
Vol.:(0123456789)1 3

Aging Clinical and Experimental Research (2020) 32:1911–1922 
https://doi.org/10.1007/s40520-019-01339-8

REVIEW

Effects of resistance training on exercise capacity in elderly patients 
with chronic obstructive pulmonary disease: a meta‑analysis 
and systematic review

Ning Li1 · Peijun Li1 · Yufan Lu1 · Zhengrong Wang1 · Jian Li1 · Xiaodan Liu2,3 · Weibing Wu1 

Received: 29 April 2019 / Accepted: 27 August 2019 / Published online: 7 September 2019 
© Springer Nature Switzerland AG 2019

Abstract
Objective  The objective of this study was to summarize and determine the effectiveness of resistance training on exercise 
capacity in patients with chronic obstructive pulmonary disease (COPD).
Methods  We searched PubMed, EMBASE, Cochrane Library, and two Chinese databases (China National Knowledge 
Infrastructure and Wanfang Data) to identify articles written in English or Chinese and published from January 2000 to 
January 2019. Randomized controlled trials were included if they evaluated the effects of resistance training on exercise 
capacity in COPD patients. We assessed the quality of the trials using the Physiotherapy Evidence Database Scale. Data 
from these studies were pooled to calculate weighted mean difference (WMD) or standardized mean difference (SMD) with 
95% confidence intervals (CI).
Results  Eleven studies with a total of 405 participants met the inclusion criteria. Compared with the non-exercise control 
group, resistance training significantly improved 6-min walking distance (WMD, 54.52; 95% CI 25.47–83.56; I2 = 43%; 
P = 0.14), transfer numbers for the 6-min pegboard and ring test (WMD, 25.17; 95% CI 10.17–40.16; I2 = 0%; P = 0.55), 
and tolerance time for the unsupported upper-limb exercise test (SMD, 0.41; 95% CI 0.03–0.79; I2 = 0%; P = 0.83). There 
were no significant differences in constant work rate endurance test results or in peak oxygen uptake between the two groups.
Conclusions  Resistance training was an effective approach to improve functional exercise capacity, endurance exercise 
capacity, and peak exercise capacity in COPD patients.

Keywords  Chronic obstructive pulmonary disease · Resistance training · Functional exercise capacity · Endurance exercise 
capacity · Meta-analysis

Introduction

Chronic obstructive pulmonary disease (COPD) is a com-
mon disease that is characterized by persistent respira-
tory symptoms and airflow limitation [1]. According to 

a 2018 Lancet report, the prevalence of COPD has risen 
from 8.2% in 2008 to 13.7% among Chinese people 
aged ≥ 40 years [2]. Patients with COPD often complain 
of a decline in exercise capacity, which is associated with 
hospital admissions [3], leading to a substantial financial 
burden on individuals and families. Exercise capacity 
is the most significant predictor of mortality in COPD 
patients [4]. In addition, exercise capacity showed meas-
urable and progressive deterioration with the decline of 
airflow limitation in COPD patients [5]. Therefore, COPD 
patients and clinical staff should place high emphasis on 
the evaluation and rehabilitation of exercise capacity.

Exercise training, as the cornerstone of pulmonary reha-
bilitation, is the optimal strategy for improving exercise 
capacity and health-related quality of life (QOL) in COPD 
patients [6]. Resistance training method, which uses spe-
cific resistance to induce muscle contractions, requires 
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fewer minute ventilation and oxygen consumption, thereby 
causing less dyspnea [7]. Recently, research into training 
with elastic bands training has been conducted, extend-
ing the prospective applications of resistance training [8]. 
Studies have shown that resistance training significantly 
improves pulmonary function [9] and reverses muscle dys-
function in patients with COPD [10]. Liao et al. found that 
resistance training improved the percentage of predicted 
forced expiratory volume (FEV1), the dyspnea domain of 
the Chronic Respiratory Disease Questionnaire and skele-
tal muscle strength [11]. As dyspnea and muscle functions 
are the main factors influencing the exercise capacity of 
patients with COPD, it can be speculated that resistance 
training is an effective rehabilitation method for improving 
the exercise capacity in such patients.

However, previous meta-analyses have not demon-
strated the effectiveness of resistance training on various 
types of exercise capacity in patients with COPD. Of these 
studies, that by Liao et al. found that resistance training 
could not induce significant improvements in 6-min walk-
ing distance (6MWD), maximum oxygen consumption 
(VO2max) or maximum exercise workload [11]. McK-
eough et al. found that upper limb resistance training did 
not significantly improve the results of the incremental arm 
crank test, unsupported upper limb exercise test (UULEX) 
or 6-min pegboard and ring test (6PBRT) [12]. Moreover, 
the abovementioned meta-analyses had many limitations, 
including small sample size and low methodological qual-
ity of included studies. Clinical trials have demonstrated 
the positive role of resistance training in improving the 
exercise capacity of COPD patients [13–15]. Consider-
ing the controversy of resistance training targeted at such 
improvement, an updated meta-analysis focused on the 
specific effects of resistance training on various types of 
exercise capacity should be conducted.

According to the differences between the relative contri-
butions of subjective and objective factors to performance 
on different exercise tests [16, 17], exercise capacity can be 
divided into three types: functional, endurance, and peak. 
The 6-min walk test (6MWT) reflects the functional exer-
cise capacity [18], the constant work rate endurance test 
(CWRET) and the 6PBRT reflect endurance exercise capac-
ity [12, 19], and cardiopulmonary exercise test (CPET) and 

the UULEX reflect peak exercise capacity [12, 19]. There-
fore, in this study, we aimed to analyze the results of these 
different exercise tests to explore the comprehensive effect of 
resistance training on the various types of exercise capacities 
of COPD patients.

Methods

This study was conducted in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis 
(PRISMA) guidelines.

Literature search strategy

To identify randomized controlled trials (RCTs) of resist-
ance training intervention for COPD patients, we searched 
PubMed, EMBASE, Cochrane Library, the China National 
Knowledge Infrastructure (CNKI), and Wanfang Data for the 
time period January 2000 to January 2019. All publications 
in English or Chinese were considered. The search strategy 
used three sets of keywords and synonyms: participants, 
interventions, and study design. The controlled vocabulary 
is shown in Table 1. In addition, we screened references to 
relevant systematic reviews and meta-analyses to find other 
potentially eligible studies.

Inclusion and exclusion criteria

Inclusion criteria were as follows: (a) participants with sta-
ble moderate-to-severe COPD; (b) ≥ 4 weeks’ resistance 
training intervention; (c) a comparable control group for 
other treatments, including health education and breathing 
training; (d) outcomes including 6MWT, CWRET, 6PBRT, 
UULEX, and CPET; and (e) RCTs.

Exclusion criteria were as follows: (a) patients with acute 
exacerbations of COPD, with the healthy population as the 
control group; (b) combined endurance and resistance train-
ing for intervention, with endurance training for the control 
group; (c) within-group comparison before and after inter-
vention; (d) no extractable data; and (e) low methodological 
quality (PEDro score < 6 points).

Table 1   Controlled vocabulary for search strategy

Keywords Synonyms

Pulmonary disease, chronic obstructive; lung 
diseases, obstructive; pulmonary emphysema

COPD; chronic obstructive lung disease; chronic obstructive airway disease; chronic airflow 
obstructions

Exercise therapy; resistance training Rehabilitation exercise; remedial exercise;strength training; weight-lifting strengthening 
program; weight-lifting exercise program; weight-bearing strengthening program; weight-
bearing exercise program

Randomized controlled trial Randomized; placebo
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Study quality assessment

Two reviewers independently assessed the methodological 
features of each identified study using the Physiotherapy 
Evidence Database (PEDro) scale. This scale, a useful 
instrument for assessing the methodological quality of reha-
bilitation trials [20], measures the following factors: random 
allocation; concealed allocation; baseline similarity; blind-
ing of subjects, therapists, and assessors; measures of key 
outcomes for > 85% of subjects; intention-to-treat analysis; 
between-group statistical comparisons; and point measures. 
The assessment consists of 10 scored yes-or-no questions 
worth 1 point each; the higher the score, the higher the qual-
ity of the study.

Data extraction

Two reviewers independently checked the title and abstract 
of each article to exclude irrelevant studies. The remaining 
full-text articles were evaluated for whether they met the 
inclusion and exclusion criteria. If a disagreement arose, a 
third reviewer participated in the discussion until a consen-
sus was achieved. Finally, descriptive characteristics of the 
included articles were extracted as follows: study population, 

intervention performed (e.g., modality, movements, inten-
sity, duration), and outcome measures. If a trial was mul-
tiple-arm RCT, we extracted data of relevant intervention 
groups. In addition, we contacted authors for missing values.

Statistical assessment

We used Review Manager (RevMan software version 5.2; 
Cochrane, London, UK) for meta-analysis. Pooled effects 
were estimated by weighted mean difference (WMD) or 
standardized mean difference (SMD) and a 95% confi-
dence interval (CI) to compare the resistance training group 
with the control group. WMD was chosen to report the 
pooled effect of the same measurement method and unit, 
while SMD was chosen for comparing data across differ-
ent measurement methods or units. We calculated results 
using a fixed-effects or random-effects model. Heterogene-
ity among studies was quantified via I2 statistic. I2 values 
of < 25%, 25–50%, and > 50% were considered to represent 
small, moderate, and large amounts of heterogeneity, respec-
tively. The fixed-effect model was used when heterogeneity 
was small or moderate, while the random-effects model was 
adopted for highly heterogeneous studies. The level of sig-
nificance was set at P < 0.05.

Fig. 1   Search and selec-
tion of studies for systematic 
review according to Preferred 
Reporting Items for Systematic 
Reviews and Meta-Analyses 
(PRISMA)
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Results

Study selection

The initial search identified 4729 records from electronic 
databases, and 4 additional records were identified by 
manual searching. After screening for duplicate records, 
we included 3779 articles. Subsequent to title screening, 
683 abstracts were screened and 641 were excluded. We 
identified 42 full-text articles as potentially relevant. Of 
which, we excluded 31 articles for having unextracted 
data, no relevant indicators, and/or PEDro score < 6 
points. Ultimately, 11 articles met our inclusion criteria 
and were included in the systematic review and meta-
analysis (Fig. 1).

Study characteristics

The characteristics of the included studies are summa-
rized in Table 2. The final analysis included a total of 
405 patients, 204 (50.3%) of whom received resistance 
training intervention. Their mean age was 58–70 years 
and their disease severity was moderate to severe. Nine 
studies included patients of both sexes and two studies 
included men only. Resistance training was performed 
on weight machine, free weights, and elastic bands. 
Four of the studies applied weight machine, another four 
studies applied free weights, and the other three studies 
applied elastic bands. Training movements were mainly 
concentrated on the upper and lower limbs. Four stud-
ies conducted both upper and lower limb training; four 
studies conducted upper limb training only; and the other 
three studies conducted lower limb training only. Exer-
cise intensity ranged from 40% to 80% 1-repetition maxi-
mum (1RM), and duration (frequency) ranged from 6 to 
12 weeks (3–5 times/week).In addition, for the control 
groups, four studies applied non-exercise interventions; 
three studies applied breathing exercises; two studies 
applied patient education; one study applied lower limb 
endurance and strength training; and one study applied 
limb flexibility and stretching exercises.

Quality assessment

The quality and domain scores for each study are presented 
individually in Table 3, with a mean value of 7. Four stud-
ies scored 6 points [21–24], four scored 7 points [25–28], 
two scored 8 points [29, 30], and one scored 9 points [31]. 
All RCTs reported random allocation, baseline similar-
ity, group comparison, and point measures. Ten studies 

reported intention-to-treat analysis, nine reported measures 
of key outcomes for > 85% of subjects,and five reported 
concealed allocation. Eight studies reported assessor blind-
ing, as well as common limitations related to subjects or 
therapist blinding. One study implemented blinding of 
subjects. None of the studies implemented blinding of 
therapists, due to the difficulty of such blinding in training 
studies.

Outcomes of resistance training

Functional exercise capacity assessment

Five studies assessed 6MWD [21, 23, 27, 28, 30] to meas-
ure the effects of resistance training on functional exercise 
capacity. Our meta-analysis results are presented as a for-
est plot in Fig. 2. They showed a significant improvement 
in 6MWD for patients in the resistance training group 
compared with the control group (WMD, 54.52; 95% CI 
25.47–83.56; I2 = 43%; P = 0.14).

Endurance exercise capacity assessments

Three studies assessed endurance exercise capacity via 
6PBRT [24, 30, 31]. Our meta-analysis results are pre-
sented as a forest plot in Fig. 3a. They showed a significant 
improvement in transfer number for patients in the resistance 
training group compared with the control group (WMD, 
25.17; 95% CI 10.17–40.16; I2 = 0%; P = 0.55).

Three studies assessed endurance exercise capacity via 
CWRET [26, 29, 30]. Our meta-analysis results are pre-
sented as a forest plot in Fig. 3b. Comparisons between 
the resistance training group and the control group 
revealed no significant differences in exercise tolerance 
time (SMD, 0.43; 95% CI 0.00–0.86; I2 = 0%; P = 0.68).

Peak exercise capacity assessments

Three studies assessed peak exercise capacity via UULEX 
[29–31]. Our meta-analysis results are presented as a for-
est plot in Fig. 4a. They showed a significant improve-
ment in exercise tolerance time for patients in the resist-
ance training group compared with the control group 
(SMD, 0.41; 95% CI 0.03–0.79; I2 = 0%; P = 0.83).

Four studies assessed peak exercise capacity via CPET 
[22, 25, 26, 28]. Our meta-analysis results are presented 
as a forest plot in Fig.  4b. Comparisons between the 
resistance training group and the control group revealed 
no significant differences in peak oxygen uptake (SMD, 
0.24; 95% CI − 0.16–0.63; I2 = 0%; P = 0.79).
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Discussion

This study comprehensively explored the rehabilitative 
effect of resistance training on functional, endurance, 
and peak exercise capacities in patients with COPD. 
Pooled analysis revealed significant beneficial effects of 
such training on 6MWT, 6PBRT, and UULEX in COPD 
patients. These findings indicated that resistance training 
could be adopted to improve the functional, endurance, 
and maximum exercise capacity of people with COPD.

Effect of resistance training on functional exercise 
capacity

As an independent determinant of QOL in patients with 
COPD, the 6MWT showed a significant correlation with 
physical activity level, which is mainly used to reflect 

functional exercise capacity [18, 32]. Unlike the results 
of this study, Liao’s meta-analysis did not support that 
resistance training improved 6MWD in COPD patients. 
This inconsistency in results may be partially explained 
by increased sample size, and that patients who received 
endurance training were excluded from this study. Previ-
ous studies have shown a significant relationship between 
6MWD and quadriceps strength in COPD patients [16] 
and found resistance training to be beneficial in improv-
ing such patients’ muscle strength and endurance [33]. 
Consistently, our meta-analysis showed that resistance 
training significantly improved 6MWD in COPD patients 
compared with the control group. Moreover, the increase 
of 54.52 m (95% CI 25.47–83.56) exceeded the minimum 
clinically important difference (MCID) of the 6MWD in 
chronic respiratory diseases of 33 m [19], which veri-
fied the contribution of resistance training to functional 
exercise capacity in patients with COPD. In addition, as 
emphysema and diffusing capacity of the lungs for carbon 

Fig. 2   Change in 6-min walk test—resistance training group (RTG) versus control group (CG). CI confidence interval, SD standard deviation

Fig. 3   Change in endurance exercise capacity—resistance training group (RTG) versus control group (CG). a Change in 6-min ring and peg-
board test; b change in constant work rate cycle endurance test. CI confidence interval, SD standard deviation
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monoxide (DLCO) can predict the MCID of 6MWD 
reduction in patients with COPD [34], resistance training 
could be practicable for improving pulmonary ventilation 
and gas exchange dysfunction and for relieving dyspnea 
in these patients.

Effect of resistance training on endurance exercise 
capacity

The 6PBRT is often used to evaluate upper limb endur-
ance exercise capacity in patients with COPD [12]. The 
test requires patients to transfer ten plastic rings from two 
shoulder-high pegs to two other pegs set 10 cm higher into 
the same board, and then transfer the rings back to the lower 
pegs [35]. Patients are required to repeatedly move as many 
rings as possible in 6 min [35]. Unlike the results of this 
study, McKeough’s meta-analysis did not support that resist-
ance training improved 6PBRT scores in COPD patients. 
The inconsistent results may be partially explained by 
increased sample size and the fact that we excluded research 
[36] not meeting our test criteria. A previous study found a 
significantly positive relationship between the transfer num-
ber for the 6PBRT and physical activity that relies on the 
upper limbs, such as bathing, dressing, and preparing lunch 
[37]. Unsurprisingly, previous meta-analysis showed that 
unsupported upper limb exercise training increased 6PBRT 
transfer numbers [38]. The present meta-analysis included 

only studies that used resistance training as intervention for 
COPD patients and found consistent results. Therefore, it 
can be speculated that resistance training is conducive to 
maintaining these patients’ capacity for independence in 
daily life by effectively improving their upper limb endur-
ance exercise capacity. During the test, thoracic muscles are 
passively stretched and the thoracic cavity expands which 
aggravate the diaphragmatic burden and cause severe exces-
sive dynamic inflation [37]. In addition, resistance training 
for peripheral muscles has a therapeutic effect on respira-
tory muscles, reflected by improved forced vital capacity 
(FVC: 0.37) and maximum minute ventilation (3.77 L/min) 
[9]. Therefore, resistance training could improve upper limb 
endurance exercise capacity in COPD patients by alleviating 
excessive dynamic inflation.

As the disease progresses, the exercise tolerance time pro-
gressively decreases in COPD patients [39]. Longer exercise 
duration on the CWRET reflects muscles’ increased oxida-
tive capacity and delayed metabolic acidosis [19]. A previ-
ous study has shown that increased exercise tolerance time is 
significantly associated with increased inspiratory capacity 
and decreased respiratory rate after endurance training [40]. 
In addition, non-invasive ventilation promotes a significant 
improvement in the exercise tolerance of COPD patients, 
accompanied by reduced electromyographic activity in res-
piratory muscles [41]. Our meta-analysis discovered a trend 
that resistance training increased the exercise time on the 

Fig. 4   Change in peak exercise capacity—resistance training group (RTG) versus control group (CG). a Change in unsupported upper extremity 
exercise test; b change in peak oxygen consumption (VO2 peak). CI confidence interval, SD standard deviation
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CWRET. However, the related mechanisms are still not clear 
and more studies are needed in the future.

Effect of resistance training on peak exercise capacity

The UULEX, one of the symptom-limited tests, requires 
subjects to repeatedly perform lifting tasks with their arms 
[42]. The exercise time can be used to reflect peak exer-
cise capacity of COPD patients’ upper limbs [43]. Our 
meta-analysis showed that resistance training significantly 
increased exercise time in patients with COPD. In contrast, 
a previous meta-analysis showed that upper limb resistance 
training caused no improvement to UULEX exercise time 
in such patients [12]. These inconsistent results might be 
partially explained by differences in research interventions 
and measurement protocols and by increased sample size. 
Furthermore, we could not provide specific values for the 
increase in exercise time, and the SMD value was small. 
Therefore, more studies are needed to clarify the effects of 
resistance training on peak exercise capacity as evaluated 
by UULEX.

Peak VO2 can be used to measure peak exercise capacity, 
which is assessed via CPET. Our meta-analysis found that 
resistance training could not improve peak VO2 in patients 
with COPD, which was consistent with a previous study 
that also observed no significant increase in peak VO2 after 
resistance training for COPD patients [44]. However, another 
study showed that FEV1 is the most important predictor of 
peak VO2 in COPD patients after eliminating the influence 
of age and gender [16], and a meta-analysis found that resist-
ance training significantly improved FEV1 in COPD patients 
[11]. Therefore, it can be speculated that peak VO2 improves 
after resistance training. However, a resistance training pro-
gram targeted at improving peak VO2 in COPD patients 
should be further explored.

Recommended resistance training program 
for elderly COPD patients

Considering that there are no specific, well-defined pre-
scriptions for resistance training targeted at improving the 
exercise capacity of COPD patients, we have summarized 
the RCTs included in this study to provide suggestions for 
applying resistance training in COPD rehabilitation. It can 
be applied with weight machines, free weights or elastic 
bands based on different training modes with different exer-
cise intensities. Weight machines are mainly used for lower 
limb training, with exercise intensity at 50–80% 1RM. The 
advantages of weight machines are quantified intensity with 
progressive scheme, while their disadvantage is the require-
ment of professional exercise facilities. Free weights are 
mainly used for upper limb training, with exercise intensity 
generally at 50% 1RM, the load should increase when the 

targeted number of repetitions achieved. Such weights are 
simple to use and easy to obtain, and they tend to improve 
upper limb exercise capacity. Finally, elastic bands can be 
used for both upper and lower limb training, and the exer-
cise intensity can be increased by changing the color of the 
band. Elastic bands are suitable for home-based training and 
beneficial to improving functional exercise capacity. How-
ever, the exercise intensity of elastic band training has not 
been quantified, and few studies have clarified a progressive 
scheme. In conclusion, the training mode should be selected 
according to the patient’s needs and existing resources. We 
specifically recommend a training program of three sets of 
8–12 repetitions for each movement, 3 days/week, for at least 
8 weeks.

Strengths and limitations

This study recruited high-quality RCTs (PEDro score ≥ 6 
points) for meta-analysis to provide robust results. Such 
results were comprehensive, including not only function, 
endurance, and peak exercise capacity reflecting the over-
all state of COPD patients but also upper limb endurance 
and peak exercise capacity as they affected patients’ self-
sufficiency. The results further clarified the role of resistance 
training in exercise capacity rehabilitation of COPD patients. 
The summary of the resistance training program could pro-
vide a reference for its application in improving the exercise 
capacity of COPD patients.

However, this study had some limitations. First, the inter-
ventional heterogeneity of training mode, movement, inten-
sity, and duration might have affected the outcomes. Second, 
inconsistency in measurement protocols and results’ units, 
and unit conversion might have led to bias. Third, more than 
half of the included studies did not implement allocation con-
cealment, and defects existed in blinding for therapists and 
patients. Fourth, there might have been a potential publica-
tion bias due to the small number of included studies. Finally, 
this study did not investigate the long-term effects of resist-
ance training on exercise capacity in patients with COPD.

Conclusion

This meta-analysis confirmed that resistance training 
improved the functional exercise capacity of COPD patients. 
Our results showed that resistance training led to improve-
ments in upper limb endurance and peak exercise capacity, 
compared with overall endurance and peak exercise capacity. 
However, larger, longer, multi-center RCTs are required to 
further determine the effectiveness of resistance training on 
exercise capacity in COPD patients.
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