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A combination of resistance and
endurance training increases leg muscle
strength in COPD: An evidence-based
recommendation based on systematic
review with meta-analyses

Ulrik Winning Iepsen1, Karsten Juhl Jørgensen2,
Thomas Ringbæk3, Henrik Hansen4,
Conni Skrubbeltrang5 and Peter Lange1,3,6

Abstract
Resistance training (RT) is thought to be effective in preventing muscle depletion, whereas endurance training (ET)
is known to improve exercise capacity and health-related quality of life (HRQoL) in chronic obstructive pulmonary
disease (COPD). Our objectives were to assess the efficiency of combining RT with ET compared with ET alone.
We identified eligible studies through a systematic multi-database search. One author checked titles and abstracts
for relevance using broad inclusion criteria, whilst two independent authors checked the full-text copies for
eligibility. Two authors independently extracted data, and we assessed the risk of bias and quality of evidence
according to the Grading of Recommendations Assessment, Development and Evaluation guidelines. We
included 11 randomized controlled trials (331 participants) and 2 previous systematic reviews. The meta-
analyses showed equal improvements in HRQoL, walking distance and exercise capacity. However, we found
moderate quality evidence of a significant increase in leg muscle strength favouring a combination of RT and ET
(standardized mean difference of 0.69 (95% confidence interval: 0.39–0.98). In conclusion, we found significantly
increased leg muscle strength favouring a combination of RT with ET compared with ET alone. Therefore, we
recommend that RT should be incorporated in rehabilitation of COPD together with ET.

Keywords
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Introduction

Skeletal muscle dysfunction is an important conse-

quence of chronic obstructive pulmonary disease

(COPD) and contributes to disease morbidity and pos-

sibly also mortality.1 To prevent muscle depletion,

international guidelines recommend resistance train-

ing (RT) as part of pulmonary rehabilitation (PR) for

COPD.2,3 PR in patients with COPD is known to

improve exercise capacity, health-related quality of

life (HRQoL)4 and reduce the number of days in hos-

pital5 and is today a standard component of COPD

treatment. Supervised endurance training (ET) that

includes whole body exercise such as cycling and

walking has traditionally been the main component
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of PR.4,6–8 Thus, a combination of RT and ET seems

logical. Combined RT and ET (CT) versus ET alone

has been reviewed previously where only small

differences between these two training strategies were

found. However, the two previous reviews did not

systematically grade the quality of the evidence of the

meta-analyses performed and did not investigate poten-

tial harms.9,10 Thus, clinicians may overestimate the

potential implications for current practice, as it is gener-

ally accepted that meta-analyses are the highest level of

evidence. This is also seen in the most recent guidelines,

where the evidence regarding CT has achieved very

high ratings.2 Further, the two previous reviews of CT

were only based on four studies, and in recent years, sev-

eral new studies have been published.9,10 The present

updated systematic review was undertaken to produce

a transparent translation of the current evidence for clin-

ical recommendations based on the guidelines from the

Grading of Recommendations Assessment, Develop-

ment and Evaluation (GRADE) Working Group.11,12

Objectives

The aim of this study was to compare the effect of CT

versus ET alone on patient-related outcomes

(HRQoL, activities of daily living (ADLs), total mor-

tality, adverse events and the degree of dyspnoea) and

physiological outcomes (walking distance, muscle

strength, lean body mass and exercise capacity) in

patients with COPD. The final aim was to formulate

evidence-based recommendations on exercise pre-

scription in PR programmes.

Methods

Eligibility criteria

We pre-specified eligibility criteria using the popula-

tion, intervention, comparison and outcomes (PICO)

approach. We considered studies for this review if they

compared the effect of CT (intervention) versus ET

alone (comparison) as a part of a PR programme in

patients with COPD (population), regardless of disease

severity. Exercise protocols that used RT high load/low

repetitions of both upper and lower extremities were

eligible, as was the use of free weights, weight-lifting

machines and use of own body weight. ET was also

broadly defined but a main component of either mod-

erate- to high-intensity continuous walking and/or erg-

ometer cycling was considered adequate. Our primary

outcomes were HRQoL, ADLs, total mortality, adverse

events and the degree of dyspnoea measured with the

Medical Research Council scale. Secondary outcomes

were walking distance, muscle strength, lean body

mass and exercise capacity (maximal oxygen uptake

and exercise performance in watts). All outcomes were

quantified immediately after the intervention and at the

longest follow-up. Only randomized controlled trials

(RCTs), systematic reviews and guidelines based on

RCTs were considered for inclusion in this review.

Information sources

A research librarian performed a systematic literature

search including the following databases: Medline,

Embase, Physiotherapy Evidence Database, CINAHL,

G-I-N international, NICE, National Guideline Clear-

inghouse, Surgical Implant Generation Network,

Cochrane Library and OTseeker.

The search strategy is presented in Appendix 1.

Search strategy

First, we did a comprehensive search in July 2013 for

COPD rehabilitation guidelines and systematic

reviews, which yielded 2412 records. We then did a

more detailed search in November 2013 for RCTs.

This second search yielded 872 records. All records

were screened for relevant titles or abstracts by one

author.

Study selection

Guidelines and systematic reviews relevant to the

topic were selected and assessed to justify a perfor-

mance of a new systematic review. Full-text guide-

lines selected in the first search were appraised

using the Appraisal of Guidelines for Research and

Evaluation instrument version II13 (see Appendices

2 and 3). We only used the two relevant guidelines for

a screening of reference lists, as no effect estimates

were provided, and the methodology quality did not

meet the standards proposed by GRADE.2,3,11 Rele-

vant systematic reviews selected from the first search

were assessed with A Measurement Tool to Asses

Systematic Reviews by three review authors indepen-

dently (see Appendix 4). Assessments were used for

other PICOs as part of a larger Danish guideline.12

We included two systematic reviews.9,10 From the

second search (for primary studies), two reviewers

independently evaluated the full text of all potentially

eligible papers and made a decision whether to

include or exclude each study according to our pre-

specified criteria following consensus.
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Data collection process

Two reviewers independently extracted data from the

full text of the included studies and recorded details

about study design, interventions, patients and out-

come measures in a predefined standardized Win-

dows Excel 2010 spread sheet. Disagreements were

solved through consensus.

Risk of bias in individual studies

Each included study was assessed using the Cochrane

risk of bias tool.14 The risk of bias assessment was

done independently by two reviewers following dis-

cussion and consensus.

Summary measures

We used mean differences (MDs) to calculate effects

for continuous outcome data if the outcome measures

were presented on the same scale. When pooling con-

tinuous outcome data measured on different scales,

we used standardized mean differences (SMDs). We

used random effects meta-analyses, as we expected

variation in populations, duration of intervention and

types of training between the included studies. The

Review Manager Version 5.2 software was used for

the statistical analyses and to produce forest plots.15

Synthesis of results

If the value (þ/�) of the various scales used had dif-

ferent meaning, we inverted the value of one scale.

We considered an I2 score above 50% as indicating

significant heterogeneity.

Risk of bias across studies

The quality of the evidence for each pre-specified out-

come was assessed across the included studies as pro-

posed by the GRADE Working Group using the

GRADE Profiler Version 3.6 software.16 The evi-

dence for each outcome was assessed according to the

five GRADE criteria, namely, risk of bias (as assessed

with the Cochrane risk of bias tool), inconsistency,

indirectness, imprecision and risk of publication bias,

by two review authors independently following con-

sensus. If the quality of evidence was downgraded,

we mention the reason in a footnote in Table 2.

Additional analyses

Data on HRQoL from O’Shea et al.9 were reanalysed

to get an overall result on the Chronic Respiratory

Questionnaire (CRQ) and the quality of the evidence

was assessed using the GRADE criteria.

Results

Study selection

We identified 11 eligible primary studies (RCTs) for our

analyses.17–27 These included a total of 331 randomized

participants. Four of the 11 studies were included in two

previous systematic reviews.9,10 Figure 1 shows the

flow diagram for our selection process.

Study characteristics

Table 1 shows the characteristics of the included stud-

ies. Nine studies were conducted in an outpatient set-

ting18,20–27 and in two studies during admission.17,19

The duration of the different training programmes var-

ied. Although training duration in two of the studies was

only 3 weeks19 and 6 weeks,27 respectively, the remain-

ing nine studies were of 8–12 weeks duration.17,18,20–26

Training frequencies varied from two to three times a

week. There was no reported difference in baseline

characteristics of patients between groups in all but one

study, where patients in the CT group were significantly

older compared with the ET group.22

RT was performed on weight-lifting machines,

with free weights, or by calisthenics and included

both the upper and lower body musculature. In most

of the included studies, the work load was increased

over time, either by adjusting the work load to the one

repetition maximum load or by a predetermined incre-

ment.17–22,24–27 In one study, no progression in work

load was reported.23 ET was performed as ergometer

cycling, as treadmill walking or a combination, and in

one study with low-intensity upper extremity strength

training. Intensity of ET was determined as the per-

centage of maximum exercise capacity, as self-

determined intensity or by adjustment according to

the level of dyspnoea/heart rate during exercise.

Risk of bias within studies

Figure 2 shows risk of bias of the included studies.

None of the 11 included randomized studies were

double-blinded, as the participants were impossible

to blind to the training intervention. In one study, the

outcome assessor was blinded.22 Allocation conceal-

ment and the randomization method were not

described in eight studies.17–20,23,24,26,27 One study

used block randomization for allocation concealment

but used toss of a coin for the randomization
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procedure.21 Mador et al. used opaque, sealed envel-

opes for allocation concealment but the sequence gen-

eration was not described.22 Panton et al. ascribed

patients to the control group due to time restraints.25

Four studies were assessed as having a high risk of

incomplete outcome data reporting due to a large or

uneven dropout.17,20,23,27 In only one study, we

detected selective reporting of outcome measures, as

the investigators measured maximal oxygen uptake

but did not report the results.27 Three studies had

other bias, as differences in baseline characteris-

tics19,20 or patient cross over after randomization.26

Thus, the quality of evidence from all studies included

was downgraded due to risk of bias (Table 2).

Effects of the intervention

Only results recorded immediately after the interven-

tion were analysed, as only one trial presented results

after extended follow-up.24 Thus, we could not assess

the long-term effect of CT compared to ET.

Health-related quality of life. HRQoL was investigated in

six (198 participants) of the included studies.17–18,21–24

Three studies included in an earlier review9 showed a

small trend favouring ET alone but found no statisti-

cally significant difference (Table 2). In two trials,

HRQoL was measured on the St George Respiratory

Questionnaire (SGRQ) scale.17,18 We found no signif-

icant difference in HRQoL in the trials using the

Figure 1. Flow diagram of the selection process.
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SGRQ scale, MD of �4.23 (95% confidence interval

(CI): �17.22 to 8.75). The quality of the evidence was

downgraded due to imprecision, as indicated by a wide

CI and the small number of participants (Table 2).

Nakamura et al. showed HRQoL improvements in

both groups but no significant difference between the

two groups. These results could not be pooled in the

SGRQ or the CRQ meta-analyses, as a different ques-

tionnaire was used.23

Activities of daily living. Time to finish a test set of ADLs

after the intervention was investigated in two trials

(73 participants) but no difference between groups

was found.19,20 As different ADLs tests were used,

data was deemed incomparable and, thus, not meta-

analysed.

Adverse events. Four studies reported on adverse events

(105 participants).21,25–27 In two trials, the authors

stated that there were no adverse events related to the

training programme,19,25 whereas two trials reported a

total of two cases with back pain possible due to CT

and one case of hip pain possible due to ET.26,27

Results were not meta-analysed.

Total mortality and dyspnoea. None of the included

studies had investigated the effect on neither the level

of dyspnoea nor the mortality.

Walking distance. Walking distance was evaluated in

nine of the included studies (287 participants).17,19–

26 Data from seven trials were pooled, as all these

trials used the 6-minute walk test (6MWT). Our

meta-analysis did not show statistically or clinically

significant difference between CT and ET (Figure 3),

MD of �7.77 meters (95% CI: �43.93 to 28.40).

Ortega et al. found no significant difference between

groups using the shuttle walk test.24 Panton et al. used

the 12-minute walk test and found a statistically sig-

nificant difference (p < 0.05) between groups favour-

ing CT.25 However, these two trials were not included

in the meta-analysis because we assessed that data

could not be directly compared with the 6MWT. The

quality of the evidence from the meta-analysis of this

outcome was downgraded due to imprecision and

inconsistency (Table 2).

Maximal oxygen uptake. The change in the maximal

oxygen uptake was measured in five trials (165

participants).18,21–24 All tests were described as

cardiopulmonary exercise tests and used analyses

of exhaled gas. We included all results of peak

oxygen uptake and maximal oxygen uptake and

pooled data using SMD. We found no difference

between the two groups, SMD �0.07 (95% CI:

�0.47 to 0.33) (Table 2).

Maximal work load. Five trials (165 participants) mea-

sured the maximal work load in watts.18,21–24 The

pooled results showed no difference between the

compared training modalities, SMD 0.38 (95% CI:

�13.88 to 14.64). There was some heterogeneity

between the study results (I2 of 61%), and the point

estimates showed effects in opposite directions. Thus,

Figure 2. Risk of bias.
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Table 2. Summary of findings.a

Patient or population: Patients with COPD
Settings: Inpatient and outpatient
Intervention: Combined RT and ET (CT). Control: ET alone

Outcomes

Illustrative
comparative risksb (95% CI)

Relative
effect

(95% CI)

Number of
participants
(studies)

Quality
of the
evidence
(GRADE) Comments

Assumed risk Corresponding risk

Control
CT versus ET alone for

COPD

Quality of
life-SGRQ

Training
duration:
mean 12
weeks

The mean SGRQ in the
intervention groups was
4.23 lower (17.22 lower
to 8.75 higher)

48 (2 Studies) ����
Low1,2,3

Quality of
life-CRQ

Training
duration:
8–12
weeks

The mean CRQ in the
intervention groups was
0.16 SDs lower (0.35
lower to 0.03 higher)

90 (3 Studies) ����
Moderate1

Data from O’Shea
et al.9 were re-
meta-analysed
to get overall
result

Adverse
events

Training
duration:
6–12
weeks

See comment See comment – 101 (4 Studies) ����
Moderate4

Possible risk of
low back pain
with
intervention.

6MWD
Training
duration:
3–12
weeks

The mean 6MWD in meters
in the intervention groups
was 13.29 lower (55.64
lower to 29.07 higher)

146 (7 Studies) ����
Very
low1,5,6

VO2max

Training
duration:
8–12
weeks

The mean VO2max in the
intervention groups was
0.07 SDs lower (0.47
lower to 0.33 higher)

137 (5 Studies) ����
Moderate4

SMD �0.07
(�0.47 to 0.33)

Max
workload
(watts)

Training
duration:
8–12
weeks

The mean max workload
(watts) in the intervention
groups was 0.38 higher
(13.88 lower to 14.64
higher)

137 (5 Studies) ����
Very
low4,5,7

Leg muscle
strength

Training
duration:
8–12
weeks

The mean leg muscle
strength in the
intervention groups was
0.69 SDs higher (0.39–0.98
higher)

194 (8 Studies) ����
Moderate1

SMD 0.69 (0.39
to 0.98).

(continued)
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we downgraded the quality of the evidence due to

both inconsistency and imprecision (Table 2).

Muscle strength. Nine trials (265 participants) per-

formed muscle strength measurements of various mus-

cle groups.17–18,20–26 Eight trials presented results of

one or more measurements of muscle strength in the

lower extremities.17–18,20–22,24–26 We found test results

of leg press and leg extension comparable and pooled

these data in a common leg strength category using

SMD. This leg strength category represented our

pre-specified secondary outcome of muscle

strength. The pooled analysis showed a statistically

significant increased muscle strength in the CT

group compared with ET (SMD of 0.69 (95% CI:

0.39–0.98); Figure 4). Results were consistent across

trials and no heterogeneity was seen (I2 ¼ 0%; Table

2). Nakamura et al. found an increase in muscle strength

after CT compared with ET, although not statistically

significant.23 However, results were not included in our

meta-analysis, as this trial used handgrip strength and

the remaining trials used leg strength.

Discussion

Summary of main findings

Based on the eligible 11 randomized trials (331 parti-

cipants), we found no significant differences in our

primary outcome measures between CT compared

with ET but observed moderate quality evidence sup-

porting a significant improvement in leg muscle

strength favouring CT.

Primary outcomes

QoL is probably increased by physical activity and is

not likely to be influenced by the type of exercise

training. Based on the results from the included

Table 2. (continued)

Patient or population: Patients with COPD
Settings: Inpatient and outpatient
Intervention: Combined RT and ET (CT). Control: ET alone

Outcomes

Illustrative
comparative risksb (95% CI)

Relative
effect

(95% CI)

Number of
participants
(studies)

Quality
of the
evidence
(GRADE) Comments

Assumed risk Corresponding risk

Control
CT versus ET alone for

COPD

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and
may change the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is
likely to change the estimate.
Very low quality: We are very uncertain about the estimate.
1. Lack of blinding and baseline differences.
2. Lack of blinding.
3. Only two studies, few patients and wide CI.
4. No explanation for drop-outs was provided.
5. Significant results of individual trials with point estimates in either direction. This difference may be explained with
identified sources of bias.
6. Wide confidence interval.
7. I2 ¼ 61%, non-overlapping CIs with point estimates in either direction.

CRQ: Chronic Respiratory Questionnaire; CT: combined resistance and endurance training; ET: endurance training; GRADE: Grading
of Recommendations Assessment, Development and Evaluation; COPD: chronic obstructive pulmonary disease; 6MWT: 6-minute
walking test; SGRQ: St. George Respiratory Questionnaire; VO2max: maximal oxygen uptake; CI: confidence interval; RT: resistance
training.
aCombined RT and ET versus ET alone for COPD.
bThe basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its
95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
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review,9 where we reanalysed data and assessed the

quality of evidence according to the GRADE criteria

and by pooling of recorded data from the newer trials,

we found no difference in HRQoL between CT and

ET. However, this was an uncertain finding due to

risk of bias and imprecision and future research could

change the effect estimate.

If discomfort is experienced as a direct conse-

quence of the exercise training, adherence to a PR

programme may be reduced and high-intensity resis-

tance or ET may not be tolerated by all patients. How-

ever, training intensities should be high enough to

achieve the beneficial physiological adaptations.28

In many of the included studies, we observed high

dropout rate that allows for unknown harms of the dif-

ferent training modalities. In two trials, participants in

the CT group reported lower back pain, possibly due

to the training programme, but the majority of studies

did not report any adverse events. We would however

not expect major adverse events as a consequence of

exercise training if the type of training and level inten-

sity is adjusted individually.

Secondary outcomes

We found equal improvements in walking distance,

maximal work load and maximal oxygen uptake but

no differences between the two groups. However, we

found moderate quality evidence showing a signifi-

cantly increased leg muscle strength favouring CT

compared with ET. The leg muscle dysfunction contri-

butes to COPD morbidity, and reduced quadriceps

strength has been shown to be a significant predictor

of mortality in COPD, independent of lung function

impairment. Exercise training is thought to be an effec-

tive countermeasure of muscle dysfunction.1,29 Our

results show that prescribing exercise training with a

component of both RT and ET seems beneficial.

Exploring the optimal amount of training and the

dose–response relation of RT was not a part of the

scope in this study. Table 1 describes the quite hetero-

geneous exercise protocols used but, overall, the RT

in the included studies was in alignment with current

recommendations.1,20,30 As the dosage of ET could

have been higher in the CT group, and as some

Figure 3. The effect of RT and ET compared with ET alone. Outcome: walking distance using the 6-minute walking test.
RT: resistance training; ET: endurance training; 6MWT: 6-minute walk test.

Figure 4. The effect of RT and ET compared to ET alone. Outcome: leg muscle strength. RT: resistance training;
ET: endurance training.
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patients in the control group did RT at low intensities,

we have downgraded the evidence accordingly. A

previous review suggested that the longer duration

of rehabilitation has a greater effect on improvement

in walking distance31 and this could explain the het-

erogeneity in our results.

The recommendations regarding the intensity and

the duration of RT for patients with COPD are mainly

based on consensus statements and findings from

studies including healthy elderly,1,28,30 and the mini-

mal clinically important difference for muscle

strength is, to our knowledge, not established. There-

fore, we suggest that muscle strength should therefore

routinely be assessed in COPD patients enrolled in PR

in order to ensure efficient individualized RT.

Limitations

An important limitation was that the quality of evi-

dence from all studies included in the present review

was downgraded due to risk of bias according to the

GRADE guidelines. This was done mainly because

of unknown randomization and sequence generation

methods but also due to the nature of training, as the

participants were impossible to blind. An additional

limitation was the high dropout rate in many of the

included studies, which allows for unknown effects

and harms.

Conclusions

The results of this updated systematic review of 11

randomized trials show that CT compared with ET

is equally effective in improving QoL and exercise

capacity in COPD. However, our results show that the

addition of RT to ET is superior with regard to

improving leg muscle strength. Skeletal muscle dys-

function influences the clinical outcome of COPD,

and it is likely that RT plays an important role in the

prevention and treatment of this co-morbid condition.

Therefore, we make a weak recommendation of rou-

tine prescription of a combination of resistance and

ET in COPD rehabilitation. Although we recommend

that health-care providers include patient preferences

and clinical assessments of muscle dysfunction in the

clinical decision-making when offering physical

training, future prospective studies should allow for

a better understanding of the long-term effects of the

different training modalities in COPD and we call

upon future research that explore the mechanisms

involved in the beneficial effects of exercise training.
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