistically significant changes were
found in peak VO,, it might be argued that a training
effect was produced, as evidenced by the increased
treadmill test time following training. The subjects
reached a greater treadmill grade (directly related to test
time) with a lower heart rate and VO,. This combina-
tion of results suggests a trend toward lower oxygen
consumption values at a higher workload for the exper-
imental group; no similar trend was noted for the
control group. These data also correspond to other
studies of persons with mental retardation that found
increased cardiovascular fitness with training when us-
ing tests that predict peak VO, to measure the gains.
Several other factors such as improved endurance, test
familiarity, better pacing, reduced anxiety, etc., may
explain why gains in exercise endurance can occur
without gains in peak VO, (12,13). Furthermore, stud-
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ies of runners without mental retardation substantiate
these findings, showing that running performance can
increase with training without a change in peak VO,
(9). It has been postulated that this may be due to
improvements in running economy (8). Consequently,
it may be important to evaluate training gains from
variables other than peak VO, which may be especially
important for individuals with mental retardation.

It is important to realize that individuals with mental
retardation are often less motivated and typically do
not exercise at intensities above comfortable levels (26).
Throughout the training sessions, constant encourage-
ment and exhortation were necessary to keep the sub-
jects going, even when only walking. If left to them-
selves, they would stop immediately, especially if there
were diversions of any type. Although motivation was
not as difficult after a few weeks into the programs, it
still remained a small problem. Consequently, the train-
ing intensity was variable and the heart rates were
usually at the low end of the prescribed target heart
rates. However, considering the high overall compliance
with the prescribed training'intensity, at least a small
improvement in peak VO, was expected. Yet, the high
compliance suggests that motivational problems did not
significantly influence our results.
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