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ffects of a Community-Based Progressive Resistance Training
rogram on Muscle Performance and Physical Function in
dults With Down Syndrome: A Randomized Controlled Trial
ora Shields, PhD, Nicholas F. Taylor, PhD, Karen J. Dodd, PhD
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ABSTRACT. Shields N, Taylor NF, Dodd KY. Effects of a
ommunity-based progressive resistance training program on
uscle performance and physical function in adults with Down

yndrome: a randomized controlled trial. Arch Phys Med Re-
abil 2008;89:1215-20.

Objective: To determine whether progressive resistance
raining improves muscle strength, muscle endurance, and
hysical function in adults with Down syndrome.
Design: Single-blind randomized controlled trial.
Setting: General community.
Participants: Adults (N�20) with Down syndrome (13
en, 7 women; mean age, 26.8�7.8y) were randomly assigned

hrough a concealed allocation block randomized method to
ither an intervention group (n�9) or a control group (n�11).

Intervention: The intervention was a supervised, group
rogressive resistance training program, consisting of 6 exer-
ises using weight machines performed twice a week for 10
eeks. Participants completed 2 to 3 sets of between 10 to 12

epetitions of each exercise until they reached fatigue. The
ontrol group continued with their usual activities.

Main Outcome Measures: The outcomes measured by
linded assessors were muscle strength (1-repetition maximum
1-RM]), muscle endurance (number of repetitions at 50% of
-RM) for chest press and leg press, timed stairs test, and the
rocery shelving task.
Results: The intervention group showed significant im-

rovement in upper-limb muscle endurance compared with the
ontrol group (mean difference in the number of repetitions of
he chest press at 50% of 1-RM was 16.7, 95% confidence
nterval, [CI] 7.1–26.2); and a trend toward an improvement in
pper-limb muscle strength (mean difference in chest press
-RM, 8.6kg; 95% CI, �1.3 to 18.5kg) and in upper-limb
unction (mean difference in grocery shelving task, �20.3s;
5% CI, �45.7 to 5.2s). There were no significant differences
etween the groups for lower-limb muscle performance or
hysical function measures. No major adverse events for the
ntervention were noted.

Conclusions: Progressive resistance training is a safe and
easible fitness option that can improve upper-limb muscle
ndurance in adults with Down syndrome (ACTR identifier
CTRN 012606000515594.)
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EOPLE WITH DS HAVE REDUCED muscle strength and
muscular endurance compared with their peers without

isability and also compared with their peers with an intellec-
ual disability but without DS.1-3 Muscle weakness is associ-
ted with decreased cardiovascular fitness4 and an increased
ncidence of osteoporosis in people with DS.5 It can also
mpact the ability of people with DS to perform everyday
ctivities, such as walking, maintaining balance while standing,
nd rising from a chair.6 Further, because their workplace
ctivities typically emphasize physical rather than cognitive
kills, decreased strength can negatively impact the vocational
nd social development of adults with DS in the workforce.7,8

People with a range of disabilities have the capacity to improve
uscle strength with progressive resistance training.9,10 However,

nly 3 trials are known to have investigated the effects of this type
f training program in people with DS.11-13 Two of these trials
ncluded progressive resistance training11,12 and 1 study used a
ombined strength training and aerobic program.13 Each of these
rials found improved upper-11-13 and lower-limb muscle
trength with training12,13 but none of the trials reported the
ffects of the programs on muscle endurance or functional
ctivities. These trials were also limited because none em-
loyed blinded assessors to collect the data and 2 studies11,12

id not include a control group in their design. Because no
CT has been conducted investigating the effectiveness of a

tand-alone progressive resistance training program, it is not
nown to what extent the reported effects of progressive resis-
ance training in people with DS are due to the strength training
ntervention rather than due to series effects.

The aim of this trial therefore was to determine the effects of
community gymnasium-based progressive resistance training
rogram on adults with DS. The specific objectives were to
onduct an RCT to determine if a progressive resistance train-
ng program for adults with DS can lead to increased muscle
trength and endurance, and, to improved physical function in
his population. It was hypothesized that the adults with DS in
he strength training program would have greater improvement
n muscle strength, muscle endurance, and improved physical
unction compared with the control group.

List of Abbreviations

ACSM American College of Sports Medicine
CI confidence interval
DS Down syndrome
1-RM 1 repetition maximum

RCT randomized controlled trial

Arch Phys Med Rehabil Vol 89, July 2008
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1216 STRENGTH TRAINING IN ADULTS WITH DOWN SYNDROME, Shields

A

METHODS

esearch Design
We conducted a repeated-measures RCT. Adults with DS

ere randomly allocated to either an intervention group that
eceived 10 weeks of progressive resistance training or a con-
rol group that continued with their usual activities. Both
roups were assessed at baseline and after the intervention
hase of the study. The trial received ethics approval from the
niversity ethics committee, and all participants and their car-
rs gave written informed consent to take part in the trial.

articipants
We recruited adults with DS through 2 disability agencies

1 rural, 1 metropolitan) that provide supported employment
nd day activity programs for adults with intellectual disabili-
ies. The agencies mailed a flyer promoting the trial to a total
f 46 families and those who were interested in taking part
ontacted the researchers directly. Participants were included if
hey were aged 18 years or more, had the ability to follow
imple verbal instructions in English, and were fit and well
nough to participate in a progressive resistance training pro-
ram. The latter was determined by asking the carer of each
articipant to complete a copy of the 7-item Physical Activity
eadiness Questionnaire.14 The level of intellectual disability
f each of the participants (described as mild, moderate, or
evere as perceived by their parent or carer) was also docu-
ented. The exclusion criterion was participation in a strength

raining program in the 6 months prior to the start of the study.
ased on a power analysis of the training effects on lower-limb
uscle strength found in people with DS in a previous study

d�1.26),12 it was calculated that 10 subjects would be needed
n each group to obtain power of 80%.

andomization
Participants were randomly allocated to either the interven-

ion or control group using a concealed allocation, block ran-
omization method that ensured approximately equal numbers
n each group with the relatively small sample.15 We consid-
red participants in blocks of 4, with 6 ways or permutations in
hich to get 2 intervention and 2 control participants in each
lock. The order of the blocks was generated from a random
umber table and assignments sealed in sequentially numbered
paque envelopes. Only after the recruiter determined if a
erson was eligible for the study and they had agreed to
articipate was random assignment made. Participants were
ssigned to their allocation by a physiotherapist not involved in
he study after the baseline measures were taken.

ntervention
Participants in the intervention group completed a 10-week

rogressive resistance training program. Training was com-
leted twice a week at a community gymnasium and followed
he principles of progressive resistance training as recom-
ended by the ACSM.16 The program consisted of 6 exercises

sing weight machines: 3 for the upper limbs (shoulder press,
eated chest press, seated row) and 3 for the lower limbs
seated leg press, knee extension, seated calf raise). These
xercises formed the basis of the training program but could be
odified to suit the needs of the individual. For example, if a

articipant found it difficult to do the seated calf raise exercise,
he trainer could try modifying the exercise as a standing calf
aise exercise. Participants completed 2 to 3 sets of between 10
o 12 repetitions of each exercise until they reached fatigue. A

-minute rest period was given between each set to allow for c

rch Phys Med Rehabil Vol 89, July 2008
ecovery, and the resistance was increased when 2 sets of 12
epetitions of an exercise could be completed.16 A log book for
ach participant that detailed each exercise, the weight lifted,
he number of repetitions, and number of sets was filled at each
ession by the exercise trainer. Participants completed the
rogram as a group, supervised by 2 accredited fitness trainers.
ach trainer supervised the training of a subgroup of 2 to 3
articipants. Exercising in a small subgroup allowed for a close
evel of supervision.

Participants in the control group continued with their typical
aily activities, which included employment, leisure, and sport-
ng activities, but did not include a progressive resistance
raining program. For ethical reasons, after the 10-week assess-
ent, participants in the control group were invited to complete

he strengthening program, but no further follow-up measure-
ents were conducted.

utcome Measurements
We assessed all participants at baseline (week 0) and imme-

iately after the intervention period (week 10) at the recreation
enter where the intervention took place. The outcome mea-
urements were taken by assessors who were blind to group
llocation and who had no involvement in the recruitment, the
andomization, or the training of participants. There were 2
ssessors: 1 assessor completed the muscle performance tests
nd the second assessor completed the physical function tests.
ssessors received training on how to administer the outcome
easures.
Muscle performance was assessed using tests for maximal

orce generation (1-RM) and muscle endurance. Maximal mus-
le force generation was tested by establishing the amount of
eight each participant could lift in a single seated chest press

nd seated leg press (1-RM). A single 1-RM chest press and leg
ress have been measured with high levels of retest reliability
r�.89) and no systematic change when measured over 3
eeks in adults with neurologic impairment.17 Muscle endur-

nce was measured by counting the number of repetitions that
ould be completed when the weight on the seated chest press
nd seated leg press was lowered to 50% of 1-RM. The
aseline weight that was lifted was used for the 10-week
easurement.18 There is evidence of construct validity for this
easure because hypothesized changes were detected in a

roup of adults with neurologic impairment.17

Physical function was measured using 2 outcomes measures;
he timed stairs test and the grocery shelving task. For the
imed up and down stairs test, participants stood at the bottom
f a flight of stairs and were asked to ascend and descend the
teps as quickly and as safely as possible. Participants were
llowed to choose any method of traversing the stairs including
lternating steps, running up the stairs, or skipping steps. There
ere 2 handrails available on the stairs and participants were

llowed to use these. The participants were given the cues,
eady and go, and the time taken to go up the stairs, turn
round, come all the way down until both feet landed at the
oot of the stairs was recorded in seconds using a stopwatch.
he test was repeated twice with the fastest time used in the
nalysis.19 The test has been measured reliably (r�.89) in a
opulation of adults with multiple sclerosis.20

We used the grocery shelving task21-23 to measure upper-
ody functional activity. For this test, participants were asked
o stand up from a chair and carry 2 grocery bags to a bench 2m
ay. Each grocery bag contained 10 items; each item weighed
10g (total weight of each grocery bag, 4.1kg). The partici-
ants then took the items out of the bag and stacked them
nto a shelf at shoulder height. Participants were asked to

omplete the task as quickly as possible and the time taken
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1217STRENGTH TRAINING IN ADULTS WITH DOWN SYNDROME, Shields
o complete the test was measured. All the participants were
iven 1 practice trial at each assessment before they com-
leted 2 timed tests, the average of which was used in the
nalysis. The grocery shelving task has shown high retest
eliability (intraclass correlation coefficient, .98) when
ested over 6 weeks in a group of adults with respiratory
isability,21 but has not previously been applied to adults
ith intellectual disability.
Adverse events that occurred during training (including mi-

or events such as delayed onset muscle soreness) were sys-
ematically recorded by the fitness trainers on the participant’s
xercise log book. At the start and at the end of each exercise
ession the trainer asked each participant if they had experi-
nced any injuries or any other problems.

ata Analysis
Data were analyzed using SPSS statistical softwarea to de-

ermine if there were any significant baseline demographic
sex, age, weight) differences between the intervention and
ontrol groups using the independent t test and Fisher exact
robability test, as appropriate. Outcomes were analyzed using
nalysis of covariance on the change scores with the baseline
easure of that variable used as the covariate.24 Where base-

ine variables were significantly different, they too were en-
ered as covariates. The mean difference within each group and
he mean difference between the groups and the 95% CIs of the
ean differences were also calculated. Effect sizes and 95%
Is were also calculated for the change scores. To avoid bias
nd to maximize the randomization process, we used intention-
o-treat analysis. Where data were missing, the carry forward
echnique was used, which assumes that missing data remain
onstant.25

RESULTS

low of the Participants Through the Trial
Twenty adults (13 men, 7 women) with DS volunteered to

ake part in the study. Participants ranged in age from 20 to 49
ears, with a mean age � SD of 26.8�7.8 years. The mean

Allocated to control (n=11)
Received allocated control 

Follow-up after 10 weeks (n
Excluded from analysis (n=

ig 1. Number of participants
t each stage of the trial (en-
ollment, allocation, follow-
p, analysis).
eight of the group was 155.1�9.3cm (range, 134–169cm) and
*
i

he mean weight was 68.9�13.3kg (range, 51.8–102.0kg).
ine participants were randomly allocated to the intervention
roup and 11 participants to the control group and their
rogress through the trial is shown in figure 1. The demo-
raphic details of the participants for each group are displayed
n table 1 and as the table shows, the only significant difference
t baseline was that the intervention group weighed more than
he control group. Eight of the 20 participants were employed
t least 1 day a week performing manual type work that
equired them to pack boxes of confectionery, sorting and
utting clothing, and assembling automotive parts.

ompliance With the Trial Method
There were no withdrawals from the study. Participants

ttended 167 (92.8%) of 180 scheduled training sessions.
issed sessions of training were due to illness unrelated to the

raining program or to vacation time. None of the sessions were
issed due to soreness or injury due to the training program.

ssessed for eligibility (N=22) 

Randomized (n=20) 

1) 

Excluded (n=2) 
- Unable to complete baseline 

assessment (n=1) 
- Acute illness (n=1)

Allocated to intervention (n=9) 
Received allocated intervention (n=9) 

Follow-up after 10 weeks (n=9) 
Excluded from analysis (n=0) 

) 

Table 1: Demographic Data for Intervention and Control Groups

Characteristic
Intervention

(n�9)
Control
(n�11)

Statistical
Test P

Mean age � SD (y) 25.8�5.4 27.6�9.5 �0.52 0.61
Sex (male/female) 7/2 6/5 NA 0.37
Mean height � SD (cm) 158.8�7.12 152.0�10.0 1.7 0.11
Mean weight � SD (kg) 78.4�13.5 61.2�6.7 3.5 0.01
Mean BMI � SD (kg/m2)* 31.2�6.0 26.8�5.2 1.8 0.09
Level of perceived ID NA

Mild 2 2 0.63
Moderate or severe 7 9

Living arrangements
With parents 8 8 NA 0.38
SSA or independent 1 3
Employed 4 4 NA 1.00

bbreviations: BMI, body mass index; ID, intellectual disability; NA,
ot applicable; SSA, shared supported accommodation.

2 2
A

 
(n=1

=11
0)  
Referent BMI is 18.5–24.9kg/m , overweight is 25–29.9kg/m , obese
s �30kg/m2.30

Arch Phys Med Rehabil Vol 89, July 2008
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A

o serious adverse events for the intervention were noted. Four
articipants complained of mild muscle soreness as a result of
raining, most reports occurring in the early weeks of training,
nd recovered spontaneously. No other adverse events were
ecorded.

Over the course of the training program, the intervention
roup increased the amount of weight lifted during training in
he 6 exercises by at least 90% of the initial training resistance.
o assess the success of assessor masking, assessors were
sked to guess whether a participant had been allocated to the
ntervention or the control group. Assessors correctly guessed
roup allocation 56.8% of the time (Fisher exact test, P�.74).

ffect of the Intervention
The intervention group had a statistically significant im-

rovement in upper-limb muscle endurance compared with the
ontrol group (mean difference in the number of repetitions of
he chest press at 50% of 1-RM, 16.7; 95% CI, 7.1–26.2;
�.01). There were also trends toward improvement in upper-

imb muscle strength (mean difference in chest press 1-RM,
.6kg; 95% CI �1.3 to 18.5kg; P�.08) and upper-limb func-
ion (mean difference in time to complete the grocery shelving
ask, �20.3s; 95% CI, �45.7 to 5.2s; P�.11) that favored the
ntervention group (table 2). There were no significant differ-
nces between the groups for lower-limb muscle strength,
ower-limb muscle endurance, or lower-limb physical function
see table 2).

DISCUSSION
Our main finding in this study was that upper-limb muscle

erformance improved in adults with DS after a 10-week
rogressive resistance exercise program. There was a signifi-
ant increase in chest press endurance and also a trend toward
n increase in upper-limb strength as measured by a 1-RM
hest press and upper-limb functional activity as measured by
grocery shelving task. The effect sizes observed were mod-

rate to large (.76–.90) and the changes in upper-limb strength
arried over to trends to changes in upper-limb physical func-
ion tasks suggests these results may be clinically significant.
he change in upper-limb endurance may be relevant in these
dults, whose employment involves manual work of the upper
imbs.

The progressive resistance exercise program implemented
or this study was feasible for adults with DS. It might be
xpected that adults with DS have difficulty taking part in or
eing motivated to continue with a progressive resistance ex-
rcise program. The majority of participants in this trial had a
oderate level of intellectual disability as determined by their

arents and carers, yet they were all capable of taking part in
he program and experienced benefits from doing so despite
heir intellectual disability. Compliance with the program was
xcellent, with participants attending 92% of all training ses-
ions. There were also no withdrawals from the study, indicat-
ng that a strength training program was an acceptable form of
xercise to the participants. The high attendance rates were
ikely influenced by the support provided by the day programs
ttended by the participants. This support included providing
ransport to and from the community gymnasium and this
ight be an important factor to consider when setting up future

rograms.
Another positive finding was that the training program ap-

eared to be a safe intervention for people with DS. No major
dverse events were reported by the participants, their families,
r the fitness trainers involved in the program. Some partici-

ants complained of muscle soreness during the initial weeks

rch Phys Med Rehabil Vol 89, July 2008
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1219STRENGTH TRAINING IN ADULTS WITH DOWN SYNDROME, Shields
f training, but this was to be expected in a group of people
ho had not previously participated in a strength training
rogram. This finding is consistent with conclusions that
trength training appears to be a relatively safe intervention for
eople with a broad range of health conditions10; and may help
o counter attitudes that health concerns are a reason why adults
ith DS should not take part in physical activities.26

No changes in the lower-limb muscle performance of adults
ith DS were found in this study. There might be a number of

easons for this. It should be considered whether the training
rogram was of sufficient intensity, frequency, and duration.
he training program completed by the participants adhered to

he ACSM16 guidelines for progressive resistance exercise; that
s, a small number of repetitions could be performed before
atigue, sufficient rest was allowed for recovery between exer-
ises and the amount of resistance was progressed as the ability
f the participants increased. During the trial participants were
losely supervised to ensure that this was the case and the
tness trainers indicated in the logbooks they completed that

he program was progressed as it proceeded. Therefore, it
ould not seem that the results were due to a problem with the

raining program.
It is possible that previous trials may have overestimated the

ize of the treatment effect of strength training for adults with
S. Preliminary evidence from a systematic review9 suggested

hat programs designed to improve strength in adults with DS
ad large positive effects. However, none of the trials included
n this review were RCTs; indeed these trials were repeated
easures designs with no controlled baseline or control group

ata, and may have overestimated the benefits from strength
raining. Strength training may therefore have positive effects
n adults with DS but the size of the effect may be smaller than
he previous literature suggests.

It is also possible that the adults with DS in the current study
id not have the same potential for improving their lower-limb
uscle performance as for their upper-limb muscle perfor-
ance. For example, upper-limb endurance at baseline was
uch lower (mean, 15 and 19 repetitions for the intervention

nd control group, respectively) than lower-limb endurance at
aseline (means of 44.1 and 44.5 repetitions for the interven-
ion and control group, respectively) suggesting there was
uch greater capacity for improvement in the upper limbs.
his difference between the upper and lower limbs might be
xplained by adults with DS routinely using the antigravity
upport muscles to maintain posture during activities of daily
iving, such as walking and stair climbing, whereas they may
se their upper-limb muscles more infrequently.
Another reason for the lack of change in lower-limb muscle

erformance was that any true changes may have been ob-
cured by measurement variability. However, standardized pro-
edures were used for testing that have previously been shown
o be reliable in other adult populations with disability, and
hese procedures were able to detect changes in upper-limb
uscle performance in the current study.
A training program of longer duration and higher frequency
ight have resulted in changes in the other outcome measures

mployed in this study because researchers have reported
reater gains in strength from training programs involving
onger durations and frequency.27-29 The relatively short dura-
ion of the program (10wk) may not be enough to produce large
hanges in lower-limb strength. A program of longer duration
ight be more effective. Because the majority of the partici-

ants had a moderate level of intellectual disability, some took
everal weeks to adapt to the program and to learn how to use
he weight equipment, so that overall the number of weeks they

ere working effectively was less than 10 weeks. Increasing
he frequency of the program from twice a week to 3 times a
eek might also change the outcome because previous research

tudies trained adults with DS 3 times a week and reported
arger positive effects.11,12

The main strength of this trial was that it was an RCT that
ssessed the effects of a progressive resistance exercise pro-
ram that conformed to the training guidelines of the ACSM
or adults with DS. It adds to an area of research where to date
nly 3 previous studies are known to have investigated if
trength training programs are beneficial for adults with
S11-13 and only 2 of these studies have examined stand-alone
rogressive resistance training programs. A further strength of
his trial was that it was an inclusive community-based exercise
rogram and this is important because people with DS often
ave restricted opportunities to participate in exercise programs
aking place in a community setting.6 The use of a group-based
rogram where adults with DS exercised together was impor-
ant because it made exercising into a more social activity,26

nd it is more cost effective and time efficient than individual
raining. Strength training performed in a community setting,
s in this trial, may be a feasible recreation option for adults
ith DS.

tudy Limitations
This trial was limited by the relatively small sample size of

0 participants, which required the effects of the intervention to
e large in order to detect any changes as a result of the
trength training program. The duration and frequency of the
rogram may also have been too short to result in large changes
n muscle performance and functional activities. Future trials
hould investigate if longer duration training programs are
ndeed more beneficial.

CONCLUSIONS
Progressive resistance training performed in a community

ymnasium is a feasible and safe fitness option for people with
S that can lead to improvements in upper-limb muscle per-

ormance. Longer training programs may be required to im-
rove leg strength and activity.
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