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ABSTRACT       
Chronic obstructive pulmonary disease (COPD) is the third leading cause of mortality and morbidity across the Globe. A meta-a-
nalysis was conducted to determine the effectiveness of different modes of resistance training on FEV1 and functional exercise
capacity among COPD patients. Data bases of Cochrane, PEDro, Embase, CINAHL, PubMed and Google Scholar were searched
seeking research articles of interest. All  those studies were included in which effect of resistance training was determined on
FEV1 and functional exercise capacity of COPD patients and published in English language. All those studies that predated to
2011 were excluded from the review. A sample of 180 COPD patients was included in 5 RCTs. Results of the study demons-
trated that resistance training has a mild pool effect in increasing FEV1 with an effect size of (SMD) of 0.160 (95% CI of -0.840
to  0.521)  calculated  at  random  effect  model,  I2  =  62.99%  (95%  CI  of  0.00  to  89.42);  whereas,  functional  exercise  capacity
demonstrated large pool effect size 0.886 (95% CI of 0.401 to 1.371) with I2 = 0.0 (95% CI of 0.00 to 0.00).
The study concludes that there is a small to large impact of resistance exercises in improving functional exercise capacity and
forced expiratory volume.
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is counted as
the third most common cause of morbidity and disability with
251 million cases per anum reported worldwide.1,2 Previously,
COPD was ranked as fourth among the common causes of
mortality with an estimated three million annual deaths world-
wide, but recent studies has ranked COPD was the third leading
cause of death globally.2,3 According to World Health Organisa-
tion, COPD, deaths are more prevalent among the low socio-e-
conomic developing countries, estimated up to 90% of the
total mortality rate across the Globe.2 In Asia, 13.5% of the total
population suffers with COPD. Particularly, in Pakistan every
10th individual suffers with COPD, out of which 19.4% are of age
above 40 years.4 Moreover, the problem has been identified as
a growing public health concern and a challenge for the clini-
cians of 21st Century.5
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Standardised guidelines suggest that the patients above the
age of 35 years with the history of smoking, accompanied with
symptoms like exertion, difficulty in breathing, chronic produc-
tive cough with wheezing and reduced exercises tolerance are
to be susceptible of being diagnosed as COPD.6 Consequently,
the severity of the condition of patients is further deteriorated
by exacerbations or comorbidities, and significant economic
burden due to the hospitalisation, absence from work, and disa-
bility.7  Corresponding  to  this,  COPD management,  including
medication and recurrent hospitalisation, cost from $1,544 to
$2,335 in Asian countries, annually.8 A number of pharmaceu-
tical and non-pharmaceutical treatment options are counted in
management of COPD patients; however, studies advocated
the effectiveness of multi-disciplinary as well as multi-treat-
ment care programme for the patients with COPD.9 However,
pulmonary rehabilitation has been conferred as the corners-
tone in management of COPD by NICE guidelines, emphasising
the importance of pulmonary rehabilitation for all individuals
presenting with COPD; even those who have acutely suffered an
exacerbation, or underwent recent hospitalisation.6 Moreover,
pulmonary  rehabilitation  programme  that  comprises  of
customised  and  structured  exercises  patterns,  regimes  and
awareness for self-care, improves COPD symptoms and exer-
cise tolerance; and reduces expenditure of resources on recur-
rent hospitalisation and length of stay.10 Resistance training has
demonstrated better improvement in muscular strength than
endurance  exercise  and  causes  lesser  chances  of  dyspnea,
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while performing activities.11 Therefore, resistance training is
more tolerable than endurance exercise regime.  Researches
show evidently upon that combining the protocol of resistance
and endurance training has shown significant increase in the
respiratory parameters.12

METHODOLOGY

The  meta-analysis  was  performed  as  per  the  guidelines  of
preferred reporting items for systematic reviews and meta-anal-
yses (PRISMA).

Eligibility criteria defined as all those studies that evaluate the
effect of resistive exercise training on respiratory functionality,
functional exercise capacity and health-related quality of life
among the individuals suffering with COPD were incorporated
for the review. All the research articles included in the review
were published in English and searched with the vocabulary
controlled keywords including chronic pulmonary obstructive
disease, COPD, resistance training, anaerobic exercise, pulmo-
nary function, FEV1, FVC, minute ventilation, and functional
capacity.

An electronic search was generated to identify the reaches eval-
uating the effectiveness of resistance exercises on respiratory
function, health-related quality of life and exercises, capacity of
COPD patients on various online data bases such as Cochrane,
PeDro,  Embas,  Cinhrl,  Pubmed  and  Google  Scholar.  All  the
studies meeting eligibility criteria and published between 2015
and 2020 were incorporated into the review at first. However,
due to the insufficient number of studies matching the subject
preset tenure of publication, researches published from 2010 to
2020 were taken in account, too.

Experimental  studies were electronically selected to perform
systematic review with the target population of COPD patients,
intervention of resistance exercise training with elastic resis-
tance  bands,  dumbbells  or  any  other  type  of  resistance
comparing  with  aerobic  or  endurance  training  that  is  either
provided alone or in combination with resistance or any other
modality; and outcome measures including pulmonary function,
exercise  capacity  and  health  status.  Preferably,  randomised
controlled trials were prioritised. However, due to limited availa-
bility of literature on desired subject, a quasi-experimental study
was also included.

Each article was reviewed by the author to check if the title and
the content of the selected study match with the inclusion and
exclusion criteria. Finally, descriptive data was extracted from
the selected studies into a standardised table under the head-
ings including name of first author along with year of publica-
tion,  total  sample  size  and  count  of  individuals  recruited  in
experimental and control groups, intervention with duration,
mode and frequency, outcome measures and results as repre-
sented in Table I.

Risk of bias was evaluated among the studies by using standard
checklist of Cochrane, considering five domains including random
sequence generation, allocation concealment, blinding of partici-

pants, blinding of outcome assessor, and reporting bias. Each
study was designated as high, moderate or low for each of the said
categories.

Qualitatively,  data  was  analysed  using  MedCalc  software
through the difference of standardised means (SMD) to esti-
mate the pool effect of random effect model keeping I2 at 95% of
Cl. Hedge G statistics was used to formulate a forest plot and
table of SMD to interpret the findings in accordance of Cohen’s
rule of thumb that designate values of 0.2, 0.5 and 0.8 as small,
medium and greater effect size, respectively. Level of hetero-
geneity was calculated by using percentile of heterogeneity
and Cochrane Q.   

RESULTS

Originally, a total of 17,400 articles were searched through an
electronic  search  strategy  that  include  16,520  from  Google
scholar,  337  from  Cochrane,  282  from  PubMed,  170  from
Embase, 81 from PEDro, nine from Medline and one study from
CINAHL. Further, screening was performed on the basis full-text
availability, duplication, language and relevancy to the topic and
date of publication that filtered out 642 including randomised
controlled trials and quasi-experimental studies. However, after
full-text screening nine studies met the inclusion selected speci-
fying  RCTs  and  quasi-experimental  studies  investigating  the
effectiveness of resistive exercises on COPD patients in compari-
sons with aerobic exercises regimes as illustrated in.

Records  of  361  patients  were  retrieved  from  nine  studies.
However, due to heterogeneity of outcome measures among
selected studies, meta-analysis was performed on three studies
for FEV1 and two studies for 6MWT.

The findings of meta-analysis out of 3 studies on collectively 107
patients revealed small effect size as per the Cohen’s rule of
thumb, for the impact of resistance training on Force expiratory
volume in 1st second of expiration through SMD, showing impact
of 0.160 (95% CI of -0.840 to 0.521) in random effect model
among the COPD patients as shown in Table II. Moreover, this
effect size is further enthralled in the forest plot with 95% confi-
dence interval in random effect model as shown in Figure 2. 

I2 was used to measure out the percentage of heterogeneity.
However, percentages of inconsistencies between the SMD of
included  researches  was  calculated  through  Cochrane  Q,
considering the value of I2 = 62.99% (95% CI of 0.00 to 89.42)
with Q = 5.4041 as demonstrated in Table III.

This meta-analysis conducted for determining the pool effect
size of resistance exercise training on 6 minute walk test score
of collectively 73 COPD patients, reported in two studies, which
showed significant improvement in comparison to the control
group. Eventually, the pool event size for the impact of resis-
tance training showed large effect size according to the Cohen’s
rule of thumb with SMD of 0.886 (95% CI of 0.401 to 1.371)  in
both random effect model  and fixed effect model  as shown
Table IV. Moreover, these results are further intrigued in the
forest plot, showing an increasing trend in the scores of 6 minute
walk test by performing resistance exercise in the Figure 3.
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Table I: Characteristic of studies included in meta-analysis.

S. No. Author Group N Target
population Intervention Outcome measures Results p-value

1
Edvardsen E
(2014) 13

 

Training 30

 COPD

High-intensity endurance and strength
training (60 min, three times a week, 20

weeks)
 

Minute ventilation, FEV1,
TLCo, PO Uptake

 

Significant
results for PO
Uptake and,
Tlco, non-

significant for
FEV1, MVV

 

0.002,
0.007
0.738,
0.064
resp.control 31

2
Zambom-
Ferraresi F
(2015) 14

Combined
training 14

COPD

12 weeks, I d / week resistance &1d /
week endurance training

Pulmonary function  (FEV1,
FVC, FEV1/FVC, TCL)

Non-significant >0.05
Resistance

training 14 12 weeks, 2 d / week resistance training
Mean Inspiratory Pressure

and Mean Expiratory
Pressure

Control 8  
Functional Capacity, Muscles

Strength, Quality of life
(BODE)

Significant <0.05

3 Vonbank K
(2012) 15

Endurance
training 12

COPD

Cycle ergometer twice / week tolat duran
60 min intensity 60% Pulmonary function (FEV1

and FEV1/FVC) and
cardiopulmonary exercises

testing
Not significant >0.05Progressive

strength
traininig

12 Twice/ week 8-15 rep / set (leg press,
bench press, bench pull)

Combination 12 Both combined

4
Silva e Silva
CM
(2018) 16

Control
Group 25

COPD

Warm-up, aerobic exercise, inspiratory
muscle training, and session stretching,

followed by massage therapy
Functional exercise capacity
(6MWT), respiratory muscle
strength (MIP, MEP), upper
limb strength (MR), dysnea

(mMRC), quality of life
(SGRQ)

Significant in
6MWT, MIP, MR

& SGRQ

p-values   
0.043,

0.001,     
0.027,     

0.000
Treatment

Group 26

Warm-up, aerobic exercise, inspiratory
muscle training, three sets of upper
limb resistance exercise, and session
stretching, followed by massage
therapy

Figure 1: Flow of studies (characteristic data of the selected studies
is demonstrated in Table I).

Q and I2 test was applied in order to estimate the statistical
heterogeneity. Q = 0.347 and I2 = 0.00 suggested no incon-

sistency  on  both  random  and  fixed  models  on  95  %  confi-
dence interval as mentioned in Table V. 

Figure  2:  Forest  plot  indicating  fixed  and  random  effect  model  for
FEV1.

Qualitative analysis  revealed significant  impact  of  resistance
exercises regime on functional exercise capacity in studies.
While  none  of  the  included  studies  showed  significant
improvement in overall  pulmonary function in response to
resistance training except for one study (Edvardsen et al.),
which  showed  significant  improvement  in  the  total  lung
capacity  of  the  patients  in  experimental  group  (p-value
<0.05). The same study also signifies the results of PO uptake
in training group. Furthermore, three researches advocated
the significant improvement in the status of quality of like on
either SGRQ or BODE index.
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Table II: Demonstrating the findings of FEV1 meta-analysis.

Study N1 N2 Total SMD SE 95% CI T P
Weight (%)

Fixed Random

Edvardsen E et al., 2014 30 31 61 -0.0249 0.253 -0.531 to 0.481   58.23 41.28

Zambom-Ferraresi F et al., 2015 14 8 22 -0.978 0.451 -1.919 to -0.0370   18.29 27.72

Vonbank K et al., 2012 12 12 24 0.392 0.398 -0.434 to 1.218   23.48 31.00

Total (fixed effects) 56 51 107 -0.101 0.193 -0.484 to 0.281 -0.525 0.601 100.00 100.00
Total (random effects) 56 51 107 -0.160 0.343 -0.840 to 0.521 -0.466 0.642 100.00 100.00

Table III: Test of heterogeneity for FEV1. 

Q 5.4041
DF 2
Significance level p = 0.0671
I2 (inconsistency) 62.99%
95% CI for I2 0.00 to 89.42

  

Figure 3: Forest plot showing random and fixed effects model.

Overall assessment for the risk of bias was performed by
using standardised checklist of Cochrane for risk of bias
including selection bias, attrition bias, reporting bias, and
bias in the performance for all the studies taken in account
to  perform meta-analysis  assessing  random sequencing,
concealment of participants allocation into groups, masking
of  participants,  interventionists  and  outcome  assessors;
and selective reporting of data upon the authors judgement
as shown in Table VI and further illustrated in Figure 4.

DISCUSSION

The meta-analysis conducted upon FEV1 demonstrated small
pool  side  effect  for  the  resistance  training  in  improving  the
FEV1 with an effect size of 0.160 (95% CI of -0.840 to 0.521),
which  was  calculated  with  random  effect  model  considering
the value of 62.99% (95% CI of 0.00 to 89.42) on random
effect  model  in  comparison  endurance  training.  Correspond-
ingly,  Liao  et  al.  also  reported  similar  effects  of  resistance
training on FEV1.17 Nevertheless, their findings are reported in

terms of FEV1 absolute and FEV1 as percentile of predicted
values.17 FEV1 absolute showed no significant impact of resis-
tance training over comparative groups in improving FEV1
with WMD of 0.17 at 95% CI of 0.01 to 0.35, and hetero-
geneity I2 0% (p=0.07). Contrariwise, FEV1 in terms of percen-
tile of predicted % showed statistically significant pool effect
size for resistance training group with WMD of 6.88% at 95%
CI of 0.41–13.35% and heterogeneity I2 0%, (p=0.04) .17

However, meta-analysis for the impact of resistance exercise
training on exercise capacity in terms of 6 minute walk test
deduced  significant  results  with  large  effect  size  SMD  of
0.886  (95%  CI  of  0.401  to  1.371)  in  both  random  and  fixed
effect  model  with  0.00% inconsistencies  as  I2  = 0.00 at  95%
confidence interval.  Consequently,  meta-analysis findings for
functional exercise capacity (6 minute walk test), therefore,
corresponds  to  results  of  meta-analysis,  performed in  the
2019 by Li  et  al.,  showing significant  improvement in  scores
of 6 minute walk test among the COPD patients performed
resistance  training  with  WMD,  54.52  at  95%  CI  of
25.47–83.56.18 However, level of heterogeneity reported by Li
et al. was I2 = 43% (p=0.14), conversing to present study
findings of I2  = 0.00%, which indicate more accurate findings
for  the  similar  impact  trend  that  might  be  insignificantly
affected by the difference in  the number of  studies included
by Li et al., but excluded in this review as predating to the
criterion  for  inclusion.18  In  contrast  to  this,  meta-analysis
published by Liao et al. reported non-significant effect of resis-
tance training in improving scores of 6 minute walk test with
WMD of 1.83 m, 95% CI of 15.32 to 18.97, and heterogeneity
level of I2 = 0% (p=0.83).17 In addition to this, Lima et al. 2020
reported  an  uncertain  effect  size  of  resistance  training  in
comparison with no-exercise control group with a mean differ-
ence (MD) of 17.13 at 95% CI of −6.33 to 40.58 and hetero-
geneity  I2  =  57%.19  Similarly,  meta-analysis  conducted  by
Lepsen et al. reported non-significant difference in scores of 6
minute  walk  test  in  resistance  training  and  endurance
training  with  mean  difference  (MD)  =  –  9.91  at  95%  CI  of  
31.55  to  11.73.  Consequently,  there  is  a  relative  difference
among the results of various meta-analyses.20

Other  outcome  measures  that  were  not  incorporated  in
meta-analysis include health- realted quality of life that was
statistically  found  to  be  improved  in  significant  manner
among three of the included studies by using BODE index or
St. George Respiratory Quessionarrie.



Impact  of  resistance training on FEV1 and functional  exercise capacity  among COPD patients

Journal  of  the College of  Physicians and Surgeons Pakistan 2022,  Vol.  32(01):68-7472

Table IV: Demonstrating the findinsd gs of meta-anaysis for 6MWT.

Study N1 N2 Total SMD SE 95% CI T P Weight (%)
Fixed Random

Zambom-Ferraresi 14 8 22 0.671 0.438 -0.243 to 1.585   30.81 30.81
Silva e Silva 25 26 51 0.982 0.292 0.394 to 1.569   69.19 69.19
Total (fixed effects) 39 34 73 0.886 0.243 0.401 to 1.371 3.643 0.001 100.00 100.00
Total (random effects) 39 34 73 0.886 0.243 0.401 to 1.371 3.643 0.001 100.00 100.00

Figure 4: Author's judgement for the risk of bias.

Table V: Test of heterogeneity for 6MWT.
Q 0.3472
DF 1
Significance level P = 0.5557
I2 (inconsistency) 0.00%
95% CI for I2 0.00 to 0.00

Table VI: Authors judgement for the risk of bias within the studies.

S.
No. Author

Selection Bias Performance Bias Attrition Bias Reporting Bias
Random
sequence
generation

Allocation
concealment Blinding of participant

Blinding of
outcome
assessment

Selective reporting

1 Edvardsen E ✖ ✔ ✔ ✖ ✖
2 Zambom-Ferraresi F ✔ ✔ ? ✖ ✖
3 Vonbank K ✔ ✔ ? ✖ ✖
4 Silva e Silva CM ✔ ✔ ? ? ✖

In  contrast  to  this,  Lepsen  et  al.  reported  insignificant
findings  for  the  impact  of  resistance  training  on  quality  of
life. Moreover, other publications also reported mean inspira-
tory  and  expiratory  pressures,  maximal  heart,  clinical
impact,  muscle  strengths  and  bioelectrical  impedance.
However,  due to  inconsistent  result  for  these  outcomes,
meta-analysis could not be performed. 

Analysis  for  the risk of  bias across the studies for  FEV1
reveals moderately low risk of bias with 46.67%. Similarly,
risk of bias across the studies for 6 minute walk test is found
low with 30% that supports the consistency of the study.

In addition to this, limitations within the studies include the
small sample size; and methodological limitations, such as
low response rate for the quality of  life questionnaire.  A
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study  also  reported  the  limitation  for  the  blinding  of
outcome assessor in the late phase of trial.          

CONCLUSION

Resistance  exercises  behold  highly  effective  impact  in
increasing the functional exercise capacity, while mild effect
on expiratory function (FEV1) among COPD patients. There-
fore,  more  studies  should  be  conducted  with  multiple
outcome measures to further clarify the impact of exercise
among COPD patients.
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