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Physiological and Symptomatic Responses to Arm versus Leg Activities in
People with Chronic Obstructive Pulmonary Disease: A Systematic
Review and Meta-Analysis

Erik Frykholma , Vanessa Pereira Limab , Hanna-Vega Selandera, Andre Nyberga� , and
Tania Janaudis-Ferreirac,d�
aDepartment of Community Medicine and Rehabilitation, Section of Physiotherapy, Umeå University, Umeå, Sweden; bDepartment of
Physiotherapy, Universidade Federal dos Vales do Jequitinhonha e Mucuri, Diamantina, Minas Gerais, Brazil; cSchool of Physical and
Occupational Therapy, McGill University, Montreal, Canada; dTranslational Research in Respiratory Diseases Program, Research Institute of
the McGill University Health Centre, Montreal, Canada

ABSTRACT
While the mechanisms underlying exercise limitations and symptoms during leg activities have
been investigated in detail, knowledge of potential differences between leg and arm activities are
not well understood and results from individual studies are contradictory. Thus, the aim of the
present study was to synthesize physiological and symptomatic responses during activities involv-
ing the arms relative to activities involving the legs in people with Chronic Obstructive Pulmonary
Disease (COPD). Any study with a cross-sectional comparison of acute physiological (cardiorespira-
tory, metabolic) and symptomatic responses to activities performed with the arms versus the legs
were included. Studies were sub-grouped based on the type of activity performed (cycle ergom-
eter, resistance exercises, or functional test/activities). Eighteen studies with 423 individuals with
COPD were included. Leg cycle ergometer resulted in greater tidal volume (137mL), minute venti-
lation (4.8 L/min), and oxygen consumption (164mL/min) than arm cycle ergometer, while symp-
tomatic responses were similar. Resistance exercises resulted in similar physiological and
symptomatic responses irrespective of whether the legs or the arms were involved while studies
on functional activities report different results depending on the type and intensity of the activity
performed. With the exception of cycle ergometer activities, physiological and symptomatic
responses do not seem to depend on whether the arms or the legs are used, but rather seem to
be task and intensity dependent. These novel findings suggest, for example, that strategies used
to increase exercise tolerance should not be dependent on whether the arms or the legs are
used, but rather the intensity of specific activity performed.
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Introduction

COPD (COPD) is a disease characterized by persistent
respiratory symptoms and airflow limitation [1]. In addition
to this central limitation, a common peripheral consequence
of COPD is limb muscle dysfunction [2], which affects the
function of the leg and arm muscles [2, 3]. In comparison
to healthy individuals, people with COPD present reduced
aerobic capacity [4], reduced mechanical efficiency (ME)
(work per unit oxygen consumed) [5], increased fatigue for
the same absolute oxygen consumption [6], as well as
greater reliance on glycolysis during exercise [7] when per-
forming leg activities, such as walking or cycling. Arm activ-
ities are also poorly tolerated by many individuals with
COPD, mainly when the arms are unsupported and raised
above shoulder height. For example, similar peak oxygen
consumption (V_ ᴏ2) and minute ventilation (V_ E) has been

seen during arm (arm elevation) and leg (knee extension)
resistance exercises when expressed as a percentage of max-
imal oxygen consumption obtained from a cardiopulmonary
exercise test [8]. Compared to healthy individuals, people
with COPD have demonstrated increased hyperinflation as
well as increased perceived dyspnea, despite lower cardio-
respiratory responses during maximal arm exercises [9].
Since leg and arm activities often are problematic for indi-
viduals with COPD [10, 11], pulmonary rehabilitation guide-
lines recommend the inclusion of training modalities that
target both arms and legs [9, 10].

Before starting an exercise training program, an exercise
assessment is needed to individualize the exercise prescrip-
tion, ensure the safety of the intervention and evaluate the
potential need for adjunct strategies to increase exercise tol-
erance [10]. Identifying a single variable for exercise
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intolerance in COPD is difficult; it is likely multifactorial
including both physiological and symptomatic factors as
well as dependent on the mode of activity [10, 12].

To date, several comparisons between arm and leg activ-
ities have been made, but with somewhat conflicting results.
For example, McKeough et al. [13] found that at a given
V_ ᴏ2, dyspnea response was comparable during arm and leg
cycling in individuals with COPD, and there was no differ-
ence in V_ ᴏ2 peak. However, in contrast, Carter et al. [14],
found greater peak V_ ᴏ 2 during leg cycling than arm
cycling, while Porto et al. [15] found that, at a given V_ ᴏ2,
dyspnea and hyperinflation was greater during arm exer-
cises than during leg exercises in individuals with COPD.
These seemingly contradictory messages highlight the need
for a systematic review of studies that have evaluated physio-
logical responses and symptoms during arm and leg activities
in individuals with COPD. Determining physiological
responses and symptoms of arm versus leg activities will help
us understand the mechanisms behind the difficulties that peo-
ple with COPD experience when performing physical activities.
This knowledge will also assist prescription of individualized
exercise training, for example, evaluating the potential need for
adjunct strategies to increase exercise tolerance.

Objectives

The primary objective of this systematic review and meta-
analysis was to synthesize the physiological responses during
activities involving the arms relative to activities involving
the legs in individuals with COPD. A secondary objective of
this systematic review was to synthesize the exertional symp-
toms during activities involving the arms relative to activ-
ities involving the legs in individuals with COPD.

Methods

The systematic review is reported in line with the preferred
reporting items for systematic review/meta-analysis
(PRISMA) [16]. It is registered with the International
Prospective Register of Systematic Reviews (registration num-
ber: CRD42017074476), and a protocol with detailed informa-
tion about the methods used has been published [17].

Eligibility criteria for inclusion of studies

We considered all prospective and retrospective study
designs, including but not limited to cross-sectional, cohort,
case-control and experimental study designs. We included
studies that presented a cross-sectional comparison of
physiological responses and symptoms of arm versus leg
activities in individuals with a diagnosis of COPD confirmed
by spirometry following published guidelines [1, 18–21]. For
studies with multiple measurement points, such as interven-
tion studies, baseline data were used. Exposure included any
type of upper limb/arm activity, either unsupported or sup-
ported; including but not limited to aerobic and resistance
training/activities targeting the upper limbs/arms.
Comparators included any type of lower leg activity;

including but not limited to aerobic and resistance training/
activities targeting the legs. Primary outcomes included, but
were not limited to 1) Cardiorespiratory and metabolic
responses: heart rate (HR), peripheral capillary oxygen satur-
ation (Spᴏ2%), V_ ᴏ2, carbon dioxide production (V_ CO2), and
concentration of blood lactate; 2) Respiratory responses:
tidal volume (VT), (V_ E), respiratory rate (RR), minute venti-
lation and maximum voluntary ventilation ratio (V_ E/MVV),
dynamic hyperinflation (DH), end-expiratory lung volume
(EELV), end-inspiratory lung volume (EILV), and inspira-
tory capacity (IC); 3) Biomechanics: muscle activity, chest
wall kinematics, mechanical efficiency (ME), peak load and
total workload. Secondary outcomes included: subjective rat-
ings of exertional symptoms (i.e. dyspnea and fatigue) meas-
ured with the revised Borg category-ratio 0–10 scale (CR10)
[22] or another scale with similar properties.

There was no restriction related to year of publication; all
articles from inception to 2017-10-01 of selected databases
were considered if written in English, Swedish, Spanish, or
Portuguese. We included relevant conference abstracts if all
information could be retrieved. If not, they were excluded.
Studies that included a mixed population where individuals
with COPD were not the primary diagnosis were excluded if
data could not be attained separately for individuals with
COPD. Studies including activities involving the whole body
or arms and legs simultaneous were excluded.

Search methods

Potentially relevant studies were identified from CINAHL
(EBSCO interface, 1981 onwards) EMBASE (OVID interface,
1980 onwards), Physiotherapy Evidence Database (PEDro)
(Neuroscience Research Australia (NeuRA) 1929 onwards),
PubMed (U.S. National Library of Medicine, 1946 onwards), and
Cochrane Central Register of Controlled Trials (Wiley, 2010
onwards). A search for “grey” literature was performed through
clinicaltrials.gov, where observational studies, as well as random-
ized controlled trials, can be registered. Also, we searched the
Cochrane Database of Systematic Reviews (CDSR) and
PROSPERO, to identify existing or ongoing reviews on the topic.

Search strategy

The search strategy was developed with the assistance of a
Health Science Librarian and reviewed by experts in the
fields of physiotherapy and lung diseases. To ensure litera-
ture saturation, comprehensive searches were constructed of
both indexes terming (MeSH terms), “free text” terms and
synonyms. We also hand-searched the reference lists of
included studies or relevant reviews identified through the
search. Lastly, the “related articles” function in PubMed was
used on included studies or relevant reviews. We used the
following search terms to search trials registers and data-
bases: Pulmonary Disease, Chronic Obstructive; COPD;
COPD; COAD; Chronic Obstructive Airway Disease;
Chronic Obstructive Lung Disease; Airflow Obstruction,
Chronic; Airflow Obstructions, Chronic; Chronic Airflow
Obstructions; Upper Extremity; Extremities, Upper; Upper
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Extremities; Upper Limb; Limb, Upper; Extremity, Upper;
arm; arms; shoulder; Lower Extremity; Extremities, Lower;
Lower Extremities; Lower Limb; Limb, Lower; Limbs,
Lower; Lower Limbs; Extremity, Lower; Hip; Knee; Leg;
Legs; Thigh. The complete search strategy used for searches
in PubMed can be found in online supplementary file 1.

Study records

The results from the literature searches were uploaded to
COVIDENCE, an internet-based software program that
facilitates management of studies, including removal of
duplicates. The inclusion of articles was then performed in
three steps with one reviewer screening titles (EF), two
reviewers were involved in screening of abstracts (EF &
AN), and four reviewers were involved screening of full-text
articles (EF [all full-texts] & AN/VPL/TJF [one third each]).
In case of disagreement or uncertainty, the decision was
reached through discussions between reviewers. Agreement
between assessors was assessed mathematically using a
Kappa statistic (K value). Special attention to identifying
possible duplicates was taken to minimize risk for biased
results. The selection process is presented in a PRISMA flow
chart diagram (Figure 1). A standardized data extraction
form, based on the eligibility criteria for inclusion of studies,
was used by two reviewers to extract data independently
from full-text copies of all included studies.

Study quality assessment

Assessment of the methodological quality of the studies was
done by the 14 most relevant components from the checklist
by Downs and Black [23]:

� Is the hypothesis/aim/objective of the study
clearly described?

� Are the main outcomes to be measured clearly described
in the introduction or methods section?

� Are the characteristics of the patients included in the
study clearly described? Are the distributions of principal
confounders in each group of subjects to be compared
clearly described?

� Are the main findings of the study clearly described?
� Does the study provide estimates of the random variabil-

ity in the data for the main outcomes?
� Have the characteristics of patients lost to follow-up

been described?
� Have actual probability values been reported (for

example .035 rather than <.05) for the main outcomes
except where the probability value is <.001?

� Were the subjects asked to participate in the study repre-
sentative of the entire population from which they
were recruited?

� Were those subjects who were prepared to participate
representative of the entire population from which they
were recruited?

� Were the statistical tests used to assess the main out-
comes appropriate?

� Were the main outcome measures used accurate (valid
and reliable)?

� Were losses of patients to follow-up taken into account?
� Did the study have sufficient power to detect a clinically

important effect/difference, where the probability value
for a difference is due to chance, is less than 5%?

A standardized form was used by two independent
reviewers, and each item was graded as yes ¼ 1, no ¼ 0, or
unable to determine (UTD) ¼ 0. Giving a possible total
score of 14 points, no grading based on scores was used. In
case of disagreement or uncertainty, the decision was
reached through discussions between reviewers.

Data extraction

Data extraction was individually performed by two review
authors (EF and HVS) with a standardized and pilot tested
data extraction form. Disagreements were resolved by dis-
cussion between the two review authors; if no agreement
could be reached, it was planned a third author would
decide (AN). All extracted data were double checked with
the included studies.

Data items

Study: author(s) name, title, publication year, inclusion and
exclusion criteria, setting and identification of measurements
taken without prior intervention.

Participants: age, gender, diagnosis of COPD, forced
expiratory volume in 1 s, body mass index, comorbidities,
sample size, and missing values.

Exposure (arm activity): type of activity, number of par-
ticipants, intensity and duration.

Comparator (leg activity): type of activity, number of par-
ticipants, intensity and duration.

Data analysis

When appropriate, we performed a meta-analysis using
Review Manager (RevMan). A meta-analysis was considered
when at least two studies reported sufficient data for the
same outcome using the same exposure and control. Thus
meta-analysis was only done with data from studies that
included cycle ergometer tests. Because of the nature of the
exposure analyzed in this review, we expected heterogeneity
between the studies. Therefore, we performed meta-analyses
using a random-effect model rather than a fixed-effect
model. The levels of statistical heterogeneity were assessed
using the I2 score from each analysis. I2 values from 0% to
25% were interpreted as the meta-analysis having a low level
of heterogeneity, values from 26% to 50% as a moderate
level, values from 51% to 75% as a high level, and from 76%
to 100% as a considerable level [24].

Outcomes included and not included in the meta-analysis
are descriptively reported in tables. For a uniform presenta-
tion was data presented as means with standard deviations
(SD), mean difference, and effect size. If a standard error
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Figure 1. Flow chart of included studies.
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was presented in the original study, a SD was calculated as:

SD ¼ Standard error�
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Number

p
of participants

And, the effect size was estimated as the difference in
means divided by the pooled SD:

Effect size ¼ Mean difference=
ffiffiffiffiffiffiffiffiffiffiffiffi
ððSD2

1

q
�SSD2

2Þ=2Þ

Alterations to study protocol

No additional search was done after 2017-10-01, but notifi-
cations of new studies were received, and one study was
included after this date.

Results

Results of the search

In total, 483 potentially relevant articles were found after
database searches and imported to Covidence. After removal
of duplicates 329 articles were screened, of which 18 studies
with a total of 423 individuals with COPD met the inclusion
criteria (Figure 1). The agreement between reviewers regard-
ing the inclusion of studies after initial full-text screening was
high (Cohens Kappa 0.80), and all disagreements were
resolved by discussion. Quality assessment scores are shown
in Table 1. An overview of the outcomes used to compare
the differences between arm versus leg activities is seen in
Table 2–5. To improve data reporting and interpretability of
the findings, the included studies were categorized in three
groups according to the type of activity performed: 1) studies
that compared arm cycle ergometer versus leg cycle ergom-
eter, 2) studies that compared resistance training exercises
between arms and legs, and 3) studies that compared arm
functional tests with functional tests involving the legs.

Quality assessment

Downs and Black scores are given in Table 1. Of the 18
assessed studies, the mean score was 10.3 out of the total 14
(range: 8 to 13). The item related to study sample being or
not representative of the entire population from which they
were recruited (based on random or consecutive sampling),
and the item concerning study power could often not be
determined and therefore reduced the total score. Also, in
some studies, the characteristics of included participants
were not clearly described, due to the lack of explicit inclu-
sion and exclusion criteria.

Cycle ergometer

Seven studies [13, 14, 25–29] (Table 2) compared gas
exchange outcomes during incremental arm versus leg cycle
ergometer tests, and nine outcomes were identified as suit-
able for meta-analysis; V_ ᴏ2, HR, VT, RR, V_ E, V_ E/MVV, load,
Spᴏ2%, and dyspnea (Figures 2–10). The analyses demon-
strate lower V_ ᴏ 2, VT, V_ E, V_ E/MVV, and workload during

seated arm cycle ergometer compared to leg cycle ergometer
(Figures 2, 4, 6, 7, 9). No significant differences were dem-
onstrated for HR, RR, Spᴏ2%, and dyspnea during arm cycle
ergometer compared to leg cycle ergometer (Figures 3, 5, 8,
10). The heterogeneity estimation demonstrated low hetero-
geneity (I2 <18%) for all variables except workload (I2 70%).
Additional outcomes are presented in Table 2.

Also, three studies investigated physiological responses to
continuous work during submaximal levels of exercise (that is,
performed at a % of the mode specific peak]) during cycle erg-
ometer [25–27] (Table 3). During submaximal continuous
work, the ME was higher for arm cycle ergometer (Figure 11).
Not included in the meta-analyses due to differences in test
procedures, Hannink et al. [27] found lower workload, V_ ᴏ 2,
and VT, similar DH (change in IC pre- to post-test), and
higher HR and RR, during arm- compared to leg cycle ergom-
eter at iso-Ve. Both inspiratory and expiratory time was signifi-
cantly reduced during arm cycle ergometer and contributed to
a higher RR [27]. Additional outcomes are presented in
Table 3.

Resistance exercises

Six studies [8, 30–34] (Table 4) reported comparisons of
resistance exercises performed with the arms and the legs,
using free weights, weight lifting equipment [8], elastic
bands [33–35], isometric testing equipment [31] or without
equipment [30]. Two studies reported gas exchange out-
comes [8, 34], three studies reported symptoms during exer-
cise [8, 32, 33], one study reported fatigability during
isometric contractions [31], and one study used near-infra-
red spectroscopy to determine the oxygen recovery constant
[30]. Robles et al. [8] and Nyberg et al. [34] found similar
V_ ᴏ2, and V_ E during arm (arm elevation) and leg (knee exten-
sion) resistance exercises when expressed as a percentage of
V_ ᴏ2 peak obtained from a cardiopulmonary exercise test.
These findings were similar in both studies, even though the
design of the resistance exercise protocol used varied
(muscle strength [high-load/low-repetition] [8] versus
muscle endurance [low-load/high-repetition] [34]). However,
when expressed as V_ᴏ2 per kg work performed, Nyberg et al.
[34] found that oxygen consumption per Kg work per-
formed was significantly higher during arm elevation (214
[SD 88] ml/kg/min) than during leg extension (53 [SD 15]
ml/kg/min). The same research group also presented dys-
pnea and muscle fatigue ratings during low-load/high-repeti-
tion resistance training using elastic bands in two separate
trials, demonstrating similar exertional dyspnea (pooled
mean ratings: arm 4.0 [SD 1.7], leg 4.0 [SD 1.5]) and muscle
fatigue (arm 5.2 [SD 1.6], leg 5.2 [SD 1.4]) during arm and
leg resistance exercises [32, 33]. These ratings on dyspnea
and muscle fatigue are comparable to the ratings of per-
ceived exertion (arm 5 [SD 2.5], leg 4 [SD 3.1]) reported by
Robles et al. [8]. Furthermore, Miranda et al. [31] investi-
gated the fatigability of the quadriceps muscle during an iso-
metric knee extension exercise performed at 60� knee
flexion and the middle deltoid during an isometric shoulder
abduction exercise performed with the shoulder placed at
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Figure 2. Random-effects meta-analysis on the mean difference of oxygen consumption between arm and leg cycle ergometer tests at peak level reported as
mL/minute.

Figure 3. Random-effects meta-analysis on the mean difference in heart rate between arm and leg cycle ergometer tests at peak level reported as beats/minute.

Figure 4. Random-effects meta-analysis on the mean difference of tidal volume between arm and leg cycle ergometer tests at peak level reported as mL.

Figure 5. Random-effects meta-analysis on the mean difference of respiratory rate between arm and leg cycle ergometer tests at peak level reported as
breaths/minute.

Figure 6. Random-effects meta-analysis on the mean difference in ventilation between arm and leg cycle ergometer tests at peak level reported as litres/minute.
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90� abduction. Both exercises were performed at equivalent
work-loads (60% of maximal voluntary isometric contrac-
tions, to the limit of tolerance) and fatigability was exam-
ined continuously during the exercises using
electromyography. They found a greater decline in median
frequency throughout an isometric local muscle endurance
test at 60% of maximal voluntary contraction for the middle
deltoid compared to the quadriceps femoris. When corrected
for time of the endurance test, the dyspnea and fatigue
scores were higher for the middle deltoid during the isomet-
ric shoulder abduction exercise than for the quadriceps fem-
oris during the isometric knee extension exercise [31].

Lastly, Adami et al. [30] performed repeated intermittent
arterial occlusions after a brief (10–15 sec) isometric muscle
contractions of the medial forearm and medial gastrocne-
mius and used near-infrared spectroscopy to determine the
recovery rate of muscle oxygen consumption. They found
no differences between arm and leg muscles [30].

Functional tests/activities

Seven studies compared functional tests performed with the
arms and the legs [13, 15, 29, 36–39] (Table 5). Six studies
reported gas exchange outcomes [13, 15, 29, 36–38] and one
study reported changes in spirometric values pre- and post-
activity [39]. Celli et al. [36] compared a test involving mov-
ing rings up and down in a pegboard with an unloaded leg
cycle ergometer. De Souza et al. [37] and Porto et al. [15]
compared a diagonal arm movement with a dumbbell with
treadmill walking. Marrara et al. [38] and Silva et al. [39]
compared functional activities such as blackboard erasing
and storing pots on a shelf, with treadmill walking. While
McKoeogh et al [13, 29] compared the unsupported upper
limb exercise test (UULEX) to an incremental leg cycle
ergometer test.

Five studies reported a lower V_ ᴏ2 [13, 15, 29, 36, 37],
four studies reported a lower HR [13, 29, 36, 37], and four

Figure 7. Random-effects meta-analysis on the mean difference of work load between arm and leg cycle ergometer tests at peak level reported in watt.

Figure 8. Random-effects meta-analysis on the mean difference of dyspnea between arm and leg cycle ergometer tests at peak level reported the revised Borg cat-
egory-ratio 1–10 scale.

Figure 9. Random-effects meta-analysis on the mean difference of ventilatory reserve between arm and leg cycle ergometer tests at peak level reported in %.

Figure 10. Random-effects meta-analysis on the mean difference of oxygen saturation between arm and leg cycle ergometer tests at peak level reported in %.
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studies reported a lower V_ E [13, 29, 36, 37] during arm
activity compared to leg activity (the difference not always
statistically significant (Table 5). De Souza et al. [37],
Marrara et al. [38], and Mc Keough et al. [29] also reported
lower ratings of dyspnea during arm activity. Silva et al. [39]
found a lower change in HR and dyspnea (pre-post activity),
and a lower proportion of participants with DH after the

arm activity when comparing storing pots and walking for
5minutes. In contrast, Celli et al. [36] reported a greater
proportion of participants developing dyssynchronous
breathing during arm activity (rings movement in a peg-
board) (arm 5/12, leg 0/12) compared to an unloaded cycle
ergometer. Porto et al. [15] investigated arm and leg activ-
ities effect on hyperinflation at similar levels of V_ ᴏ2 con-

Table 2. Incremental cycle ergometer tests.

Study
and design Participants Leg activity Arm activity Measurement Leg result Arm result Diff ES

Carter 2003
Cross-sectional

N: 124
Age: 67
FEV1%:
45–48 (range)
BMI: 26.5–27.3
(range)
M/F: 90/34

Incremental leg ergometer
60 RPM
5–15 W/min increment to
symptom-limited peak.

Incremental arm ergometer
50–60 RPM
5–15 W/min increment to
symptom-limited peak.

Load, W 63 (25) 39 (20) 24� 1.07
V_ᴏ2, mL/min 1091 (322) 904 (264) 188� 0.64
V_ CO2, mL/min 1060 (359) 871 (281) 189� 0.59
V_ E, L/min 39 (12) 34 (10) 6� 0.52
RR, breath/min 32 (6) 30 (6) 1� 0.21
VT, L 1.3 (0.4) 1.1 (0.3) 1.6� 0.45
Spᴏ2, % 96 (4) 96 (3) �1� �0.25
HR, beats/min 117 (18) 113 (18) 3� 0.19
HR, % predicted 89 (15) 87 (14) 2 0.17
Fatigue, CR10 5.5 (2.9) 4.8 (2.7) 0.7� 0.25
Dyspnea, CR10 4.5 (2.8) 4.3 (2.6) 0.2 0.07

Castagna 2006
Cross-sectional

N: 16
Age: 65 (6)
FEV1: 35 (5)
BMI: 24 (6)
M/F: 16/0

Incremental leg ergometer
60 RPM
6–10 W/min increment to
symptom-limited peak.

Incremental arm ergometer
60 RPM
6–10 W/min increment to
symptom-limited peak.

Load, W 58 (41) 54 (34) 4 0.11
V_ᴏ2, mL/min 1109 (464) 1054 (268) 55 0.15
RER, VCO2/V_ᴏ2 1.08 (0.12) 1.09 (0.12) �0.01 �0.08
V_ E, L/min 32 (16) 29 (13) 3 0.18
V_ E/MVV, % 95 (8.4) 88.6 (6.4) 6.40 0.86
VT, L 0.98 (0.68) 0.92 (0.72) 0.06 0.09
RR, breath/min 33 (13) 32 (14) 1 0.07
Dyspnea, VAS 8.9 (4.4) 8.1 (4.8) 0.8 0.17
HR, beats/min 125 (35) 117 (24) 8 0.27
Lactate, mmol/L 4.3 (3.6) 4.1 (2.8) 0.2 0.06

Franssen 2002
Cross-sectional

N: 33
Age: 61
FEV1%: 40 (2)
BMI: 24 (1)
M/F: 23/10

Incremental leg ergometer
60 RPM
10 W/min increment to
symptom-limited peak.

Incremental arm ergometer
60–70 RPM
10 W/min increment to
symptom-limited peak.

Load, W 61 (23) 50 (17) 11� 0.54
V_ᴏ2, mL/min 1006 (362) 851 (247) 155� 0.50
V_ CO2, mL/min 1026 (431) 875 (293) 151� 0.41
RER 1.01 (0.11) 1.02 (0.11) �0.01 �0.09
V_ E, L/min 41 (13) 36 (10) 4.4� 0.38
V_ E/MVV, % 94 (28.72) 85 (22.98) 9� 0.35
VT, L/min 1.25 (0.34) 1.16 (0.34) 0.09� 0.26
RR, breaths/min 33 (6) 33 (6) 0.00 0.00
HR ,beats/min 82 (11) 80 (11) 2 0.17
V_ᴏ2/peak load 17.3 (4.0) 17.3 (3.5) 0.00 0.00

McKeough
2003
Cross-sectional

N: 21
Age: 62 (2)
FEV1%: 37 (3)
BMI: 25 (1)
M/F: NA

Incremental leg ergometer
test. 50–60 RPM
5–10 W/min increments to
symptom limitation.

Incremental arm ergometer
50–60 RPM
5–10 W/min increments to
symptom limitation.

V_ᴏ2, mL/min 790 (460) 680 (460) 110 0.24
V_ᴏ2, mL/kg/min 11 (3) 10 (3) 1.4 0.47
V_ E, L/min 35 (11) 33 (12) 1.9 0.16
VT, L 1.1 (0.46) 0.96 (0.46) 0.14 0.31
HR, beats/min 114 (17) 112 (17) 2.3 0.13
Dyspnea†, CR10 5.4 (2.24) 5.4 (2.24) 0.00 0.00
RPE†, CR10 6.8 (2.24) 6.4 (2.68) 0.4 0.16

Hannink 2010
Cross-sectional

N: 13
Age: 61 (10)
FEV1%: 59 (21)
BMI: 29 (7)
M/F: 10/3

Incremental leg ergometer
5–25 W/min increment to
symptom-limited peak.

Incremental arm ergometer
60 RPM
10 W/min increment to
symptom-limited peak.

Load, W 121 (54) 54 (25) 67� 1.59
V_ᴏ2, mL/min 1630 (470) 1280 (360) 350� 0.84
V_ CO2, mL/min 1780 (610) 1320 (400) 460� 0.89
RER, VCO2/V_ᴏ2 1.07 (0.03) 1.02 (0.03) 0.05 0.46
HR, beats/min 136 (22) 124 (29) 12� 0.47
Spᴏ2, % 95 (4) 95 (7) 0.0 0.00
V_ E, L/min 64 (22) 52 (14) 12� 0.65
RR, breaths/min 35 (4) 30 (7) 5� 0.88
VT, L 1.86 (0.6) 1.72 (0.6) 0.14 0.22
D IC, L �0.59 (54) �0.6 (0.4) 0.01 0.00
IRV, L 0.59 (0.3) 0.85 (0.5) �0.26 �0.60

McKeough
2005
Non
randomised
crossover
design

N: 11
Age: 62 (7)
FEV1%: 61 (11)
BMI: 26 (3)
M/F: 5/6

Incremental leg ergometer
test. 50–60 RPM
5–10 W/min increments to
symptom limitation.

Incremental arm ergometer
50–60 RPM
5–10 W/min increments to
symptom limitation.

Load, W 33 (18) 23.1 (11) 9.9 0.67
V_ᴏ2, mL/min 650 (200) 620 (200) 30 0.15
V_ᴏ2, mL/kg/min 9.3 (2.0) 8.8 (2.2) 0.5 0.23
V_ CO2, L/min 670 (200) 630 (200) 40 0.20
V_ E, L/min 30 (9) 29 (10) 1.2 0.13
VT, L 0.98 (0.3) 0.9 (0.2) 0.08 0.31
RR, breath/min 29 (4) 31 (5) �2.1 �0.50
Spᴏ2, % 94 (5) 93 (6) 1 0.18
HR, beats/min 115 (13) 113 (19) 2 0.12
Dyspnea, CR10 7.4 (2.2) 6.6 (2.8) 0.8 0.32
RPE, CR10 8.5 (1.9) 7.1 (2.7) 1.4 0.60
EELV/TLC 78 (7.3) 80 (6) �2 �0.30

(continued)
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sumption and found a higher V_ E, dyspnea, and a higher DH
(change in IC pre- to post-test) during arm activity.

Discussion

The main findings of this systematic review are that people
with COPD perform leg activities at a higher absolute load
compared to arm activities, and that leg activities often gen-
erate greater central physiological responses. However, exer-
tional dyspnea and limb muscle fatigue do not seem to
depend on whether the arms or the legs are used. Instead,
dyspnea and limb muscle fatigue are more related to the
relative intensity of the specific task performed.

Cycle ergometer

The results from the meta-analysis revealed that V_ ᴏ2 peak
was significantly higher (mean difference 164ml/min, arm/
leg ratio 0.86) during leg- compared to arm-cycle ergometer
in people with COPD. The difference in V_ ᴏ2 peak between
arm and leg cycle ergometer is, however, considerably less
than previously found in healthy young people. An absolute
difference of 890ml/min and arm/leg ratio of 0.70 have
been reported in a systematic review comparing incremental
arm and leg cycle ergometer tests [40]. The smaller differ-
ence in V_ ᴏ2 peak between leg- and arm cycle ergometer in
people with COPD could be related to differences in muscle
force capacities [3] and is in line with previous research

showing that leg muscles often are more affected than arm
muscles among people with COPD [2], even though this is
not a universal finding [3]. Furthermore, these findings
should not be interpreted as evidence of a preserved arm
function compared to healthy controls [9].

Another interesting finding is the lower VT (�137mL)
and V_ E (�4.8 L) at a similar RR during arm compared to leg
cycle ergometer. Observations that may be explained by a
decreased function of the respiratory muscles during arm
compared to leg cycle ergometer. For example, during arm
activities the elastic load of the inspiratory muscles may
change [41], as a result the accessory muscles of respiration
are less available to assist with ventilation, as they are
recruited also for postural support [36]. Thus, as a result,
the function of the respiratory muscles is reduced during
arm cycle ergometer which is not seen to the same extent
during leg cycle ergometer.

Resistance exercises

The differences in central physiological responses seen in
arm and leg cycle ergometer (Figures 2–8) does not seem
to be present during resistance training exercises [8, 34],
thus indicating that physiological responses are task spe-
cific. For example, in contrast to the higher central physio-
logical responses observed during leg cycle ergometer in
comparison to arm cycle ergometer, similar physiological

Table 2. Continued.

Study
and design Participants Leg activity Arm activity Measurement Leg result Arm result Diff ES

Owens 1988
Cross-sectional

N: 8
Age: 62
FEV1%: 62
BMI: NA
M/F: 8/0

Incremental leg ergometer
test. 60 RPM
15 W/min increments to
symptom limitation.

Incremental arm ergometer
60 RPM
5 W/min increments to
symptom limitation.

V_ E, L/min 49 (28) 47 (28) 1.4 0.05
VT, L 1.6 (1.13) 1.5 (0.85) 0.1 0.1
RR, breaths/min 29 (15) 30 (12) �1.5 �0.11
RER, VCO2/V_ᴏ2 0.97 (0.25) 1 (0.25) �0.03 �0.12
Load, W 62 (76) 26 (28) 36� 0.63
V_ᴏ2, mL/min 1120 (608) 966 (535) 154� 0.27
HR, beats/min 124 (59) 126 (54) �2 �0.04
PaCO2, Mm Hg 35 (14) 33 (12) 2 0.15
Pao2, Mm Hg 80 (36) 85 (26) �5 �0.16

Data is mean and standard deviation (SD) or proportions. If SD was not provided in the original article it was calculated as standard error times the squared
root of number of participants.�p< 0.05;

†Missing data from one participant;
Abbreviations: ES¼ effect size calculated as the difference in means divided by the pooled standard deviation, N¼ number of participants, FEV1% ¼ forced
expiratory volume in one second related to predicted value, BMI¼ body mass index, M/F¼ number of males versus females, NA¼ not available, V_ᴏ2 ¼ peak
oxygen consumption, VCO2 ¼ carbon dioxide output, V_ E ¼ ventilation, MVV¼maximal voluntary ventilation, RR¼ respiratory rate, VT ¼ tidal volume, Spᴏ2 ¼
oxygen saturation, RER¼ respiratory exchange ratio (VCO2/V_ᴏ2), IC¼ Inspiratory capacity, IRV¼ inspiratory reserve volume, RPE¼ rating of perceived exertion
CR10¼ Borg category ratio scale 0-10 higher values indicates more symptoms, EELV/TLC¼ end expiratory lung volume/total lung capacity, VAS¼ visual
analogue scale, PaCO2 ¼ partial pressure of carbon dioxide, Po2 ¼ partial pressure of oxygen.

Figure 11. Random-effects meta-analysis on the mean difference of mechanical efficiency between arm and leg cycle ergometer tests at 50% of peak level reported
as %.
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responses (V_ E, V_ ᴏ2, and HR) were seen between arm and
leg resistance exercises [8, 34]. Similarly as for physio-
logical responses, no differences were seen in perceived
symptoms between arm and leg resistance exercises despite
differences in absolute workloads [8, 32, 33]. The higher fat-
igability of the middle deltoid found by Miranda et al. [31] is
in agreement to what is found in a healthy population [42].

Functional tests/activities

The comparisons made of functional activities are more dif-
ficult to interpret due to the heterogeneity of the different
activities performed. Nevertheless, it seems that functional
leg activities lead to greater physiological responses (For

example, V_ ᴏ 2 [13, 15, 29, 36, 37], HR [13, 29, 36, 37], V_ E
[13, 29, 36, 37], and hyperinflation [39]), as well as more
perceived symptoms (dyspnea) [29, 37, 38], than arm activ-
ities. However, only the studies of McKeough et al. [13,
29] used activities that involved both arms (other studies
used single-arm activities) whereas all studies used a
control activity that involved both legs. Thus, consider-
ing that bilateral arm activities have been shown to lead
to greater physiological responses and exertional symp-
toms than single arm activities [34], these findings
should be interpreted with caution as they may be differ-
ent if both the leg and arm conditions are performed
using the same setup (both bilateral execution of arm
and leg activities).

Table 3. Constant load ergometer.

Study and design Participants Leg activity Arm activity Measurement Leg result Arm result Diff ES

Castagna 2006
Cross-sectional

N: 16
Age: 65 (6)
FEV1: 35 (5)
BMI: 24 (6)
M/F: 16/0

Constant load
leg ergometer
8minutes
50% of
individual
peak load

Constant load
arm ergometer
8minutes
50% of
peak Load

V_ᴏ2, mL/min 778 (324) 724 (148) 54. 0.21
RER, VCO2/V_ᴏ2 0.97 (0.12) 0.98 (0.08) �0.01 �0.10
V_ E, L/min 23 (9) 21 (14) 1.3 0.11
V_ E/MVV, % 71.4 (12.8) 67.7 (21.2) 3.7 0.21
VT, L 0.85 (0.76) 0.83 (0.64) 0.03 0.04
RR, breath/min 27 (14) 26 (14) 1 0.08
HR, beats/min 96 (34) 92 (18) 4 0.15
Lactate,

mmol/L
1.9 (1.6) 1.8 (1.2) 0.1 0.07

ME, % 20.9 (11.68) 21.0 (9.32) �0.07 �0.01
Franssen 2002
Cross-sectional

N: 33
Age: 61
FEV1%: 40 (2)
BMI: 24 (1)
M/F: 23/10

Constant load
leg ergometer
7minutes
50% of
individual
peak load

Constant load
arm ergometer
7minutes
50% of
individual
peak load

ME, % 15.6 (3.45) 18.3 (5.17) �2.7� �0.61
Load, W 31 (11) 25 (6) 6� 0.66
V_ᴏ2, mL/min 813 (241) 641 (155) 172� 0.85
V_ CO2, mL/min 759 (230) 606 (155) 153� 0.78
RER, V_ CO2/V_ᴏ2 0.94 (0.06) 0.95(0.06) �0.01 �0.17
V_ E, L/min 33 (7) 30 (6) 3.2� 0.48
V_ E/MVV, % 79 (22.98) 71 (17.23) 8� 0.39
V_ᴏ2/V_e, mL/L 24.5 (5.17) 21.5(4.02) 3� 0.65
VT, L 1.22 (0.34) 1.1 (0.29) 0.12� 0.38
RR,

breaths/min
29 (6) 28 (6) 1 0.17

HR, beats/min 71 (11) 68 (17) 3 0.20
Hannink 2010
Cross-sectional

N: 13
Age: 61 (10)
FEV1%: 59 (21)
BMI: 29 (7)
M/F: 10/3

Constant Load
ergometer
6minutes at
equal
ventilation as
50% of peak
arm load.

Constant load
ergometer
6minutes at
50% of peak
arm load.

Load, W 52 (22) 29 (18) 23� 1.16
V_ᴏ2, L/min 1140 (220) 990 (140) 150� 0.82
V_ CO2, L/min 1050 (220) 960 (180) 90�- 0.45-
RER, V_ CO2/ V_ᴏ2 0.92 (0.07) 0.96(0.07) 0.04� 0.55
HR, beats/min 109 (18) 114 (22) �5� �0.25
Spᴏ2, % 96 (4) 97 (4) �1 �0.28
V_ E, L/min 36 (7) 37 (7) �1 �0.14
RR,

breaths/min
21 (4) 24 (4) �3� �0.83

VT, L 1.69 (0.5) 1.56 (0.5) 0.13� 0.25
Inspiratory

time, s
1.11 (0.25) 0.99(0.25) 0.12� 0.48

Expiratory
time, s

1.78 (0.36) 1.59(0.28) 0.19� 0.58

Inspþ Exp
time, s

2.89 (0.54) 2.58(0.50) 0.31� 0.59

Insp/
Inspþ Exp,
%

38 (4) 38 (4) 0.00 0.00

Inspiratory
flow, L/s

1.52 (0.29) 1.58(0.29) �0.06� �0.21

Expiratory flow,
L/s

0.98 (0.29) 1 (0.25) �0.02 �0.07

D IC, L �0.27 (0.29) �0.32(0.32) 0.05 0.16
IRV, L 1.13 (0.61) 1.27(0.65) �0.14� �0.22

Data is mean and standard deviation (SD) or proportions. If SD was not provided in the original article it was calculated as standard error times the squared
root of number of participants;�p< 0.05;

Abbreviations: ES¼ effect size calculated as the difference in means divided by the pooled standard deviation, N¼ number of participants, FEV1% ¼ forced
expiratory volume in one second related to predicted value, BMI¼ body mass index, M/F¼ number of males versus females, V_ᴏ2 ¼ peak oxygen consumption,
VCO2 ¼ carbon dioxide output, V_ E ¼ ventilation, MVV¼maximal voluntary ventilation, RR¼ respiratory rate, VT ¼ tidal volume, Spᴏ2 ¼ oxygen saturation,
RER¼ respiratory exchange ratio (VCO2/V_ᴏ2), ME¼mechanical efficiency, V_ ᴏ2/peak load ¼(mL/min/W), IC¼ inspiratory capacity, IRV¼ inspiratory reserve volume.
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Also, the relative intensity of the activity is most likely
the most important factor. For example, Porto et al. [15]
stopped the leg activity when the V_ ᴏ2 was equal to V_ ᴏ2 peak
during arm activity, thus resulting in that the arm activity

was maximal and the leg activity submaximal. The observed
difference in relative intensity might explain higher physio-
logical responses (V_ E, RR, and IC reduction) and more dys-
pnea during arm activity in this study [15].

Table 4. Resistance training exercises

Study
and Design Participants Leg activity Arm activity Measurement Leg result Arm result Diff ES

Adami 2017
Cross-sectional

N: 20
Age: 64 (9)
FEV1%: 47 (3)
BMI: NA
M/F: 15/5

Oxidative capacity of the
medial gastrocnemius
after 10–15 s of brief
thigh muscle contractions

Oxidative capacity of the
medial forearm after
10–15s of brief forearm
muscle contractions

O2 consumption
recovery rate,
k/min

1.05 (0.24) 1.01 (0.17) 0.04 0.19

Miranda 2014
Cross-sectional

N: 21
Age: 70 (10)
FEV1%: 46 (10)
BMI: 26 (5)
M/F: 19/2

MVIC of the quadriceps
at 60� knee flexion.
Isometric endurance at
60% of MVIC until 20%
drop in force.

MVIC of the middle
deltoid at 90� abduction,
elbow extended.
Isometric endurance at
60% of MVIC until 20%
drop in force.

MVIC, kg 16.0 (5.2) 6.7 (2.5) 9.3� 2.28
MVIC/muscle mass 0.13 (0.05) 0.15 (0.05) �0.02 �0.40
Endurance load, kg 9.8 (3.1) 4.0 (1.6) 5.8� 2.35
Endurance limit, s 127.1 (76.5) 49.6 (39.2) 77.5� 1.28
Endurance limit/ load,
s/kg

15 (12) 13 (9) 2� 0.19

Nyberg 2015
Randomised
controlled trial

N: 22
Age: 69 (5)
FEV1%: 59 (11)
BMI: 26 (4)
M/F: 12/10

Resistance training using
elastic bands or body
weight.
25 repetitions in two
sets of leg exercises.

Resistance training using
elastic bands.
25 repetitions in two sets
of arm exercises.

Fatigue, CR10 4.6 (0.84) 4.1 (0.94) 0.5 0.56
Dyspnea, CR10 3.5 (1) 2.6 (0.9) 0.9 0.95

Nyberg 2016
Cross-sectional

N: 20
Age: 64 (7)
FEV1%: 38 (9)
BMI: 25 (4)
M/F: 16/4

Resistance training using
elastic bands.
Approximately 25
repetitions until failure
in leg exercises.

Resistance training using
elastic bands.
Approximately 25
repetitions until failure in
arm exercises.

Fatigue, CR10 6.5 (2.1) 6.3 (2.0) 0.2 0.10
Dyspnea, CR10 5.2 (2.1) 5.3 (2.2) �0.2 �0.08

Nyberg 2018
Cross-sectional

N: 20
Age: 64 (7)
FEV1%: 38 (9)
BMI: 25 (4)
M/F: 16/4

Knee extension using
elastic bands. Exercises
were performed for
three sets per exercised
limb, with each set
ending with task failure.

Shoulder flexion using
elastic bands. Exercises
were performed for three
sets per exercised limb,
with each set ending
with task failure.

Work, kg 967 (341) 193 (72) 774� 3.14
V_ᴏ2/kg work 53 (15) 214 (88) �161� �2.55
V_ᴏ2, mL/kg/min 11 (2) 10 (2) 0.2 0.13
HR, beats/min 121 (17) 121 (12) �0.6 �0.04
V_ E, L/min 36 (10) 34 (10) 1.7 0.17
V_ E/MVV, % 91.9 (26.7) 87.3 (25.9) 4.6 0.18
V_ᴏ2/CPET V_ᴏ2

†, % 68 (7.6) 67.5 (8.2) 0.5 0.06
HR/CPET HR†, % 96.6 (4.8) 97.3 (5.6) �0.7 �0.13
V_ E/CPET V_ E†, % 87.7 (10.4) 85.2 (9.3) 2.5 0.25
V_ E/MVV†, % 93.2 (14.9) 90.5 (13.9) 2.7 0.19

Robles 2017
Arm above
Cross-sectional

N: 10
Age: 66 (8)
FEV1%:34 (14)
BMI:25 (6)
M/F: 6/4

Resistance exercise. Leg
extensions on a multi-
station gym
1 set of 10 repetitions of
at 80% of 1 RM.

Resistance exercise. Arm
elevations above shoulder
level using dumb-bells. 1
set of 10 repetitions at
80% of 1 RM.

Spᴏ2, % 97 (2) 96 (2) 1 0.59
Systolic BP, Mm hg 139 (23.3) 140 (22.5) �1 �0.04
Diastolic BP, Mm hg 85 (19.7) 90 (23.4) �5 �0.23
RPE, CR10 4 (3.1) 5 (2.5) �1 �0.36
V_ E, L/min 21 (7) 23 (10) �1.9 �0.23
V_ E/MVV, % 60 (12) 62 (22) �2 �0.11
V_ᴏ2, mL/kg/min 5 (1) 6 (1) �0.3 �0.26
V_ᴏ2/CPET V_ᴏ2, % 39 (14) 41 (12) �2 �0.15
HR, beats/min 99 (11) 96 (11) 3 0.27
HR/CPET HR, % 86 (17) 87 (21) �1 �0.05
V_ᴏ2 recovery, min 2.6 (1) 3.1 (1.4) �0.5 �0.41
HR recovery, min 2.8 (1.1) 3.3 (0.9) �0.5� �0.50

Robles 2017
Arm below
Cross-sectional

N: 10
Age: 66 (8)
FEV1%:34 (14)
BMI:25 (6)
M/F: 6/4

Resistance exercise. Leg
extensions on a multi-
station gym
1 set of 10 repetitions of
at 80% of 1 RM.

Resistance exercise. Arm
elevations below shoulder
level using dumb-bells. 1
set of 10 repetitions at
80% of 1 RM.

Spᴏ2, % 97 (2) 96 (2) 1 0.59
Systolic BP, Mm hg 139 (23.3) 130 (18.1) 9 0.43
Diastolic BP, Mm hg 85 (19.7) 89 (19.3) �4 �0.21
RPE, CR10 4 (3.1) 4 (1.3) 0.00 0.00
V_ E, L/min 21 (7) 22 (9) �0.9 �0.11
V_ E/MVV, % 60 (12) 60 (23) 0.00 0.00
V_ᴏ2, mL/kg/min 5 (1) 6 (1) �0.3 �0.26
V_ᴏ2 /CPET V_ᴏ2, % 39 (14) 40 (12) �1 �0.08
HR, beats/min 99 (11) 97 (13) 2 0.17
HR/CPET HR, % 86 (17) 84 (16) 2 0.12
V_ᴏ2 recovery, min 2.6 (1) 2.4 (0.8) 0.2 0.22
HR recovery, min 2.8 (1.1) 2.4 (0.9) 0.4 0.40

Data is mean and standard deviation (SD) or proportions. If SD was not provided in the original article it was calculated as standard error times the squared
root of number of participants.�p< 0.05;

†Data from a sub group of N 7;
Abbreviations: ES¼ effect size calculated as the difference in means divided by the pooled standard deviation, N¼ number of participants, FEV1% ¼ forced
expiratory volume in one second related to predicted value, BMI¼ body mass index, M/F¼ number of males versus females, NA¼ not available, V_ᴏ2 ¼ peak
oxygen consumption, VCO2 ¼ carbon dioxide output, V_ E ¼ ventilation, MVV¼maximal voluntary ventilation, VT ¼ tidal volume, Spᴏ2 ¼ oxygen saturation,
RER¼ respiratory exchange ratio (VCO2/V_ᴏ2), BP¼ blood pressure, MVIC¼maximal voluntary isometric contraction, RPE¼ rating of perceived exertion, CR10 ¼
Borg category ratio scale 0–10 higher values indicates more symptoms, CPET¼ cardiopulmonary exercise test.
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Oxygen consumption per unit of work performed

The amount of oxygen consumed per unit of work per-
formed was investigated in two cycle-ergometer and one

resistance exercise study, with somewhat conflicting results
[25, 26, 34]. Healthy controls consumed more oxygen per
unit of work during arm activities compared to leg activities

Table 5. Functional tests/activities

Study Design Participants Leg activity Arm activity Measurement Leg result Arm result Diff ES

Celli 1986
Cross-sectional

N: 12
Age: 60 (11)
FEV1 L: 0.68 (0.28)
BMI: NA
M/F: 4/8

Unloaded cycle
ergometer
until exhaustion.

Shifting rings over a
distance of 10 cm on
a pegboard, at or
above shoulder level
until exhaustion.

Dyssynchronous
breathing

0/12 5/12

HR, beats/min 132 (14) 116 (12) 16� 1.23
V_e, L/min 17 (7) 13 (6) 3.1� 0.46
V_ᴏ2, mL/kg/min 9 (2) 6 (2) 2.7� 1.30
Test time, min 10 (5.3) 5 (2.3) 5� 1.22
Spᴏ2, % 90 (2) 92 (2) �2� �1.11

De Souza 2010
Cross-sectional

N: 16
Age: 69 (5)
FEV1%: 54 (19)
BMI: 25 (1)
M/F: 11/5

Treadmill, fixed
speed without any
inclination for the
first 3min.
Followed by a 1%
inclination
increment at the
end of each
following min.
To exhaustion.

Lifting weight
diagonally in bouts of
2minutes separated
of 1minute of rest.
Using one arm.
Increasing weight
from 250 grams.

V_ᴏ2, mL/min 1190 (390) 593 (130) 597� 2.05
V_CO2, mL/min 1160 (430) 538 (110) 622� 1.98
V_ E, L/min 39 (13) 22 (5) 16.3� 1.69
RR, breaths/min 35 (4) 27 (4) 7.6� 1.81
HR, beats/ min 135 (20) 102 (15) 32.9� 1.87
Spᴏ2, % 85.5 (6.3) 94.5 (2.1) �9 �1.92
Dyspnea, CR10 6.6 (3.2) 3.3 (2.6) 3.3� 1.13
Fatigue, CR10 6.2 (3.3) 4.3 (2.7) 1.9� 0.63
Systolic BP, mm Hg 184 (26) 151 (16) 34� 1.56
Diastolic BP, mm Hg 91 (14) 88 (9) 4 0.33

Marrara 2008
Randomised
controlled trial

N: 22
Age: 69 (10)
FEV1%: 45 (10)
BMI: 23 (4)
M/F: 22/0

Treadmill walking:
the maximum
tolerated speed
for 6min.

Blackboard erasing
for 5minutes.

V_ E/MVV, % 55 (12) 37 (13) 18 1.42
V_ᴏ2/predicted V_ᴏ
2max, %

98 (26) 51 (20) 47 2.06

Dyspnea, CR10 1.9 (2.1) 1.2 (1.6) 0.7 0.38

McKeough
2003
Cross-sectional

N: 21
Age: 62 (2)
FEV1%: 37 (3)
BMI: 25 (1)
M/F: NA

Incremental leg
ergometer test.
50-60 RPM
5–10 W/min
increments to
symptom
limitation.

Unsupported upper
limb exercise
test (UULEX)

V_ᴏ2, mL/min 790 (460) 510 (140) 280� 0.83
V_ᴏ2, mL/kg/min 11 (3) 7 (2) 4 1.51
V_e, L/min 35 (11) 27 (9) 8� 0.76
VT, L 1.1 (0.46) 0.85 (0.46) 0.25 0.55
HR, beats/min 114 (17) 107 (18) 7.30 0.41
Dyspnea†, CR10 5.4 (0.00) 5.3 (2.24) 0.1 0.06
RPE†, CR10 6.8 (0.00) 6.9 (2.24) �0.1 �0.06

McKeough
2005
Non
randomised
crossover
design

N: 11
Age: 62 (7)
FEV1%: 61 (11)
BMI: 26 (3)
M/F: 5/6

Incremental leg
ergometer test.
50–60 RPM
5–10 W/min
increments to
symptom
limitation.

Unsupported upper
limb exercise
test (UULEX).

V_ᴏ2, mL/min 650 (200) 450 (100) 0.2 1.27
V_ᴏ2, mL/kg/min 9.3 (2.0) 6.4 (1.4) 2.9 1.67
V_ CO2, mL/min 670 (200) 430 (100) 240 1.52
V_ E, L/min 29.9 (8.9) 23.4 (6.4) 6.5 0.84
VT, L 0.98 (0.3) 0.76 (0.2) 0.22 0.86
RR, breath/min 29 (3.7) 31 (3.8) �2 �0.53
Spᴏ2, % 94 (5) 96 (2) �2 �0.49
HR, beats/min 115 (13) 110 (16) 5 0.34
Dyspnea, CR10 7.4 (2.2) 7.1 (1.9) 0.3 0.15
RPE, CR10 8.5 (1.9) 7.1 (1.9) 1.4 0.74

Porto 2009
Cross-sectional

N: 16
Age: 63 (13)
FEV1%: 41 (11)
BMI: 26 (6)
M/F: NA

Incremental
treadmill walking.
1% increase in
inclination each
minute. Until V_ᴏ2
was equal to arm
V_ᴏ2 peak

Lifting weight
diagonally in bouts of
2minutes separated
of 1minute of rest.
Using one arm.
Increasing weight
from 250 grams.

V_ᴏ2, mL/kg/min 10 (3) 9 (3) 0.4 0.15
V_ E, L/min 24 (6) 31 (7) �7� �1.02
Dead space/VT, % 30 (10) 50 (11) 20� 1.90
RR, breaths/min 25 (7) 26 (6) �1 �0.15
Inspiratory (Ins)
time, s

0.9 (0.2) 0.9 (0.1) 0.0 0.00

Expiratory (Exp)
time, s

1.6 (0.11) 1.4 (0.22) 0.2� 1.15-

Ins/Expþ Exp, % 45 (11) 48 (12) �3 0.26
VT, L 1.0 (0.33) 1.0 (0.23) 0.0 0.00
Inspiratory flow, mL/s 1.1 (0.12) 1.1 (0.21) 0.0 0.00
V_ E/MVV, % 41 (17) 53 (15) �12� 0.75
Dyspnea, CR10 2.3 (1.3) 3.9 (2.2) �1.6� �0.89
D IC, mL 148 (161) 222 (158) �74� �0.46

Silvia 2015
Cross-sectional

N: 18
Age: 66 (10)
FEV1%: 50 (12)
BMI: 26 (4)
M/F: NA

Walking for
5minutes on a
treadmill with 5%
inclination at a
speed of 2
miles/hour.

Arm ADL, lifting pots
(1, 2 and 3 kg)
for 5minutes.

D IC, L 0.23 (NA) 0.17 (NA) 0.06
DH, proportion (%) 13/18 (72.2%) 10/18 (55.5%)
D Spᴏ2, % 4.4 (3) �0.2 (2) �4.2 �1.65
D HR, beats/min 29.3 (1) 9.3 (7) 20 4.00
D RR, breath/min 8.7 (4) 5.9 (3) 2.8 0.79
D Dyspnea, CR10 2.4 (1.7) 0.8 (0.8) 1.6 1.20

Data is mean and standard deviation (SD) or proportions. If SD was not provided in the original article it was calculated as standard error times the squared
root of number of participants.�p< 0.05;

†Data missing for one participant;
Abbreviations: ES¼ effect size calculated as the difference in means divided by the pooled standard deviation, N¼ number of participants, FEV1% ¼ forced
expiratory volume in one second related to predicted value, BMI¼ body mass index, M/F¼ number of males versus females, NA¼ not available, V_ᴏ2 ¼ peak
oxygen consumption, VCO2 ¼ carbon dioxide output, V_ E ¼ ventilation, MVV¼maximal voluntary ventilation, RR¼ respiratory rate, VT ¼ tidal volume, Spᴏ2 ¼
oxygen saturation, BP¼ blood pressure, IC¼ inspiratory capacity, RPE¼ rating of perceived exertion CR10¼ Borg category ratio scale 0–10 higher values indi-
cates more symptoms.
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in all three studies [25, 26, 34]. For individuals with COPD,
Franssen et al. [26] found a higher ME (i.e. less oxygen con-
sumption per unit of work) during arm compared to leg
cycle ergometer, while Castagna et al. [25] found no differ-
ence in ME between the arms and the legs during cycle erg-
ometer. Furthermore, Nyberg et al. [34] found a higher
oxygen consumption per unit of work during shoulder flex-
ion compared to leg extension resistance exercises (i.e. more
oxygen used per unit of arm work). The latter is in line
with observations among the healthy controls within
included studies [25, 26, 34]. These somewhat contradictory
findings could, at least partly, be explained by differences in
degree of muscle dysfunction across studies. For example,
the participants in the study by Franssen et al. [26] in which
a higher ME during arm activities was found also had the
greatest reduction in leg muscle function (�70% lower)
when compared with the healthy control group. Of import-
ance, the reduction in leg muscle function was seemingly
greater than the reduction in arm muscle function (�54%
lower), thus indicating that the higher ME during arm activ-
ities might be related to a more preserved arm function. In
contrast, the participants in the study by Nyberg et al [34]
had the smallest reduction in lower limb function (�30%
lower) compared with the healthy control group of the three
studies [25, 26, 34], and importantly, the reduction was
similar not different between arm and leg muscles.

Methodological considerations

The number of studies that explicitly address the question of
differences in physiological responses to arm and leg activities
is rather limited. Additionally, differences in the protocols of
arm and leg activities, outcomes, and the possible diversities
of included individuals with COPD are all potential sources
of bias in this systematic review and makes the synthesis of
results challenging. The diversity between included studies is
explained by differences in the specific research questions, for
example regarding disease severity or specific activities, high-
lighting that the comparison of arm and leg activities could
be addressed in numerous ways. In the outcomes included
for meta-analyses, high-level of heterogeneity was found for
W peak, and several studies had wide confidence intervals for
the outcomes, but the studies showed agreement on mean
values, and we are confident on the trends.

Clinical considerations

The results from our systematic review supports previous
statements that walking or cycling are good choices of exer-
cises to increase cardiopulmonary fitness in patients with
COPD [10] since the legs can generate greater central physio-
logical responses compared to the arms. However, if per-
formed at maximal effort, both arm cycle ergometer [25, 26]
and resistance exercises using the arms [34] did lead to V_ E/
MVV greater than 80% (an indication of ventilatory limita-
tion) [43] as well as similar levels of limb fatigue and dyspnea
(the latter being a primary contributing factor to exercise tol-
erance in COPD) [44], compared to leg activities. Thus

indicating that also arm activities might be used to target car-
diopulmonary fitness. From a clinical perspective, these find-
ings also indicate that adjunct strategies used to facilitate leg
training in symptom-limited individuals, such as oxygen sup-
plementation [14], noninvasive ventilation [15] or partitioning
exercise [45, 46] may be relevant also during arm activities to
increase exercise tolerance, even though this needs to be fur-
ther investigated. Important to notice is that of the included
studies that reported Spᴏ 2%, all was >85, thus conclusions
from this systematic review should not be extrapolated to
people with respiratory insufficiency.

Conclusions

To conclude, central physiological responses were in general
larger during leg- compared to arm activities except for
resistance training exercises, while, about the perception of
exertional dyspnea and limb fatigue we conclude that this
seems to be task and intensity dependent. Thus, considering
the importance of dyspnea as a factor for exercise intoler-
ance, these findings suggest, for example, that strategies used
to increase exercise tolerance should not be dependent on
whether the arms or the legs are used, but rather the inten-
sity of specific activity performed. Furthermore, the choice
of how to prescribe exercise training is multifaceted and we
should follow the specificity principle of training and tailor
our prescription to the individual, either to maximize central
capacity or to maximize specific functions.
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