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Objective To determine effects of different modes of upper limb training on dyspnea and quality of life of
individuals with chronic obstructive pulmonary disease (COPD) having different disease severity.

Methods Randomized clinical trials were retrieved from five electronic databases. Risk of bias and quality of
evidence were assessed using the Cochrane Collaboration’s tool and the GRADE approach, respectively. Effects of
upper limb training compared to control were identified using standardized mean difference and 95% confidence
interval.

Results Fifteen studies with 514 subjects were included. When compared to control, upper limb endurance and
strength training with moderate quality of evidence resulted in significant improvement in dyspnea. However,
quality of life was not significantly different between upper limb training of all modes of and the control. The
upper limb training was more effective in reducing dyspnea in patients with severe COPD than in those with mild
to moderate levels of COPD. Although quality of life was slightly improved by upper limb training for those with
moderate or severe level of COPD, such improvement did not reach a significant level when compared to the
control.

Conclusion Upper limb endurance and strength training could significantly improve dyspnea in individuals with
chronic obstructive pulmonary disease. Thus, incorporating the upper limb training into pulmonary rehabilitation
is recommended to reduce dyspnea, especially for those with severe patients. Further studies with larger sample
size and standardized training protocol are needed to confirm these finding (Registration No. CRD42018102805).
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Modes of Upper Limb Training in Individuals With COPD

INTRODUCTION

Individuals with chronic obstructive pulmonary dis-
ease (COPD) experience a whole host of symptoms and
activity limitations, including dyspnea, fatigue, exercise
intolerance, and poor quality of life (QoL) [1,2]. Upper
limb (UL) activities during activities of daily living (ADLs)
often exacerbate dyspnea much sooner than lower limb
(LL) activities [3]. To avoid dyspnea, individuals with
COPD have to limit their UL activities [3]. Over time,
overall reduction in UL activity can lead to UL muscle
fatigue and exercise intolerance [4,5]. As individuals with
COPD perform less UL activities, their poor UL muscle
adaption can exacerbate dyspnea and fatigue [4]. The vi-
cious cycle of activity limitation, muscle maladaptation,
and dyspnea eventually results in poor QoL of individu-
als with COPD [4,6].

Although UL training has been recommended as an
essential component of a pulmonary rehabilitation pro-
gram, the effect of each mode of UL training on clinical
outcomes relevant to individuals with COPD remains
inconclusive [7-12]. UL endurance training (ULE) has
been recommended to improve UL activity tolerance and
endurance [7]. UL strength training (ULS) can increase
UL muscle force in individuals with poor UL strength [8]
and function [9]. Previously, four systematic reviews have
summarized effects of UL training in individuals with
COPD, highlighting controversies about beneficial ef-
fects of UL training on dyspnea, UL fatigue, UL function,
UL exercise capacity, and QoL [10-13]. These conflicting
results could not provide clinicians with a clear guideline
for clinical decision-making. Moreover, only one review
[13] has primarily identified the effect of different modes
of UL training in individuals with COPD. McKeough et al.
[13] have found that ULE can only lead to significantly
greater improvement in UL endurance capacity than the
control group. However, both ULE and ULS failed to show
significantly greater improvement in dyspnea and QoL
than the control. These non-significant results may be at-
tributable to insufficient number of studies and sample
size included in their meta-analysis [13]. Additionally,
the quality of evidence was not systematically graded
when the mode of exercise was analyzed separately. As
a result, the level of confidence on the effect of UL train-
ing might have been overestimated. Therefore, further
investigation related to the effect of different modes of UL

training is warranted.

After the previous systematic review was published,
several new studies related to UL training in individuals
with COPD have been published. These additional stud-
ies provide us with a unique opportunity to update and
strengthen the current evidence on the effect of different
modes of UL training in individuals with COPD. Thus, the
primary purpose of this study was to determine effects
of different modes of UL training on dyspnea and QoL as
primary outcomes in individuals with COPD. Second-
ary outcomes including UL fatigue, UL function, and UL
exercise tolerance also have a significant impact on ADLs
and prognosis of individuals with COPD [4,14]. Thus, ef-
fects of different modes of UL training on ULE, ULS, and
combined endurance and strength training (ULC) were
also analyzed. The second purpose of this study was to
determine effects of UL training on patients with differ-
ent disease severiteis by subroup analysis according to
forced expiratory volume in one second (FEV,) value. The
quality of evidence specific to each mode and UL training
(ULA) was systematically rated using the Grades of Rec-
ommendation, Assessment, Development, and Evalua-
tion (GRADE) approach to provide the most transparent
results and their clinical utility.

MATERIALS AND METHODS

The methodology for this review was based on the
Preferred Reporting Items for Systematic Review and
Meta-analysis (PRISMA) statement [15]. This study was
registered with the International Prospective Register
of Systematic Reviews (PROSPERO; Registration No.
CRD42018102805).

Eligibility criteria

Eligibility criteria of studies to be included in this re-
search were as follows: (1) population, individuals with
stable COPD of any age, disease severity, and being treat-
ed in any clinical settings; (2) study design, randomized
controlled or clinical trials (RCTs) investigating effects of
UL training compared to control conditions of no train-
ing, LL training, or other types of exercise; (3) outcomes,
primary outcomes of interest were dyspnea and QOL
using subjective scores (e.g., modified Borg Scale, total
scores of QoL questionnaires) and secondary outcomes
were UL fatigue, UL function, and UL exercise tolerance
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using either subjective or objective scores (e.g., rating
of perceived exertion scale, a total amount of time spent
on UL activities); (4) intervention, ULE, ULS, and ULC
were primary interventions. They were performed two to
three times a week for a minimum of 16 sessions [9]. The
classification of modes of UL training was based on ex-
ercise characteristics as clearly described by McKeough
et al. [13]. ULE was defined as exercise aimed to improve
aerobic capacity. ULE was further subdivided according
to whether arms were supported (i.e., arm cycle ergome-
try) or unsupported (i.e., lifting free weights or weighted
dowel). ULS was defined as an exercise modality that
involved the application of external resistance to improve
muscle strength such as exercise using weight machines
and dumbbells. ULC was defined as a combination of
ULE and ULS.

Studies were excluded if they included individuals with
other respiratory diseases, if they were published in any
language other than English, or if their publications were
available in other forms such as books and conference
proceedings.

Search strategy

Literature search was performed electronically through
MEDLINE, ScienceDirect, Scopus, CINAHL, and Co-
chrane Library from the inception to December 11, 2018.
Search terms and strategies used for all databases were as
follows: [‘COPD’ or ‘chronic obstructive pulmonary dis-
ease’ or ‘chronic obstructive airway disease’ or ‘chronic
obstructive lung disease’] and [‘upper limb’ or ‘upper ex-
tremity’ or ‘shoulder’ or ‘arm’] and [‘exercise’ or ‘training’
or ‘movement’ or ‘pulmonary rehabilitation’].

Study selection

Two investigators (CK and NU) independently applied
the eligibility criteria to assess titles and abstracts and
identify full texts of studies to be included. A third investi-
gator (AT) was consulted to resolve discrepancy observed
between the two investigators.

Data collection process

Two investigators (CK and NU) independently extracted
aggregated data from each study using a data extraction
form based on the Cochrane guidelines. Data obtained
by the two authors were reviewed for completeness and
compared for consistency. Any inconsistency in the data
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was discussed and resolved through consultation with a
third investigator (AT). Data were extracted from all in-
cluded studies without requesting for more information
from the original studies.

Risk of bias assessment

The Cochrane Collaboration’s tool [16] was used to as-
sess the risk of bias of included studies. Seven risks of
bias (random sequence generation, allocation conceal-
ment, selective reporting, blinding of participants and
personnel, blinding of outcome assessment, incomplete
outcome data, and other bias) were assessed. One of
three rating categories (low, high, or unclear risk of bias)
was assigned to each criterion. A study having four or
more high or unclear risk was categorized as high risk of
bias. Otherwise, it was classified as low risk of bias. Re-
sults of risk of bias assessment by the two investigators
(CK and NU) were compared for consistency and a third
investigator (AT) was consulted to resolve any discrep-
ancy.

Quality of evidence assessment

The GRADE approach was used to evaluate quality of
evidence and provide recommendation strength of each
outcome [17]. Quality of the evidence was categorized
into high, moderate, low, and very low levels of qual-
ity. Initially, all outcomes were considered high-quality
evidence. They were downgraded based on the accu-
mulation of the following: (1) limitations of study design
(>25% of subjects from studies with high risk of bias); (2)
heterogeneity among studies (I°>50% or only one study
was available); (3) indirectness (the existence of indirect-
ness of participants, interventions, outcome measures,
or comparison of the study); (4) imprecision of treatment
effects (<400 subjects); and (5) publication bias across
studies (presence of an asymmetry funnel plot) [17,18].

Data analysis

Data analyses were performed using Review Manager
(RevMan 5.3). For primary objective, data analyses were
performed based on the mode of UL training. For sec-
ondary objective, data subgroup analyses were carried
out according to patient severity. In this study, included
studies were divided by patient severity according to
GOLD classification of the severity of COPD by using the
percentage of predicted FEV, or FEV, in liters [19]. Ef-
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fects of the intervention compared to the control were
assessed using standardized mean difference (SMD) and
95% confidence interval (CI). Based on Cohen’s clas-
sification of effect size (Cohen’s d), SMD of 0.2, 0.5, and
0.8 represented small, medium, and large effect sizes,
respectively [20]. Heterogeneity across studies was evalu-
ated by using I” statistics [21]. A fixed- or random-effect
model of meta-analysis was used when the heterogeneity
was low (I°<50%) or high (I°>50%), respectively [21].

RESULTS

Study selection and characteristics

The initial search identified a total of 1,422 articles.
After screening for duplications, titles, and abstracts,
1,201 articles were eliminated. Of 221 remaining articles,
15 RCTs met the criteria and were included in the meta-
analysis (Fig. 1). Characteristics and results of each RCT
are summarized in Table 1.

The total number of subjects included in this study
was 514. Twelve studies reported no between-group dif-
ferences in subject characteristics [22-33]. One study
reported significantly lower mean body weight in the UL
training group than that in the control group [34]. Two

Articles identified through
5 databases searching
(n=1,422)

studies did not report statistical differences in subject
characteristics. Their data appeared to be within the
same range between groups [35,36].

According to the GOLD classification of the severity of
COPD, included studies were divided as follows: (1) nine
studies had individuals with severe COPD [22-29,34], (2)
four studies had individuals with moderate COPD [30-33],
and (3) two studies [35,36] did not describe the percent-
age of the predicted FEV, (Table 1).

Characteristics of interventions

Eight of 15 included studies investigated the effect of
ULE [22-25,28,30,34,35].The predominant unsupported
exercises consisted of modified proprioceptive neuro-
muscular facilitation (PNF) [22,24], weight dowel lifts
[25,34], and exercise with arm above the head at low
resistance high repetition (e.g., throwing a ball and pass-
ing a beanbag) [23,28,35]. The supported ULE training
utilized arm cycle ergometry [23,30]. For ULS training,
free-weight [22,26,27,29,32,33,36] and weight machines
[30,31] were used to target the major UL muscles involved
in respiration and UL functions. Only one study that in-
vestigated the effect of ULC training included UL crank
ergometry, unsupported UL training, and weight training

A 4

Duplicates removed
(n=59)

Articles screened for title
and abstract (n=1,363)

y

Excluded based on the titles

and abstracts
(n=1,142)

Potentially relevant articles
identified and screened
(n=221)

v
Full-text articles identified as

meeting inclusion criteria
(n=15)

Studies included

Reason for exclusion (n=206)

- Other diseases (n=7)

- Other languages (n=4)

- Other outcomes (n=1)

- UL training program less than
16 sessions (n=6)

- Other interventions (n=88)

- Non-RCTs (n=67)

- Control group not satisfying
inclusion criteria (n=3)

A 4 - Unable to obtain full-text

(n=30)

in meta-analysis
(n=15)
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Fig. 1. Search strategy and flow
diagram of article screening pro-
cess.
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Modes of Upper Limb Training in Individuals With COPD

[30].

ULE training was performed for 15-40 minutes per
session. Its training frequency varied from 3 to 7 days
per week for 4-8 weeks (Table 1). ULS training ranged
from 15-60 minutes per session. Its training frequency
varied from 3 to 7 days per week for 3-16 weeks (Table 1).
ULC was performed approximately 20 minutes per ses-
sion, 3 sessions per week for 8 weeks (Table 1). UL ex-
ercise progression was done by increasing resistance
[22,24-27,29-32,34,35], the number of repetitions per set
[22,27,32,35], the number of sets per session [22,24,29-32],
and maintaining the perceived exertion rating of 12 to 14
[25,31,35,36] or dyspnea scores of three on the Borg scale
[25,30]. Three studies did not specify the exercise progres-
sion method [23,28,33]. A few studies reported that ULE
and ULS were safe [22,29], practical [22,29,31,32], and
cost-effective [22]. Excellent patient’s compliance and
adherence to the program were observed [22,23,29,31,32].
Four patients reported adverse events such as back pain,
muscle soreness, tendinitis of the elbow, and exacerba-
tion of an old shoulder injury associated with ULS train-
ing [22,31].

In the included studies, the sensation of dyspnea was
measured using a variety of scale including the breath-
lessness and fatigue scale (BFS) [24], modified Borg scale
[22,25-27,29,30,32,36], and modified Medical Research
Council dyspnea (mMRC) scale [33]. QoL-related out-
come was measured using total score of Chronic Re-
spiratory Disease Questionnaire (CRQ) [25,29] and St.
George’s Respiratory Questionnaire (SGRQ) [30,33]. For
secondary outcomes, UL fatigue related outcome mea-
sures were BFS [24], modified Borg scale [22,27,29,32],
and rating of perceived exertion (RPE) scale [25,30]. UL
function related outcome measures included ADL simu-
lation test [22,32], ADL field test [27], and upper-body
functional performance test (UB-FPT) [31]. Lastly, UL
exercise tolerance related measures were unsupported
UL exercise capacity test [22], arm ergometer test [23,32],
6-minute pegboard and ring test (6-PBRT) [24], unsup-
ported arm exercise test (UAEX) [34], unsupported upper
limb exercise test (UULEX) [25,28-30,35], and 6-minute
ring test (6-MRT) [27]. The wide variety of outcome mea-
sures among included studies required the use of SMD to
summary results.

Risk of bias across studies

Of 15 studies, 10 (67%) [23-25,27,29-34] and 5 (33%)
studies [22,26,28,35,36] were classified as having low
and high risk of bias, respectively (Fig. 2). Eleven stud-
ies (73%) had a high or unclear risk of bias due to non-
blinding of subjects and research personnel [22,23,26-
28,30-32,34-36]. Outcome assessors were blinded to the
intervention group in 8 (53%) studies [25,27,29-34]. Allo-
cation concealment was not described in 8 (53%) studies
[22,23,25,26,28,34-36].

Analysis of results

The effect of each mode of UL training (ULE, ULS, ULC)
and all UL training (ULA) was compared to the control
group. Quality of evidence is summarized in Tables 2-5.
The quality of evidence was very low to moderate for all

Bauldoff 1996
Calik-Kutukcu 2017
Costi 2009

Covey 2012
Epstein 1997
Gadesha 2015
Holland 2004
Janaudis-Ferreira 2011
Lake 1990

Marrara 2008
McKeough 2012
Rekha 2016

Ries 1988

Silva 2018

Subin 2010

@O0 OO0 d ® ® @ ® @ Seclctive reporting (reporting bias)

®O0®O OO O ® ® @ ® ®| Incomplete outcome data (attrition bias)
0 @O SO @O ® ® @ @O therbias

RO ORIR IO I® |0 ® @ ® @ Blinding of participants and personnel (performance bias)
POIPR OO ®® 01 @ ® ® ® d|Blinding of outcome assessment (detection bias)

® O OO OO ® e e e e e ® ® ® Randomsequence generation (selection bias)
RO®|IP0 O RI® R0 R ® ® @ @ Alocaton concealment (selection bias)

Fig. 2. The risk of bias assessment of included studies by
the Cochrane Collaboration’s tool.
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Table 2. Summary of findings for the effectiveness of ULE training in individuals with COPD

Illustrative mean (95% CI) No. of Quality of
Outcomes participants the evidence Comments
Control group ULE group (studies) (GRADE)
Dyspnea Mean dyspnea ranged SMD dyspnea in the 107 SDD0O Significant
across control group ULE group was -0.56 (5RCTs) Moderate*
from 2.00-16.40 units units (-0.95 to -0.16)
Quality of life by =~ Mean CRQ score was SMD CRQ score in the 38 00 Not
using CRQ 98.95 units ULE group was 0.18 (1RCT) Low™* significant
units (-0.47 to 0.82)
Quality of lifeby =~ Mean SGRQ score was SMD SGRQ score in the 18 epOO Not
using SGRQ 35 units ULE group was 0.12 (1RCT) Low™* significant
units (-0.81 to 1.05)
UL fatigue Mean UL fatigue ranged ~ SMD UL fatigue in the 95 SDD0O Significant
across control group ULE group was -0.41 (4 RCTs) Moderate*
from 2.40-15.90 units units (-0.83 to -0.00)
UL function Mean UL function was SMD UL function inthe 19 ©000 Significant
548 units ULE group was 1.01 (1RCT) Very low"**
units (0.03 to 1.99)
UL exercise Mean UL exercise SMD UL exercise 184 @000 Significant
tolerance tolerance ranged across  tolerance in the ULE (8 RCTs) Very low"**

control group from group was 0.78 units
10.20-480.27 units (0.16 to 1.40)

ULE, upper limb endurance training; COPD, chronic obstructive pulmonary disease; CI, confidence interval; GRADE,
Grades of Recommendation, Assessment, Development, and Evaluation; SMD, standardized mean difference; RCT,
randomized clinical trial; CRQ, Chronic Respiratory Disease Questionnaire; SGRQ, St. George’s Respiratory Question-
naire; UL, upper limb.

The risk in the intervention group (and 95% CI) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and 95% CI).

GRADE Working Group grades of evidence: High quality: We are very confident that the true effect lies close to that of
the estimate of the effect. Moderate quality (We are moderately confident in the effect estimate: The true effect is likely
to be close to the estimate of the effect, but there is a possibility that it is substantially different), Low quality (Our con-
fidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the effect),
Very low quality (We have very little confidence in the effect estimate: The true effect is likely to be substantially differ-
ent from the estimate of effect).

'Limitations of study design (>25% of the participants were from studies with a high risk of bias); *Inconsistency (I >
50% or only one RCT was available); *Indirectness (e.g., existence of indirect of interventions or outcome measure-
ment); ‘Imprecision (<400 participants were included); *Publication bias (asymmetry of funnel plot was present).

five outcomes due to limitations of study design, hetero-
geneity across studies, and imprecision.

Effect of UL training on dyspnea

Effect of UL training on dyspnea by comparing each
mode of UL training to control condition is summarized
in Fig. 3A. Five studies compared the effect of ULE on
dyspnea to the control [22-25,30]. The quality of evidence
was moderate (Table 2). ULE demonstrated a signifi-
cantly greater improvement in dyspnea than the control
(SMD=-0.56; 95% CI, -0.95 to -0.16; p=0.006).

602 Www.e-arm.org

Eight studies compared the effect of ULS on dyspnea to
the control [22,26,27,29,30,32,33,36]. There was a mod-
erate-quality evidence of significant difference (SMD=-
0.36; 95% CI, -0.61 to -0.11; p=0.004) in dyspnea between
groups, favoring the ULS (Table 3).

Only one study investigated the effect of ULC on dys-
pnea [30]. There was a trend of significant difference in
dyspnea between groups (SMD=-1.05; 95% CI, -2.15 to
0.06; p=0.06), favoring the ULC. However, the quality of
evidence was low (Table 4).

When all modes of UL training (14 RCTs) were analyzed
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Table 3. Summary of findings for the effectiveness of ULS training in individuals with COPD

Illustrative mean (95% CI) No. of Quality of
Outcomes participants the evidence Comments
Control group ULS group (studies) (GRADE)
Dyspnea Mean dyspnea ranged SMD dyspnea in the 259 DeD0 Significant
across control group ULS group was -0.36 (8 RCTs) Moderate"
from 1.10-3.60 units units (-0.61 to -0.11)
Quality of life by Mean CRQ score was SMD CRQ score in the 36 DdDOO Not
using CRQ 5.30 units ULE group was 0.15 (1RCT) Low™* significant
units (-0.51 to 0.80)
Quality of life by Mean SGRQ score ranged  SMD SGRQ score in the 67 SBp0O Not
using SGRQ across control group ULS group was (2RCTs) Moderate* significant
from 27.40-35.00 units -0.44 units (-0.92 to 0.05)
UL fatigue Mean UL fatigue ranged SMD UL fatigue in the 164 DeDO Not
across control group ULS group was (5RCTs) Moderate' significant
from 1.60-6.60 units -0.22 units (-0.53 to 0.09)
UL function Mean UL function ranged =~ SMD UL function in the 176 S 7100 Not
across control group ULS group was 0.39 (4 RCTs) Low™* significant
from 6.32-548.00 units units (-0.10 to 0.87)
UL exercise toler- Mean UL exercise SMD UL exercise 164 SDDO Significant
ance tolerance ranged across tolerance in the ULS (5 RCTs) Moderate*

control group from 10.20-  group was 0.55 units
566.00 units (0.23 t0 0.86)

ULS, upper limb strength training; COPD, chronic obstructive pulmonary disease; CI, confidence interval; GRADE,
Grades of Recommendation, Assessment, Development, and Evaluation; SMD, standardized mean difference; RCT,
randomized clinical trial; CRQ, Chronic Respiratory Disease Questionnaire; SGRQ, St. George’s Respiratory Question-
naire; UL, upper limb.

The risk in the intervention group (and 95% CI) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and 95% CI).

GRADE Working Group grades of evidence: High quality (We are very confident that the true effect lies close to that
of the estimate of the effect), Moderate quality (We are moderately confident in the effect estimate: The true effect is
likely to be close to the estimate of the effect, but there is a possibility that it is substantially different), Low quality (Our
confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the ef-
fect), Very low quality (We have very little confidence in the effect estimate: The true effect is likely to be substantially
different from the estimate of effect).

'Limitations of study design (>25% of the participants were from studies with a high risk of bias); *Inconsistency (I >
50% or only one RCT was available); *Indirectness (e.g., existence of indirect of interventions or outcome measure-
ment); ‘Imprecision (<400 participants were included); *Publication bias (asymmetry of funnel plot was present).

together to determine the effect of ULA on dyspnea, the
quality of evidence was moderate (Table 5). ULA demon-
strated a significantly greater improvement in dyspnea
than the control (SMD=-0.44; 95% CI, -0.64 to -0.23;
p<0.001). When data were analyzed based on disease se-
verity, ULA demonstrated a significantly greater improve-
ment in dyspnea in patients with severe COPD than the
control (SMD=-0.54; 95% CI, -0.82 to -0.25; p<0.001) (Fig.
3B).

Effect of UL training on QoL

The quality of evidence of effect of UL training on
QoL compared to the control is summarized in Tables
2-5. One study examined the effect of ULE [25] and ULS
[29] on QoL by using CRQ. There was low-quality evi-
dence of no significant difference in CRQ score in both
ULE (SMD=0.18; 95% CI, -0.47 to 0.82; p=0.59) and ULS
(SMD=0.15; 95% CI, -0.51 to 0.80; p=0.66) compared to
the control (Fig. 4A).

Two studies used SGRQ to assess QoL [30,33]. Only
one study compared the effect of ULE on QoL using the

WWW.e-arm.org
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Table 4. Summary of findings for the effectiveness of ULC training in individuals with COPD

Illustrative mean (95% CI) No. of Quality of
Outcomes participants the evidence Comments
Control group ULC group (studies) (GRADE)
Dyspnea Mean dyspnea was SMD dyspnea in the 15 ®&d00  Not
3.60 units ULC group was -1.05 (1RCT) Low™* significant
units (-2.15 to 0.06)
UL fatigue Mean UL fatigue was SMD UL fatigue in the 15 GDOO  Significant
6.60 units ULC group was -1.18 (1RCT) Low™*
units (-2.31 to -0.06)
UL exercise Mean UL exercise SMD UL exercise tolerance 15 SDdOO Not
tolerance tolerance was in the ULC group was (1RCT) Low™* significant

10.20 units 0.04 units (-0.97 to 1.05)

ULC, combined upper limb endurance and strength training; COPD, chronic obstructive pulmonary disease; CI, con-
fidence interval; GRADE, Grades of Recommendation, Assessment, Development, and Evaluation; SMD, standardized
mean difference; RCT, randomized clinical trial; CRQ, Chronic Respiratory Disease Questionnaire; SGRQ, St. George’s
Respiratory Questionnaire; UL, upper limb.

The risk in the intervention group (and 95% CI) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and 95% CI).

GRADE Working Group grades of evidence: High quality (We are very confident that the true effect lies close to that
of the estimate of the effect), Moderate quality (We are moderately confident in the effect estimate: The true effect is
likely to be close to the estimate of the effect, but there is a possibility that it is substantially different), Low quality (Our
confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the ef-
fect), Very low quality (We have very little confidence in the effect estimate: The true effect is likely to be substantially
different from the estimate of effect).

'Limitations of study design (>25% of the participants were from studies with a high risk of bias); *Inconsistency (I* >
50% or only one RCT was available); *Indirectness (e.g., existence of indirect of interventions or outcome measure-

ment); ‘Imprecision (<400 participants were included); *Publication bias (asymmetry of funnel plot was present).

SGRQ score to the control [30]. There was a low-quality
evidence of a non-significant difference (SMD=0.12; 95%
CI, -0.81 to 1.05; p=0.79) in SGRQ score between groups
(Fig. 5A). Two studies compared the effect of ULS on
SGRQ score to the control. The quality of evidence was
moderate [30,33]. There was a trend of significant differ-
ence between groups (SMD=-0.44; 95% CI, -0.92 to 0.05;
p=0.08) in SGRQ score, favoring the ULS (Fig. 5A).

When all modes of UL training were analyzed together
to determine the effect of ULA on CRQ score and SGRQ
score, the quality of evidence was moderate (Table 5).
There was no significant difference between ULA and the
control in CRQ (SMD=0.16; 95% CI, -0.30 to 0.62; p=0.49)
(Fig. 4A) or SGRQ score (SMD=-0.32; 95% CI, -0.75 to 0.11;
p=0.15) (Fig. 5A). Regarding subgroup analysis by patient
severity, there was no significant difference in CRQ score
between ULA training in individuals with severe COPD
and the control (SMD=0.16; 95% CI, -0.30 to 0.62; p=0.49)
(Fig. 4B). Similarly, individuals with moderate COPD
showed no significant difference in SGRQ score between
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ULA and control groups (SMD=-0.33; 95% CI, -0.79 to
0.13; p=0.16) (Fig. 5B). For the effect of ULC on QoL, me-
ta-analysis was not conducted due to insufficient data.

Effect of UL training on UL fatigue

Effect of UL training on UL fatigue is presented in Fig. 6.
Four RCTs compared the effect of ULE on UL fatigue to
the control [22,24,25,30]. The quality of evidence was
moderate (Table 2). ULE group demonstrated a signifi-
cantly greater improvement in UL fatigue than the control
group (SMD=-0.41; 95% CI, -0.83 to -0.00; p=0.05).

Five RCTs compared effect of ULS on UL fatigue to the
control [22,27,29,30,32]. There was moderate-quality evi-
dence of no significant difference in UL fatigue between
groups (SMD=-0.22; 95% CI, -0.53 to 0.09; p=0.17) (Table 3).

Only one study compared the effect of ULC on UL fa-
tigue to the control [30]. There was low-quality evidence
of a significant difference (SMD=-1.18; 95% CI, -2.31 to
-0.06; p=0.04) in UL fatigue between ULC training and
control groups, favoring the ULC (Table 4).
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Table 5. Summary of findings for the effectiveness of UL training in individuals with COPD

Illustrative mean (95% CI) No. of Quality of
Outcomes . participants the evidence Comments
Control group UL training group (studies) (GRADE)
Dyspnea Mean dyspnea ranged SMD dyspnea in the UL 381 Sd00 Significant
across control group training group was -0.44 (14 RCTs) Moderate*
from 1.10-16.40 units units (-0.64 to -0.23)
Quality of lifeby =~ Mean CRQ score ranged  SMD CRQ score in the UL 74 SDDO Not
using CRQ across control group training group was 0.16 (2RCTs) Moderate'  significant
from 5.30-98.95 scores scores (-0.30 to 0.62)
Quality of life by =~ Mean SGRQ score ranged SMD SGRQ score in the 85 SepO Not
using SGRQ across control group UL training group was (3RCTs) Moderate'  significant
from 27.40-35.00 units -0.32 units (-0.75 to 0.11)
UL fatigue Mean UL fatigue ranged =~ SMD UL fatigue in the UL 274 DODO Significant
across control group training group was -0.33 (10 RCTs) Moderate"
from 1.60-15.90 units units (-0.57 to -0.09)
UL function Mean UL function ranged SMD UL function in the 195 S>57]@) Significant
across control group UL training group was (5RCTs) Low™*
from 6.32-548.00 units 0.47 units (0.03 to 0.92)
UL exercise toler- Mean UL exercise toler- SMD UL exercise toler- 363 SO000 Significant
ance ance ranged across ance in the UL training (14 RCTs) Very low"**

control group from group was 0.60 units
10.20-566.00 units (0.26 to 0.94)

UL, upper limb; COPD, chronic obstructive pulmonary disease; CI, confidence interval; GRADE, Grades of Recom-
mendation, Assessment, Development, and Evaluation; SMD, standardized mean difference; RCT, randomized clini-
cal trial; CRQ, Chronic Respiratory Disease Questionnaire; SGRQ, St. George’s Respiratory Questionnaire.

The risk in the intervention group (and 95% CI) is based on the assumed risk in the comparison group and the relative
effect of the intervention (and 95% CI).

GRADE Working Group grades of evidence: High quality (We are very confident that the true effect lies close to that
of the estimate of the effect), Moderate quality (We are moderately confident in the effect estimate: The true effect is
likely to be close to the estimate of the effect, but there is a possibility that it is substantially different), Low quality (Our
confidence in the effect estimate is limited: The true effect may be substantially different from the estimate of the ef-
fect), Very low quality (We have very little confidence in the effect estimate: The true effect is likely to be substantially
different from the estimate of effect).

'Limitations of study design (>25% of the participants were from studies with a high risk of bias); *Inconsistency (I >
50% or only one RCT was available); *Indirectness (e.g., existence of indirect of interventions or outcome measure-
ment); ‘Imprecision (<400 participants were included); *Publication bias (asymmetry of funnel plot was present).

When all modes of UL training were combined (10
RCTs) to identify the effect of ULA on UL fatigue, the
quality of evidence was moderate (Table 5). A significant
between-group difference (SMD=-0.33; 95% CI, -0.57 to
-0.09; p=0.008) in UL fatigue, favoring the ULA, was ob-
served.

Effect of UL training on UL function

Fig. 7 summarizes the effect of UL training on UL func-
tion. Only one study compared the effect of ULE on UL
function to the control [22]. The ULE group demonstrat-
ed a significant improvement in UL function than the

control group (SMD=1.01; 95% CI, 0.03 to 1.99; p=0.04).
However, the quality of evidence was very low (Table 2).

Four studies compared the effect of ULS on UL function
to that of the control [22,27,31,32]. There was low-quality
evidence of no significant difference (SMD=0.39; 95%
CI, -0.10 to 0.87; p=0.12) in UL function between the two
groups (Table 3).

Five RCTs compared effects of ULA on UL function. The
quality of evidence was low (Table 5). The ULA demon-
strated a significant greater improvement (SMD=0.47;
95% CI, 0.03 to 0.92; p=0.04) in UL function than the con-
trol.
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®

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95% CI  Year 1V, fixed, 95% CI
1.1.1 UL endurance training
Ries 1988 110 1.20 8 20 160 11 4.8% -0.59 (-1.53,0.34) 1988 —
Lake 1990 3.50 0.40 5 40 0.10 7 21% -1.74 (-3.17, -0.32) 1990 e
Bauldoff 1996 1590 150 10 164 160 10 54% -0.31(-1.19,0.57) 1996 e
Holland 2004 287 158 22 40 196 16 9.7% -0.63(-1.29, 0.03) 2004 ——
McKeough 2012 330 180 10 36 210 8 49% -0.15(-1.08,0.78) 2012 —_—
Subtotal (95% Cl) | , 95 52 26.9% -0.56 (-0.95, -0.16) <
Heterogeneity: Chi"=3.75, df=4 (p=0.44); I'=0%
Test for overall effect: Z=2.76 (p=0.006)
1.1.2 UL strength training
Ries 1988 1.80 0.90 9 20 160 1M 54% -0.14 (-1.03,0.74) 1988 —T
Marrara 2008 1.80 2.10 8 30 270 6 3.6% -0.47 (-1.55,0.60) 2008 —
Costi 2009 172 113 25 266 185 25 13.1% -0.60(-1.17,-0.04) 2009 —
Janaudis-Ferreira 2011 0.80 100 17 1.1 080 19 9.7% -0.33 (-0.99, 0.33) 2011 —r
McKeough 2012 340 1.90 8 36 210 8 4.4% -0.09(-1.08, 0.89) 2012 e
Rekha 2016 197 1157 15 25 1296 15 8.1% -0.42(-1.14,0.30) 2016 —
Calik-Kutukcu 2017 3.02 187 21 323 298 21 11.6% -0.08(-0.69,0.52) 2017 —
Silva 2018 188 110 26 25 138 25 13.6% -0.49(-1.05,0.07) 2018 ——
Subtotal (95% Cl) , , 129 130 69.6% -0.36 (-0.61, -0.11) *
Heterogeneity: Chi"=2.31, df=7 (p=0.94); I'=0%
Test for overall effect: Z=2.86 (p=0.004)
1.1.3 Combined UL endurance and strength training
McKeough 2012 1.50 1.60 7 36 210 8 3.5% -1.05(-2.15,0.06) 2012 —
Subtotal (95% Cl) 7 8 3.5% -1.05(-2.15, 0.06) -
Heterogeneity: Not applicable
Test for overall effect: Z=1.86 (p=0.06)
Total (95% ClI) ) , 191 190 100.0% -0.44 (-0.64,0.23) ¢
Heterogeneity: Chi"=7.98, df=13 (p=0.84); I'=0% f f f !
Test for overall effect: Z=4.16 (p<0.0001) i -4 -2 0 2 4
Test for subgroup differences: Chi"=1.91, df=2 (p=0.38); 1'=0% Favours Favours

[UL training] [control]

Fig. 3. Forest plot showing difference in dyspnea by comparing modes of upper limb (UL) training with control condi-

tion (A) and by patient severity (B).

Effect of UL training on UL exercise tolerance

Fig. 8 summarizes the effect of UL training on UL exer-
cise tolerance. Eight RCTs compared the effect of ULE on
UL exercise tolerance to the control [22-25,28,30,34,35].
There was very low-quality evidence of a significant dif-
ference (SMD=0.78; 95% CI, 0.16 to 1.40; p=0.01) in UL
exercise tolerance between ULE and control groups, fa-
voring ULE (Table 2).

Five RCTs compared effect of ULS to various control
conditions on UL exercise tolerance [22,27,29,30,32].
There was moderate-quality evidence of a significant
greater improvement (SMD=0.55; 95% CI, 0.23 to 0.86;
p<0.001) in UL exercise tolerance in the ULS group than
the control group (Table 3).

One study investigated the effect of ULC on UL exer-
cise tolerance [30]. There was low-quality evidence of no
significant difference (SMD=0.04; 95% CI, -0.97 to 1.05;
p=0.94) in UL exercise tolerance observed between ULC
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and control groups (Table 4).

Fourteen RCTs were included in the meta-analysis
to identify the effect of ULA on UL exercise tolerance.
The quality of evidence was very low (Table 5). There
was a significant difference in UL exercise tolerance be-
tween ULA and control (SMD=0.60; 95% CI, 0.26 to 0.94;
p<0.001).

DISCUSSION

The primary goal of this study was to delineate effects
of ULE, ULS, and ULC on dyspnea, QoL, UL fatigue, UL
function, and UL exercise tolerance in individuals with
COPD compared to control conditions. This systematic
review was the most updated and comprehensive one
as it systematically rated the quality of evidence specific
to each mode of UL training according to the GRADE
approach to provide transparency of recommenda-



Modes of Upper Limb Training in Individuals With COPD

Experimental Control

Std. mean difference Std. mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI

2.1.1 Severe

Bauldoff 1996 1590 150 10 16.40 1.60 10 6.0% -0.31(-1.19, 0.57) — T

Costi 2009 172 113 256 266 185 25 14.5% -0.60(-1.17,-0.04) ——

Holland 2004 287 158 22 400 196 16 10.7% -0.63(-1.29,0.03) —

Janaudis-Ferreira 2011 0.80 1.00 17 110 080 19 10.7% -0.33(-0.99,0.33) —1

Lake 1990 3.50 0.40 5 4.00 0.10 7 2.3% -1.74 (-3.17, -0.32) _—

Marrara 2008 1.80 2.10 8 3.00 270 6 4.0% -0.47 (-1.55, 0.60) R

Ries 1988 145 1.00 17 200 160 M 7.9% -0.42(-1.19, 0.35) —

Subtotal (95% Cl) | ) 104 94 56.1% -0.54(-0.82, -0.25) <

Heterogeneity: Chi'=3.62, df=6 (p=0.73); I'=0%

Test for overall effect: Z=3.64 (p=0.0003)

2.1.2 Moderate

Calik-Kutukcu 2017 3.02 187 21 323 298 21 128% -0.08(-0.69,0.52) ——

McKeough 2012 273 178 25 360 210 8 7.2% -0.46 (-1.26, 0.35) —

Silva 2018 188 110 26 250 138 25 15.0% -0.49(-1.05,0.07) ——

Subtotal (95% Cl) | ) 72 54 35.0% -0.33(-0.70,0.03) L

Heterogeneity: Chi"=1.05, df=2 (p=0.59); I'=0%

Test for overall effect: Z=1.80 (p=0.07)

2.1.3 Not stated

Rekha 2016 1.97 1157 15 250 1.296 15 8.9% -0.42(-1.14,0.30) —

Subtotal (95% CI) 15 15 8.9% -0.42(-1.14, 0.30) S ¢

Heterogeneity: Not applicable

Test for overall effect: Z=1.14 (p=0.26)

Total (95% ClI) ) ) 191 163 100.0% -0.46 (-0.67, -0.24) ¢

Heterogeneity: Chi"=5.41, df=10 (p=0.86); I'=0% ' —t —rt |

Test for overall effect: Z=4.13 (p<Q.0001) ) -2 -10 1 2

Test for subgroup differences: Chi"=0.73, df=2 (p=0.69); I'=0% Favours Favours
[UL training] [control]

Fig. 3. Continued.

tions. Our findings showed that ULE could be effective
in improving dyspnea, UL fatigue, UL function, and UL
exercise tolerance. ULS resulted in significantly greater
improvement on dyspnea and UL exercise tolerance
than the control. ULC was significantly more effective in
improving UL fatigue than the control. Therefore, ULE
deems superior to ULS and ULC in improving clinically
relevant outcomes in individuals with COPD. When all
modes of UL training were analyzed together, UL train-
ing demonstrated positive effects similar to those of ULE.
Additionally, UL training was found to be effective in
improving dyspnea in patients with severe COPD level,
but not in those with mild to moderate severity level of
COPD. Unfortunately, all modes of UL training failed to
significantly improve QoL compared to the control. Since
the quality of evidence was very low to moderate, recom-
mendation for each mode of UL training on the above
outcomes is currently conditional. Further research with
better quality of study design and larger sample size will
most likely to have a substantial impact on results and
conclusions of this study.

Our study began to substantiate the effect of each mode
of UL training on clinical outcomes relevant to individu-
als with COPD. Positive results observed in our study
were attributable to an increase in the number of RCTs
as well as the number of subjects included in our meta-
analysis compared to those used in a previous study [13].
In the present study, five additional RCTs with a total
of 223 individuals with COPD afford us with a relatively
higher statistical power, leading to significant and posi-
tive results on dyspnea, UL function, and UL exercise tol-
erance compared to the previous study [13].

ULE showed a significant effect on four of five out-
comes of interest. These effects were similar to those of
ULA when all modes of exercise were analyzed together.
As hypothesized, ULE showed its specificity of training
effect on dyspnea, UL fatigue, UL function, and UL exer-
cise tolerance in individuals with COPD. These findings
are consistent with results of a previous meta-analysis by
McKeough et al. [13], where ULE was found to be more
effective in improving unsupported UL endurance capac-
ity compared to control condition. The low-intensity and
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®

Study or Subgroup

Experimental Control

Mean SD Total Mean

SD Total Weight

Std. mean difference
IV, fixed, 95% CI

Std. mean difference

Year 1V, fixed, 95% CI

1.10.1 UL endurance training

Holland 2004 102.23 17.994 22 98.95 18.606 16 50.8% 0.18 (-0.47,0.82) 2004 ;

Subtotal (95% CI) 22 16  50.8% 0.18 (-0.47, 0.82)

Heterogeneity: Not applicable

Test for overall effect: Z=0.53 (p=0.59)

1.10.2 UL strength training

Janaudis-Ferreira 2011 5.4 0.6 17 5.3 0.7 19 49.2% 0.15(-0.51, 0.80) 2011 -

Subtotal (95% CI) 17 19  49.2% 0.15(-0.51, 0.80) ‘

Heterogeneity: Not applicable

Test for overall effect: Z=0.45 (p=0.66)

Total (95% Cl) ) ) 39 35 100.0% 0.16 (-0.30, 0.62) ?

Heterogeneity: Chi"=0.00, df=1 (p=0.95); I"=0% — ' | ' —

Test for overall effect: Z=0.69 (p=02.49) ) -4 -2 0 2 4

Test for subgroup differences: Chi"=0.00, df=1 (p=0.95); I'=0% Favours Favours
[control]  [UL training]

Experimental Control Std. mean difference Std. mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% CI 1V, fixed, 95% CI

2.6.1 Severe

Holland 2004 102.23 17994 22 9895 18.606 16 50.8% 0.18 (-0.47, 0.82) —

Janaudis-Ferreira 2011 5.4 06 17 5.3 0.7 19 49.2% 0.15(-0.51, 0.80) —

Subtotal (95% Cl) , , 39 35 100.0% 0.16 (-0.30, 0.62)

Heterogeneity: Chi"=0.00, df=1 (p=0.95); I"=0%

Test for overall effect: Z=0.69 (p=0.49)

Total (95% ClI) 39 35 100.0% 0.16 (-0.30, 0.62)

Heterogeneity: Chi’=0.00, df=1 (p=0.95); I’=0%
Test for overall effect: Z=0.69 (p=0.49)
Test for subgroup differences: Not applicable

-2 -1 0 1 2
Favours Favours
[control] [UL training]

Fig. 4. Forest plot showing difference in quality of life from Chronic Respiratory Disease Questionnaire (CRQ) score by
comparing modes of upper limb (UL) training with control condition (A) and by patient severity (B).

long-duration characteristics of ULE are similar to those
of UL functional activities and ADLs. Adaptations associ-
ated with endurance training such an increase in type I
fibers [37,38], oxidative enzyme activity [39], mitochon-
dria density [37,38], and capillary within muscles [37,38]
might have contributed to an increase in UL muscle en-
durance and function during ADLs. ULE has also been
shown to be able to improve endurance capacity of respi-
ratory muscles and coordination between muscles of the
chest wall and the UL, leading to a reduction in respira-
tory load and dyspnea during UL activities [12]. Increased
UL muscle capacity after ULE was also significantly asso-
ciated with a decrease in symptom of fatigue [37]. These
results support the effect of ULE on these outcomes.

In our study, ULS demonstrated a significant effect on
dyspnea and UL exercise tolerance in individuals with
COPD compared to the control. These new findings
were in contrast with the non-significant effect of ULS
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in improving dyspnea noted in a previously systematic
review [13]. Such discrepancy is most likely due to ad-
ditional RCTs and number of subjects included in our
meta-analysis. ULS has been shown to be able to improve
strength of inspiratory accessory muscles [32,34] that can
promote subjects’ participation during breathing, lead-
ing to an increase in ventilatory capacity and a decrease
in respiratory demand on the diaphragm [34]. As a result,
the sensation of dyspnea decreased [26,32,34]. Unexpect-
edly, results also revealed positive effect of ULS on UL
endurance. This might be explained by reducing the load
imposed on the muscles relative to its force generation
capacity [11,32]. Enhanced oxygen transport system asso-
ciated with muscle adaptation to strength training [11,40]
might have led to greater improvement in force genera-
tion, endurance, and exercise capacity of UL muscles
[11,32,40]. Taken together, these results support the effect
of ULS on dyspnea and UL exercise tolerance.



Modes of Upper Limb Training in Individuals With COPD

®

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% ClI 1V, fixed, 95% CI
1.11.1 UL endurance training
McKeough 2012 37.0 14 10 35 17.0 8 21.4% 0.12(-0.81, 1.05) —
Subtotal (95% ClI) 10 8 21.4% 0.12(-0.81, 1.05) ‘
Heterogeneity: Not applicable
Test for overall effect: Z=0.26 (p=0.79)
1.11.2 UL strength training
McKeough 2012 30.0 9 8 35 17.0 8 18.9% -0.35(-1.34,0.64) —1
Silva 2018 21.6 12 26 274 12.6 25 59.7% -0.46 (-1.02, 0.09) -
Subtotal (95% Cl) | ) 34 33 78.6% -0.44(-0.92, 0.05) L
Heterogeneity: Chi"=0.04, df=1 (p=0.84); I'=0%
Test for overall effect: Z=1.76 (p=0.08)
Total (95% Cl) 44 41 100.0% -0.32(-0.75,0.11) 0‘

Heterogeneity: Chi’=1.13, df=2 (p=0.57); 1’=0%
Test for overall effect: Z=1.44 (p=02.15) )
Test for subgroup differences: Chi"=1.09, df=1 (p=0.30); '=8.6%

-4 -2 0 2 4
Favours  Favours
[UL training] [control]

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, fixed, 95% ClI 1V, fixed, 95% CI
2.7.1 Moderate
McKeough 2012 345 15.38 18 35.0 17.0 8 30.9% -0.03 (-0.86, 0.80) .
Silva 2018 21.6 12.00 26 274 12.6 25 69.1% -0.46 (-1.02, 0.09) —
Subtotal (95% CI) ) ) 44 33 100.0% -0.33(-0.79, 0.13)
Heterogeneity: Chi"=0.72, df=1 (p=0.40); I'=0%
Test for overall effect: Z=1.40 (p=0.16)
Total (95% ClI) 44 33.0 33 100.0% -0.33(-0.79, 0.13)

Heterogeneity: Chi’=0.72, df=1 (p=0.40); I’=0%
Test for overall effect: Z=1.40 (p=0.16)
Test for subgroup differences: Not applicable

-2 -10 1 2
Favours  Favours
[UL training] [control]

Fig. 5. Forest plot showing difference in quality of life from St. George’s Respiratory Questionnaire (SGRQ) by compar-
ing modes of upper limb (UL) training with control condition (A) and by patient severity (B).

The effect of ULC on outcomes relevant to individu-
als with COPD is quite limited. In our study, the effect of
ULC was gathered from one study [29], which reported
only three of five outcomes of interest: dyspnea, UL fa-
tigue, and UL exercise tolerance. The ULC was found to
be significantly effective in improving UL fatigue with a
trend to improve dyspnea when compared to the con-
trol. The positive effect of ULC on UL fatigue might be
due to increased endurance and strength of UL muscles
[32,37]. Additionally, ULC might have increased the ca-
pacity of respiratory muscles, leading to a decrease in
the sensation of dyspnea [12]. The ULC can elicit posi-
tive physiological adaptations such as improved muscle
strength, muscle capillarization, and aerobic capacity of
UL needed to sustain routine daily activities [30]. An im-
provement in UL fatigue may further improve dyspnea,
UL function, and exercise tolerance in individuals with
COPD [37]. However, larger studies with high quality and

greater numbers of participants are needed to further
identify the effect of ULC on clinical outcomes relevant to
individuals with COPD.

The present study demonstrated a significant difference
in dyspnea, UL fatigue, UL function, and UL exercise tol-
erance between ULA and control groups. These findings
are consistent with those reported by McKeough et al. [13]
showing that UL training demonstrates a significantly
greater improvement in dyspnea and unsupported en-
durance UL exercise capacity than the control. Addition-
ally, results of the present study are in line with the cur-
rent guideline suggesting that UL training can increase
UL function in individuals with COPD, emphasizing the
importance of UL training in pulmonary rehabilitation
program regardless of the mode of training [9]. However,
when data were stratified into different modes of exer-
cise, not all modes of exercise demonstrated the same
effects as those of ULA. Only ULE demonstrated positive
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Experimental

Control

Std. mean difference

Std. mean difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, fixed, 95% CI  Year 1V, fixed, 95% CI

1.2.1 UL endurance training

Ries 1988 1.60 0.80 8 240 110 M 6.5% -0.77 (-1.73,0.18) 1988 —

Bauldoff 1996 1550 090 10 1590 1.70 10 7.5% -0.28 (-1.16, 0.60) 1996 —1

Holland 2004 13.72 234 22 1423 192 16 14.0% -0.23(-0.88,0.42) 2004 —

McKeough 2012 510 240 10 6.60 2.30 8 6.4% -0.61(-1.56,0.35) 2012 —

Subtotal (95% Cl) , , 90 45 34.4% -0.41(-0.83, -0.00) . 2

Heterogeneity: Chi’=1. 10, df=3 (p=0.78); I'=0%

Test for overall effect: Z=1.96 (p=0.05)

1.2.2 UL strength training

Ries 1988 2.60 1.60 9 240 110 M 7.5% 0.14 (-0.74, 1.02) 1988 —t—

Costi 2009 158 130 25 250 152 25 18.0% -0.64(-1.21,-0.07) 2009 ——

Janaudis-Ferreira 2011 190 160 17 160 110 19 13.6% 0.22 (-0.44,0.87) 2011 -

McKeough 2012 5.90 2.10 8 6.60 2.30 8 6.0% -0.30(-1.29,0.69) 2012 — T

Calik-Kutukcu 2017 3.97 233 21 458 262 21 159% -0.24(-0.85,0.37) 2017 —1

Subtotal (95% Cl) | , 80 84 61.0% -0.22(-0.53, 0.09) ¢

Heterogeneity: Chi’=4.46, df=4 (p=0.35); I'=10%

Test for overall effect: Z=1.37 (p=0.17)

1.2.3 Combined UL endurance and strength training

McKeough 2012 340 2.80 7 6.60 2.30 8 4.6% -1.18(-2.31, -0.06) 2012 —

Subtotal (95% ClI) 7 8 4.6% -1.18 (-2.31, -0.06) .

Heterogeneity: Not applicable

Test for overall effect: Z=2.06 (p=0.04)

Total (95% ClI) ) , 137 137 100.0% -0.33 (-0.57, -0.09) ¢

Heterogeneity: Chi"=8.45, df=9 (p=0.49); I'=0% } } } —

Test for overall effect: Z=2.66 (p= O 008) -4 -2 0 2 4

Test for subgroup differences: Chi’=2.88, df=2 (p=0.24); | ’=30.5% Favours Favours
[UL training] [control]

Fig. 6. Forest plot showing difference in upper limb (UL) fatigue by comparing modes of UL training with control con-

dition.

Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight |V, random, 95% Cl Year 1V, random, 95% ClI
1.3.1 UL endurance training
Ries 1988 663 125 8 548 9% 11 13.5% 1.01 (0.03, 1.99) 1988 —
Subtotal (95% CI) 8 1 13.5% 1.01 (0.03, 1.99) b
Heterogeneity: Not applicable
Test for overall effect: Z=2.02 (p=0.04)
1.3.2 UL strength training
Ries 1988 636 234 9 548 96 11 15.1% 0.49(-0.41,1.39) 1988 -+
Costi 2009 18 62 25 126 43 25 232% 1.00 (0.41, 1.59) 2009 ——
Covey 2012 72 17 43 72 2 21 255% 0.00(-0.52,0.52) 2012 -
Calik-Kutukcu 2017 648 13 21 632 118 21 227% 0.13(-0.48,0.73) 2017 -
Subtotal (95% CI) 98 5 78 86.5% 0.39(-0.10, 0.87) J‘
Heterogeneity: Tau’=0. 14; Chi’ =6.94, df=3 (p=0.07); '=57%
Test for overall effect: Z=1.57 (p=0.12)
Total (95% Cl) 106 5 89 100.0% 0.47 (0.03, 0.92) L
Heterogeneity: Tau’=0. 13; chi® =8.46, df=4 (p=0.08); I'=53% } } } —
Test for overall effect: Z=2.07 (p= O 04) -4 -2 0 2 4
Test for subgroup differences: Chi’=1.25, df=1 (p=0.26); | ’=19.9% Favours Favours

[control] [UL training]

Fig. 7. Forest plot showing difference in upper limb (UL) function by comparing modes of UL training with control

condition.

and significant effects similar to those of ULA.

Addition-

than the other two modes on the same outcomes. Hence,

ally, when considering the effect size of each mode of UL  ULE seems to be the largest contributor to the effect of

training, ULE training had a relatively larger
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effect size

UL training.
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Experimental Control Std. mean difference Std. mean difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, random, 95% Cl Year IV, random, 95% ClI
1.4.1 UL endurance training
Ries 1988 26.0 6 8 18 5 11 59% 1.41(0.37,2.45) 1988 B
Lake 1990 435 14 5 241 7.8 7 4.0% 1.67 (0.26, 3.08) 1990 —_—
Bauldoff 1996 152 32 10 141 43 10 7.0% 0.28(-0.60,1.16) 1996 ——
Epstein 1997 394 46 12 275 50 11 55% 239(1.28,3.51) 1997 e
Holland 2004 517.32 142.33 22 480.27 11811 16 9.0% 0.27 (-0.37,0.92) 2004 -+
Subin 2010 2446 4797 10 27275 98.9 8 6.6% -0.36(-1.30,0.58) 2010 —
McKeough 2012 9.8 2 10 102 1.9 8 6.6% -0.19(-1.13,0.74) 2012 —
Gadesha 2015 268.2 4728 18 2109 4049 18 8.3% 1.27 (0.55,2.00) 2015 —
Subtotal (95% Cl) , ) 95 ) 89 53.0% 0.78 (0.16, 1.40) <&
Heterogeneity: Tau =0.57; Chi"=25.79, df=7 (p=0.0005); I'=73%
Test for overall effect: Z=2.46 (p=0.01)
1.4.2 UL strength training
Ries 1988 20 6 9 18 5 1 7.0% 0.35(-0.54,1.24) 1988 —+—
Costi 2009 2028 365 25 1728 288 25 9.6%  0.90(0.31,1.48) 2009 —
Janaudis-Ferreira 2011 600 106 17 566 75 19 89% 0.37(-0.29,1.03) 2011 T
McKeough 2012 10.7 1.9 8 102 1.9 8 6.3% 0.25(-0.74,1.23) 2012 —_1
Calik-Kutukcu 2017 519 12.09 21 4588 1064 21 9.3% 0.52(-0.10,1.13) 2017 ——
Subtotal (95% CI) ) 80 84 41.0%  0.55(0.23, 0.86) ¢
Heterogeneity: Tau"=0.00; Chi"=2.23, df=4 (p=0.69); I =0%
Test for overall effect: Z=3.41 (p=0.0007)
1.4.3 Combined UL endurance and strength training
McKeough 2012 10.3 2.8 7 102 1.9 8 6.1% 0.04(-0.97,1.05) 2012 —
Subtotal (95% ClI) 7 8 6.1% 0.04(-0.97,1.05) ‘
Heterogeneity: Not applicable
Test for overall effect: Z=0.08 (p=0.94)
Total (95% ClI) ) ) 182 ) 181 100.0%  0.60 (0.26, 0.94) ¢
Heterogeneity: Tau"=0.22; Chi"=29.54, df=13 (p=0.005); I'=56% } } } } } j
Test for overall effect: Z=3.49 (p=(%.0005) 5 -4 -2 0 2 4
Test for subgroup differences: Chi"=1.50, df=2 (p=0.47); 1'=0% Favours Favours

[control] [UL training]

Fig. 8. Forest plot showing difference in upper limb (UL) exercise tolerance by comparing modes of UL training with

control condition.

Patient’s QoL is an important outcome measure to
demonstrate whether or not an intervention will es-
sentially have a significant impact on the patient [9].
Unfortunately, the present study did not demonstrate
a significant effect of UL training on QoL compared to
the control. This finding is consistent with results of the
previous report [13]. It might be attributable to a limited
number of studies and small sample size. In this study,
the control group received either LL training [25,28,30,33],
gentle chair exercises and incorporated stretching of all
major joints [31], inspiratory muscle training [33], or UL
flexibility and stretching exercises [29,33]. These exer-
cises can significantly improve muscle capacity [7] and
reduce dyspnea [7,9], both of which can lead to improved
QoL in individuals with COPD [7,9]. As a result, no signif-
icant between-group difference was observed. However,
the small effect size of the total score of QoL favoring the
ULA may suggest an added value of both ULE and ULS
for improving QoL of individuals with COPD.

Clinical implications

Findings of this systematic review indicate that the
mode of UL training can significantly and differently im-
pact clinical outcomes relevant to individuals with COPD.
There was a significant improvement in dyspnea, UL fa-
tigue, UL function, and UL exercise tolerance following
ULE. ULS improved dyspnea and UL exercise tolerance.
ULC was also useful to reduce UL fatigue. Nonetheless,
ULE deemed to be superior to ULS and ULC. It should be
an essential part of a pulmonary rehabilitation program
for individuals with COPD. Considering the application
of integrated UL training, individuals with severe COPD
would benefit from it the most.

Limitations

This study has several limitations. First, a relatively
small number of subjects (ranging from 74 to 381 subjects
per meta-analysis) were included in each meta-analysis,
which might have led to imprecision of results. Second,
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a direct comparison between UL training and the control
was difficult to make due to considerable variability with-
in UL training and control groups. Finally, results were
limited to an immediate effect after treatment without
providing any information on the long-term effect. Fur-
ther studies with larger sample size, standardized train-
ing protocol, and with a long-term follow-up are needed
to minimize these limitations and improve the accuracy
of the effect of each mode of UL training on these out-
comes.

Conclusion

ULE is more effective in improving dyspnea, UL fatigue,
UL function, and UL exercise tolerance than the control.
ULS is effective in decreasing dyspnea and increasing UL
exercise tolerance than the control. ULC is also useful in
relieving UL fatigue in individuals with COPD. The ap-
plication of integrated UL training is more useful for pa-
tients with severe COPD than in those with mild to mod-
erate severity of COPD. However, all modes of UL training
failed to show significantly greater effect on QoL than the
control. Since the quality of evidence ranged from very
low to moderate, the above recommendations for effects
of UL training were conditional. Future research is need-
ed to confirm results of the current meta-analysis.
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