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BACKGROUND: Single-set resistance training (SSRT) improves strength and function in older
adults with COPD. However, its effect on quality of life (QOL) has not been evaluated. This study
evaluated the effect of SSRT on QOL in COPD patients enrolled in pulmonary rehabilitation (PR)
and identified relationships between muscular strength, endurance and QOL. METHODS: Nine-
teen men and women (70.5 = 5.0 years old) with COPD completed 8 weeks of PR alone or PR plus
SSRT. QOL was measured using the Medical Outcomes Study Short Form 36. Upper and lower
body strength was measured using chest and leg press, and lower body endurance was measured
with the 6-min walk test. RESULTS: There were no significant differences in QOL between PR with
versus without SSRT before or after PR. Both groups demonstrated significant improvements in
QOL, including the Physical Function (P = .02), Role Physical (P = .002), Vitality (P = .03), Social
Functioning (P = .03), and Mental Health (P = .04) domains. Before PR, only lower body
strength and endurance were significantly related to Physical Function (r = 0.53, P = .02 and
r = 0.51, P = .03, respectively). After the exercise program, upper body strength as well as lower
body strength and endurance were significantly related to Physical Function (r = 0.57, P = .01,
r =0.51, P = .03, and r = 0.62, P = .005, respectively), although improvements in Physical Function
were predicted solely by improvements in upper body strength (r = 0.54, P = .02). CONCLU-
SIONS: The addition of SSRT to traditional PR does not affect overall improvements in QOL that
are influenced primarily by an increase in upper body strength. Our findings suggest a threshold
effect for exercise training, such that, once a threshold stimulus has been achieved, further im-
provements in QOL are not dose-dependent. Key words: pulmonary rehabilitation; short form 36;
resistance training, endurance training. [Respir Care 2013;58(3):487-493. © 2013 Daedalus Enter-
prises]

Introduction

In the United States, mortality among adults with
COPD is decreasing,! and as a result the prevalence of
COPD increases with age.? As the number and age of older
adults living with COPD increase, the need to maintain
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function and quality of life (QOL) becomes ever more
important.

Among adults diagnosed with COPD, functional ability
declines with age and is directly related to loss of muscle
strength.? The functional impairment that accompanies
COPD has a direct and negative influence on QOL.* Greater
difficulty with activities of daily living is associated with
greater feelings of dissatisfaction and, hence, diminished
QOL. This is unfortunate, because QOL is not only an
indicator of healthy aging, but declines in the physical
component of QOL have been found to be predictive of
early mortality.’

Functional status in COPD patients is directly influ-
enced by exercise capacity.® COPD patients are tradition-
ally enrolled in pulmonary rehabilitation (PR) programs in
an attempt to improve endurance and exercise perfor-
mance,’ as well as physical well-being and QOL.8 Tradi-
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tional PR includes primarily endurance-type exercise train-
ing.® However, this type of training may not maximize
strength gains or necessarily translate into improvements
in QOL. In fact, to prevent or reverse loss of muscle and
strength, the American College of Sports Medicine has
specifically recommended resistance training for older
adults. 10

Although the ability of resistance training to increase
strength during PR has been well established,'!-!? the ef-
fect on QOL is less clear. Recently, Janaudis-Ferreira and
colleagues'? reported no improvements in QOL, using the
Chronic Respiratory Disease Questionnaire, after 6 weeks
of upper body resistance training, although Vonbank and
colleagues'# reported significant improvements in QOL,
using the St George Respiratory Questionnaire, after
12 weeks of whole body resistance training. Based on
these conflicting results, it would appear that both the
duration of training and the amount of muscle stimulation
provided may exert an influence on changes in QOL. Whole
body training undoubtedly provides a greater opportunity
for muscle stimulation than upper or lower body training
alone. Furthermore, because the duration of PR programs
is often limited to < 12 weeks, in order to reduce costs and
maximize resources,'! a shorter period of training would
more accurately reflect real world conditions. It would
therefore be of benefit to evaluate the effect of a brief
program of whole body resistance exercise that could typ-
ically be incorporated into a traditional program of PR.

Single-set resistance training (SSRT) provides an op-
portunity for combining efficiency with effectiveness dur-
ing PR. It has previously been found to improve strength
and functional ability in older adults.!> Furthermore, when
incorporated into an 8-week PR program, SSRT results in
significantly greater increases in strength and function than
endurance training alone.'®¢ However, its influence on QOL
has not yet been evaluated. Therefore, the purpose of this
study was to evaluate the effect of SSRT on QOL in COPD
patients enrolled in an 8-week, traditional PR program. A
secondary purpose was to evaluate the relationship be-
tween muscular strength and endurance and the physical
health component of QOL in this population.

Methods

A detailed description of recruitment and training pro-
cedures has previously been reported.'® Briefly, subjects
were recruited at the time of their initial referral to an
8-week hospital-based PR program and had no previous
exercise or rehabilitation experience. After completion of
informed consent, they were randomized into either a tra-
ditional PR alone group or a PR plus SSRT group. Be-
cause randomization did not account for sex, the groups
were not balanced as to male/female composition. Strength
testing and training were incorporated into the regular PR
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Current knowledge

Pulmonary rehabilitation programs attempt to improve
quality of life in patients with COPD through interven-
tions to improve endurance and exercise performance.
Recent guidelines suggest that resistance training is re-
quired to prevent muscle loss in older adults. Single-set
resistance training improves strength in COPD patients.

What this paper contributes to our knowledge

The addition of single-set resistance training to tradi-
tional pulmonary rehabilitation did not improve quality
of life in COPD subjects. Improvements in upper body
strength associated with single-set resistance training
were not dose-dependent.

sessions scheduled twice a week for the 8-week study
period (a total of 16 sessions). The study was approved by
the hospital and university institutional review boards for
human subjects research.

Subjects

A total of 19 men (n = 5) and women (n = 14) with a
diagnosis of COPD were included in the study (Table 1).
Characteristically, they were elderly (age 70.5 = 5.0 years),
overweight (body mass index 27.4 + 4.9 kg/m?), and met
the Global Initiative for Chronic Obstructive Lung Disease
criteria for stage III, severe, COPD.!”

Outcome Measures

QOL was measured with the Medical Outcomes Study
Short Form 36 (SF-36), a self-administered, Likert-scale
tool that measures limitations in activities of daily living
secondary to impairments in physical and mental health
status.!8 It has been validated for use with the elderly,!®
and has specifically been used to describe QOL and out-
comes of PR in COPD patients.?0-2! The SF-36 consists of
36 questions in 2 domains (physical and mental health),
with 8 subscales (Physical Function, Role Physical, Bodily
Pain, General Health, Vitality, Social Function, Role Emo-
tional, and Mental Health). Higher scores are indicative of
greater QOL. The SF-36 was completed by all subjects
prior to the first PR session and again after completion of
the last PR session.

Muscular strength was measured using the one repeti-
tion maximal (IRM) incline chest press for upper body
strength and the 1RM seated leg press for lower body
strength. Maximal strength testing is the standard for
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Table 1.  Participant Characteristics at Baseline

Pulmonar

omonary Rehabilitation
n =9 Plus SSRT

(n = 10)
Male/female, no. 1/8 4/6
Age, y 69.9 = 6.3 71.0 £3.7
Body weight, kg 66.6 £ 12.1 80.0 = 16.3
BMI, kg/m* 26.1 £3.9 282 5.6
FEV,, L 0.74 £ 0.4 1.1 +04
FEV,, % predicted 328 £ 154 420+ 8.5
FEV,/FVC 0.39 = 0.10 0.52 =0.13
Supplemental oxygen, no. 6 3

* Values are mean * SD. There were no significant differences in anthropometrics or
pulmonary function between the groups.

SSRT = single-set resistance training

BMI = body mass index

strength measurement and for development of appropriate
resistance training programs.?? It is safe and appropriate
for strength measurement of adults diagnosed with
COPD.?3-24 All subjects completed 3 trials of 1RM testing.
The first 2 trials were scheduled at the beginning of the
first 2 PR sessions and included familiarization with the
testing procedure. The third trial was scheduled at the
beginning of the last PR session. Only one trial was used
post-training, because subjects were already familiar with
the exercises and testing procedure.

For the first trial, subjects were asked to complete a
warm-up set of 10 repetitions using the lowest weight
setting on the machine. The resistance was then increased
2.2-4.5 kg for upper body and 4.5-9.0 kg for lower body,
and subjects completed a single repetition beginning at a
90° angle of the elbows (chest press) and knees (leg press)
through full extension of the arms and legs. Progressive
weight was added until subjects could no longer complete
one repetition. The 1RM for each trial was identified as the
greatest weight lifted with good form. For the second trial,
the warm-up set was calculated as 50% of the 1RM iden-
tified during the preceding trial, and the load for the first
single attempt was set at 100% of the previous 1RM value.
All testing and training were done using pin-loaded ma-
chines (Universal Gym Equipment, Cedar Rapids, lowa)
and supervised by research staff. To avoid the Valsalva
maneuver, prior to each lift subjects were reminded to
exhale during exertion (arm/leg extension) and inhale dur-
ing relaxation (arm/leg flexion). Baseline 1RM values were
calculated as the greatest weight lifted between trials 1
and 2, while post-study values were taken as the 1RM
identified in trial 3.

Muscular endurance was measured with the 6-min walk
test (6©MWT) prior to beginning the PR program, and again
following the last PR session. The 6MWT is sensitive to
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functional improvements experienced by COPD patients
as a result of PR,2>2¢ and has been found to be a strong
predictor of mortality in this population.?” Program staff
members conducted all 6MWT tests using standardized
procedures.?8-2° Briefly, subjects were asked to walk as
quickly as possible for 6 min on a circular track, during
which time they were given verbal encouragement at the
end of each minute by supervising staff, using standard-
ized language. If unable to continue due to fatigue, sub-
jects were permitted to rest briefly and recommence the
test at any time during the 6-min period. The total distance
walked was used as the score for this test.

Traditional Pulmonary Rehabilitation

The PR program consisted of 16 sessions scheduled 2
non-consecutive days a week for 8 weeks. If subjects were
unable to attend as scheduled, they were allowed to extend
their PR until a total of 16 sessions had been completed.
Training consisted of arm ergometry (Rehab Trainer,
Monark, Vansbro, Sweden), treadmill walking (TM-210,
Trackmaster Treadmills, Newton, Kansas), stationary cy-
cling (Airdyne, Schwinn, Chicago, Illinois), and stepping
(Total Body Recumbent Stepper, NuStep, Ann Arbor,
Michigan), and was supervised by PR staff. Exercise in-
tensity was initially set at 2—-3 metabolic equivalents, based
on the outcomes of the 6BMWT and Duke Activity Status
Index.30-32 Progression in time and intensity was based on
perceived dyspnea (< 4 = somewhat severe) and per-
ceived exertion (< 13 = somewhat hard). Subjects were
encouraged to achieve a total duration of 20—40 min of
exercise, using a combination of all equipment to ensure
stimulation of both upper and lower body muscle groups.
In addition, subjects were encouraged to perform one set
of 6 exercises (wrist curl, arm curl, overhead arm exten-
sion, lateral raise, upright row, side bed), using handheld
dumbbells that ranged in weight from 0.5 to 4.5 kg. For
each exercise the goal was to achieve 15 repetitions at a
given weight before increasing the load at the next PR
session. During exercise training, intensity was adjusted to
maintain perceived exertion < 13 (fairly hard) on a 20-
point scale3? and perceived breathlessness < 4 (moderate)
on a 10-point scale.?*

Single-Set Resistance Training

The SSRT program consisted of a single set of 5 exer-
cises (seated leg press, incline chest press, wide-grip back
pulldown, biceps curl, triceps extension). A total of 13 PR
sessions included SSRT due to the need to use 3 sessions
for pre and post testing. Less than 10 min was required for
the 5 exercises, so subjects were able to complete their full
PR program without time constraints. The initial load for
the leg and chest press was set at 50% of the baseline
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Table 2.  Quality of Life, Measured With the Medical Outcomes Study Short Form 36, Before and After 8 Weeks of Pulmonary Rehabilitation or
Pulmonary Rehabilitation Plus SSRT
Pulmonary Rehabilitation, Pulmonary Rehabilitation
mean * SD Plus SSRT, mean *= SD
(n=29) (n = 10)
Domain Before After Before After
Physical Health
Physical function 26.2 = 4.1 27.8 £ 3.6* 27.8 7.7 322 £ 10.4*
Role physical 272+ 6.5 33.5 = 8.0 314 + 8.7 36.5 £ 9.57
Bodily pain 490 =74 509 = 3.8 51.9 = 1255 522 £ 8.0
General health 34.8 £6.0 355+ 8.0 37.0 9.7 385+ 113
Mental Health
Vitality 393 £ 12.7 445 = 9.0% 415*59 46.5 * 8.6%
Social function 39.9 = 10.0 435 = 8.7% 41.6 £13.3 49.8 £ 10.3%
Role emotional 455 =137 434 =133 49.3 = 8.8 462 = 11.3
Mental health 46.9 = 8.0 51.3 = 4.9§ 50.6 = 7.5 53.1 £ 54§

* Significantly different from baseline (P = .02, nz = 0.28)
T Significantly different from baseline (P = .002, 712 = 0.45)
& Significantly different from baseline (P = .03, n2 = 0.26)
§ Significantly different from baseline (P = .04, nz = 0.22).

1RM, while the other 3 exercises were set at a weight that
allowed completion of 10 repetitions with good form and
without undue fatigue (rating of perceived exertion = 13,
“somewhat hard”). Subjects were asked to complete §—12
repetitions of each exercise, and the load was increased at
the subsequent session whenever subjects successfully
achieved 10-12 repetitions of a given exercise.

Statistical Analysis

Data were analyzed using statistics software (SPSS 19.0,
SPSS, Chicago, Illinois), with mean and standard devia-
tion reported for all measurements. Significance was set at
P < .05. Descriptive statistics were used to describe sub-
ject characteristics. Pre-post changes in QOL and muscu-
lar strength and endurance were evaluated using repeated
measures analysis of variance, with a Bonferroni adjust-
ment for multiple comparisons, with the mean difference
significant at the .05 level. Effect size is expressed as 1°.
An n2 value of < 0.2 was determined to be a small effect,
a value of 0.2—0.8 was considered a medium effect, and a
value of > 0.8 was considered a large effect.’> Pearson
correlation analysis was used to identify relationships be-
tween strength, endurance, and QOL.

Results
All subjects completed all 16 PR sessions. There were
no differences between groups at baseline for age, body

weight, body mass index, or respiratory function (see Ta-
ble 1), nor were any changes observed over the course of
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the 8-week study period. Furthermore, there were no be-
tween-group differences in perceived QOL either before
or after the training program (Table 2). There were overall
improvements in SF-36 scores for Physical Function
(3.1 = 5.2 points, P = .02), Role Physical (5.7 = 6.5
points, P = .002), Vitality (5.1 %= 8.9 points, P = .03),
Social Function (6.0 = 10.6 points, P = .03), and Mental
Health (3.4 = 6.7 points, P = .04).

Prior to PR, strength and endurance were similar be-
tween the groups. Completion of PR, with or without SSRT,
resulted in significant improvements in lower body mus-
cular endurance (Table 3). As a whole, subjects increased
their GMWT distance by an overall average of 23%, from
279.9 £ 98.1 m to 345.1 £ 92.5 m (P = .001), although
between-group improvements in 6MWT were not statisti-
cally different (P = .91). Significant time by group dif-
ferences favoring the PR plus SSRT group were observed
for both upper and lower body muscular strength. The PR
plus SSRT group demonstrated a 10% increase in 1RM leg
press (P = .004) and a 14% increase in 1RM chest press
(P < .001), while the traditional PR group experienced
small, nonsignificant reductions for both over the 8-week
period.

Prior to commencement of exercise training, among all
subjects, only lower body strength and endurance were
significantly related to QOL. Baseline I1RM leg press and
6MWT scores were correlated with Physical Function
scores on the SF-36 (r = 0.53, P = .02; and r = 0.51,
P = .03, respectively). However, after the 8-week pro-
gram, upper body strength as well as lower body strength
and endurance were correlated with Physical Function
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Table 3.

Muscular Strength and Endurance Before and After 8 Weeks of Pulmonary Rehabilitation or Pulmonary Rehabilitation Plus SSRT

Pulmonary Rehabilitation,

Pulmonary Rehabilitation

mean * SD Plus SSRT, mean = SD
(n=29) (n = 10)
Before After Before After
One repetition maximal chest press, kg 23799 2234+ 89 28.7 £ 11.6 32.8 £ 12.4*
One repetition maximal leg press, kg 79.1 =247 7592 = 25.6 92.5 =415 101.3 = 40.1%
6-min walk distance, m 294.4 + 89.2 359.0 = 70.7% 2709 = 112.7 339.0 £ 112.9%

* Significantly different from baseline and from the pulmonary-rehabilitation-only group (P < .001, 7 = 061)
T Significantly different than baseline and from the pulmonary-rehabilitation-only group (P = .004, 712 = 0.41)

+ Significantly different from baseline (P = .001, nz =0.54)

r=057,P= 01, r =051, P = .03; and r = 0.62,
P = .005, respectively). Despite this, improvements in
Physical Function were found to be predicted only by
improvements in upper body strength (r = 0.54, P = .02).

Discussion

To our knowledge, this is the first study to evaluate the
relatively limited stimulus provided by SSRT on QOL in
a COPD population. Traditional PR provides a brief, mod-
erately intensive exercise program that includes whole body
muscle stimulus. Based on our results, it would appear that
the additional stimulus provided by SSRT was not suffi-
cient to promote additional gains in QOL over and above
those that would be normally anticipated as a result of an
8-week PR program, despite the greater increases in mus-
cular strength and endurance. This may indicate the exis-
tence of a threshold phenomenon for exercise training,
such that once exercise of any type has achieved that thresh-
old stimulus, further improvements in QOL are not dose-
dependent. A similar threshold has been identified for the
effect of muscle strength on physical performance,3® such
that strength gains above that threshold do not result in
similar gains in functional ability.

The findings of Vonbank and colleagues!4 support the
existence of such a threshold. In agreement with the cur-
rent study, they reported that, despite greater increases in
strength induced specifically by resistance training, greater
increases in QOL over and above those achieved by en-
durance training were not observed. It is important to note
that the training volume, and hence the stimulus, of their
resistance exercise program exceeded ours. Although both
exercise protocols included 2 sessions per week, theirs was
of longer duration (12 weeks) and included a multi-set
program of 2—4 sets of 8 exercises. Furthermore, in addi-
tion to endurance training alone and a combined endur-
ance/resistance training group, they included a resistance
exercise alone group that, not surprisingly, demonstrated
the greatest increases in overall strength. Yet despite the
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greater stimulus provided by their resistance training pro-
gram, compared to ours, similar improvements in QOL
were observed in all 3 groups. Greater increases in strength
did not translate into greater increases in QOL.

Our findings are also in agreement with those of Dourado
and colleagues,’” who compared the effects of exercise
training on QOL in COPD patients over a 12-week period.
In this case, moderate-high intensity resistance training
alone was compared with 2 combined training groups,
both of which included walking plus resistance training at
either moderate or low intensity. Both the resistance train-
ing alone group and the walking combined with moderate
intensity resistance training group demonstrated signifi-
cant increases in strength, yet all groups reported signifi-
cant but similar increases in overall QOL. There was no
effect of the greater between-group increases in strength
on improvements in QOL. It would indeed appear that
once a threshold stimulus is achieved for a general exer-
cise program, there is no dose-response benefit of resis-
tance training.

By comparison, our findings disagree with those of
Janaudis-Ferreira and colleagues,'? who found no improve-
ments in QOL after either 6 weeks of PR alone or PR
combined with a specialized arm resistance training pro-
gram. It is possible that the 6-week training period was
insufficient to attain the threshold stimulus needed for a
significant effect on QOL. In any case, despite signifi-
cantly greater increases in upper body strength secondary
to arm training plus PR, compared to PR alone, the addi-
tional stimulus provided solely by upper body resistance
training was not sufficient to promote increases in QOL
when no improvements secondary to PR alone were ob-
served. This is somewhat surprising, given the mediating
influence we observed specifically for upper body strength.
It is possible that the difference in findings lies in the
choice of measurement tools. Janaudis-Ferreira and col-
leagues measured QOL with the Chronic Respiratory Dis-
ease Questionnaire,?® which has a stronger emphasis on
dyspnea and disease management than on physical func-
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tion. As such, it may not be as sensitive to overall func-
tional changes secondary to exercise training as the SF-36,
which includes a discrete physical function component.
Had a more functionally oriented QOL tool been used, it
is possible that increases in QOL similar to those reported
by other researchers would have been observed.

A dose-response effect for PR on QOL has previously
been suggested by Hassanein and Narsavage.?! Our results
extend their findings by proposing a threshold effect, such
that once a threshold exercise stimulus is achieved, further
improvements in QOL are not dose-dependent. If so, iden-
tification of this threshold would be essential for develop-
ing efficient and effective resistance training programs for
COPD npatients.

The importance of upper body muscle strength in COPD
patients has previously been reported by Dourado and col-
leagues.?® The results of our correlation analysis suggest
that improvements in QOL associated with physical func-
tion are mediated by improvements in upper body rather
than lower body function, since only changes in upper
body strength were related to improvements in QOL after
the PR program. Furthermore, the relationship was signif-
icant overall, despite the fact that the traditional PR group
did not actually achieve significant improvements in
strength. It is unclear whether this relationship is a direct
effect of strength gains or that there is an unappreciated
mediating influence of specific functional improvements
related to activities of daily living. More research is needed.

Limitations to this study include its relatively small sam-
ple size. Nevertheless, our results are in agreement with
other researchers,!#37 which supports the validity of our
findings. In addition, due to the randomization process, the
groups were not balanced as to sex. However, since there
were no significant differences in QOL scores either be-
fore or after exercise training, when data were analyzed
either by training groups or by sex (datanot shown, P = .10),
we do not believe that sex exerted an undue influence on
our outcomes. Finally, the potential influence of the QOL
instruments themselves on measurement outcomes should
be recognized. Multiple tools have been used in this pop-
ulation to evaluate QOL. As previously discussed, our
outcomes do not agree with those reported by Janaudis-
Ferreira,'? using the Chronic Respiratory Disease Ques-
tionnaire. However, they are in agreement with Vonbank
and colleagues'4 and Dourado and colleagues,” who eval-
uated QOL using the St George Respiratory Question-
naire. We chose to use the SF-36, which contains multiple
domains reflecting both physical and psychosocial QOL
and to further report individual domain scores for greater
sensitivity. It is possible that the greater spectrum of the
SF-36 allows it to capture elements of QOL reflected in
the St George Respiratory Questionnaire, but not on the
Chronic Respiratory Disease Questionnaire. More research
in this area is evidently needed.
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Conclusions

In conclusion, our findings do not support a short-term
advantage of combining SSRT with traditional PR endur-
ance-type exercise to achieve improvements in QOL. How-
ever, there may be unappreciated long-term advantages
related to the influence of strength, and specifically upper
body strength changes, on the physical health component
of QOL. Clinical exercise programs for COPD patients
should emphasize upper body training in particular, in
order to capture these potential benefits.
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