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Introduction: Chronic obstructive pulmonary disease (COPD) is a progressive disease with
deteriorating cardiopulmonary function that decreases the health-related quality of life
(HRQL) and exercise capacity. Patients with COPD often have cardiovascular and muscular
problems that hinder oxygen uptake by peripheral tissues, resulting in poor oxygen con-
sumption efficiency. It is important to develop new physiological parameters to evaluate
oxygen consumption efficiency during activities and to evaluate its association with exercise
capacity and HRQL. Work efficiency (WE) measures oxygen consumption efficiency during
exercise. We hypothesize that patients with poor WE should have exercise intolerance and
poor HRQL. Therefore, we aimed to evaluate the association between WE and exercise
capacity, HRQL and other cardiopulmonary parameters.

Patients and Methods: Seventy-eight patients with COPD were evaluated with spirometry,
cardiopulmonary exercise testing, and assessment of dyspnea score and HRQL (using the
St. George’s Respiratory Questionnaire [SGRQ]). Cardiopulmonary exercise testing was performed
using a cycle ergometer with an incremental protocol and exhaled breath analysis to assess oxygen
consumption. WE was defined as the relationship between oxygen consumption and workload.
Results: There were 31 patients with normal WE (group I) and 47 patients (group II) with poor
WE. Patients with poor WE had lower exercise capacity (maximal oxygen consumption, group I vs
II as 1050453 vs 845 +34 mL/min, p=0.0011), poorer HRQL (SGRQ score 41.143.0 vs 55+2.2,
p=0.0002), higher exertional dyspnea score (5.1£0.2 vs 6.1£0.2, p= 0.0034) and early anaerobic
metabolism during exercise (anaerobic threshold, 672+27 vs 583 £18 mL/min, p=0.0052).
Conclusion: WE is associated with exercise capacity and HRQL. Here, patients with poor
WE also had exercise intolerance, poorer HRQL, and more exertional dyspnea.
Keywords: chronic obstructive pulmonary disease, exercise physiology, work efficiency

Introduction

Chronic obstructive pulmonary disease (COPD) is an inexorable progressive disease
with worsening cardiopulmonary function that decreases the endurance to perform
activities of daily living."? According to the World Health Organization (WHO),
64 million people have COPD and 3 million people have died of COPD
worldwide.> In addition, the WHO has predicted that COPD will become the third
leading cause of death by 2030. In a recent study, patients with COPD are at a higher
risk of cardiovascular mortality.* COPD is characterized by dyspnea, poor health-
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related quality of life (HRQL), and insufficient cardiore-
spiratory endurance during exercise.” Even in patients with
mild COPD, exercise performance is compromised, and
exercise intolerance is also common.’ Impaired exercise
capacity and insufficient cardiorespiratory endurance are
correlated with poor prognosis in patients with COPD.
Early recognition of patients with poor cardiorespiratory
endurance may help physicians to provide early manage-
ment to prevent cardiovascular complications.
Traditionally, spirometry is recommended by the
Global Initiative for Chronic Obstructive Lung Disease
(GOLD) for the diagnosis of COPD.®” However, the para-
meters of spirometry, such as forced vital capacity (FVC),
forced expiratory volume in 1 second (FEV1) is a poor
predictor of functional performance, cardiorespiratory
and HRQL with COPD>*®
Although, the 6 minutes walking test or HRQL question-

endurance, in patients
naires are good tools to evaluate functional performance of
patients, these parameters cannot reflect the physiological
response to exercise and we cannot define the causes of
poor functional performance by the 6 minutes walking
distance or HRQL scores. Therefore, it is necessary to
develop new parameters to evaluate exercise performance
and cardiorespiratory response in patients with COPD. The
cardiopulmonary exercise test (CPET) is a good tool for
evaluating exercise capacity, respiratory function, and cir-
culatory function.’ The physiological data from CPET can
help physicians better understand the patient’s cardiore-
spiratory responses to exercise.'®

Work efficiency (WE) measures the relationship
between changes in oxygen consumption (VO,) to work-
load (WR).” WE measures oxygen kinetics and is an index
of overall oxygen consumption efficiency during exercise.
However, studies about the role of WE in patients with
COPD are quite limited. Since WE is an index of overall
oxygen consumption efficiency, we hypothesized that
patients with poor WE should have poor exercise capacity
and HRQL. Therefore, this study aimed to comprehen-
sively evaluate the relationship between WE and exercise
capacity, HRQL, respiratory, and circulatory parameters in
patients with COPD.

Patients and Methods

Patient Recruitment

There were 78 patients with COPD with exertional dys-
pnea (modified Medical Research Council, mMRC=2)
who were recruited from the outpatient clinic of the

Pulmonology Department from August 2018 until
June 2020."" According to WE obtained from CPET,
patients were divided into two groups: group I had normal
WE, and group II had poor WE.

The inclusion criteria were as follows: (1) COPD diag-
nosed based on the GOLD criteria with FEV1/FVC <70%;
(2) patients were stable without acute exacerbations in the
last 3 months, and (3) patients could move independently
and were willing to perform the exercise test. We excluded
(1) patients receiving pulmonary rehabilitation in the
past year; (2) patients who suffered from acute exacerba-
tion in the last 3 months; (3) patients with severe muscu-
loskeletal diseases that rendered them unable to perform
exercise tests; (4) patients with a history of other lung
diseases, such as asthma, lung cancer, pneumoconiosis,
bronchiectasis, tuberculosis, and interstitial lung disease;
(5) patients with a history of cardiovascular diseases such
as congestive heart failure, myocardial infarction, primary
pulmonary hypertension, pulmonary embolism, and (6)
patients who were unwilling to participate exercise tests.
The study flow chart is shown in Figure 1.

The study was approved by the Taipei Tzu Chi
Hospital, Buddhist Chi Medical Foundation
Institutional Review Board (Protocol Number: 08-XD
-035) in accordance with the Declaration of Helsinki. All
patients signed informed consent forms.

Tzu

Pulmonary Function Test

Patients performed pulmonary function tests using
a spirometer (Medical Graphics Corporation; St Paul, MN,
USA), in accordance with the standards of the American
Thoracic Society.'> Patients were requested to take
a maximal inspiration and then to forcefully expel air as
much as possible. The grade of airflow obstruction was

assessed using FEV 1% according to the GOLD guidelines.''

Cardiopulmonary Exercise Test

All patients underwent the CPET with an incremental,
symptom-limited protocol using a cycle ergometer (Lode
Corival, the Netherlands). The expired air was analyzed
breath by breath (Breeze suite 6.1, Medical Graphics
Corporation; St Paul, MN, USA) to evaluate oxygen con-
sumption (VO,), carbon dioxide output (VCO,), tidal
volume (Vr), and end tidal PCO, (PETCO,). Oxygen
saturation was measured using a pulse oximeter (SpO,).
The respiratory rate (RR), electrocardiogram, heart rate
(HR),
monitored.

and blood pressure (BP) were continuously
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474 Subjects performed cardiopulmonary exercise test

120 Subjects with

354 Excluded by diagnosis
161 Lung cancer
98 Pre-operative assessment
42 Post-operative assessment
21 Post-rehabilitation assessment
61 Asthma
41 Bronchiectasis
39 Interstitial lung diseases
35 Heart diseases
17 Obstructive sleep apnea

COPD

42 Excluded by received pulmonary
rehabilitation

78 Included subjects

with COPD

31 With normal work efficiency

Figure | Study flow chart.

The patients underwent incremental CPET with an
individualized ramp protocol, and the load was set up to
finish between the 10th and 12th minutes of exertion.'?
Patients underwent a 2-minute warm-up phase (unloaded
cycling), following which the WR was increased con-
stantly in increments of 10, 15, or 20 watt/min, depending
on the patient’s estimated subjective functional capacity.'>
During the exercise test, patients were requested to main-
tain a cycling frequency of approximately 60 revolutions
per minute. Patients were requested to perform maximal
exercise to evaluate their highest possible performance.
The maximum effort was attained when patients showed
signs of intense exertion such as sweating, unsteady bik-
ing, severe dyspnea, muscle fatigue (reluctance to continue
exercising despite strong encouragement), a heart rate
(HR) of >180 beats/min, or respiratory exchange rate
(RER) >1.09 during exercise.'> The maximum VO,
(VO,max) was calculated by the mean values of VO,
over the last 30 seconds of the exercise test.

WE, the relationship between VO, and WR during
exercise,'” was defined as the VO,/WR slope during exer-

cise. The slope of the VO,/WR relationship was

47 With low work efficiency

determined using linear regression analysis. The normal
range for WE is 8.6-10.1 mL/min/watt. A WE of <8.6 mL/
min/watt is indicative of poor WE.? The VO, at anaerobic
threshold (AT) was identified by the VCO, versus VO,
plot."* An AT of <40% of the predicted VO,max is indi-
cative of low AT%.” The oxygen pulse was defined as VO,
divided by HR (O,P = VO,/HR) at maximal exercise.
A O,P of <80% of the predicted value is indicative of low
0,P%.”

Respiratory Muscle Strength

The respiratory muscle strength, maximal inspiratory pres-
sure (MIP), and maximal expiratory pressure (MEP) were
measured using a pressure gauge (Respiratory Pressure
Meter, Micro Medical Corp, England). MIP and MEP
were measured five times, and the highest value was
used as the final value.'> For the MIP, patients were
asked to exhale to the residual volume and then perform
a rapid maximal inspiratory effort, sustained for 1-2 sec-
onds. For MEP, patients were asked to inspire to the total
lung capacity and then perform a rapid and maximal
expiratory effort, sustained for 1-2 seconds.
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HRQL

HRQL was assessed using a respiratory disease-specific ques-
tionnaire. The validated Chinese version of the St. George’s
Respiratory Questionnaire (SGRQ), which had four compo-
nents (total, symptom, activity, and impact), was used.'®
SGRQ scores ranged from 100 (worst) to 0 (best).'®

Dyspnea Score

The dyspnea score was evaluated using a Borg scale with
10-point scores; higher scores indicated more dyspnea.'’
During CPET, dyspnea scores were evaluated at rest and

during exercise.

Statistical Analysis

All parameters are expressed as mean + standard deviation
(SD). An independent sample #-test was used to compare
parameters between the two groups. We used the Chi-
square test to compare sex, stages of COPD, and smoking
status between group I and group II. Correlation analyses
were performed to evaluate the correlation between WE,
predicted FEV1%, predicted FVC%, VO,max, WR, O,P
%, AT%, dyspnea score, and HRQL. The strength of the
correlation was determined according to Evan’s
classification.'® All statistical analyses were performed

using SPSS, version 24.0 (SPSS, Inc., Chicago, IL, USA).

Results

Baseline Characteristics

Of the 78 patients with COPD, 31 patients had normal WE
(group I) and 47 had poor WE (group II). The clinical char-
acteristics of the patients are shown in Table 1. The mean age
was 67.6 £ 9.9 years and 71.5.9 + 7.9 years in groups [ and 11,
respectively (p > 0.05). The mean body mass index was 23.1 +
3.2 and 22.6 + 4.0 kg/m? in groups I and II, respectively (p >
0.05). The mean FEV1% was 49.4 &+ 14.2% and 47.8 = 17.4%
in groups I and II, respectively (p > 0.05). Ninety-four percent
of patients in group I and 96% of patients in group II had
moderate to very severe airflow obstruction (GOLD stages 11
to IV), and the severity of COPD was not significantly differ-
ent between the two groups (p> 0.05). However, Group II had
more current smokers and ex-smokers than group I (p < 0.05).

Respiratory Parameters of Patients with
Normal and Poor WE (Figure 2)

There was no significant difference in the respiratory para-
meters such as FEVI/FVC% (Figure 2A), FEV1%
(Figure 2B), FVC% (Figure 2C), MIP (Figure 2D), and

MEP (Figure 2E) between groups I and II (p > 0.05). The
RR at rest (Figure 2F) was not significantly different between
groups I and II (p > 0.05) but the RR (Figure 2G) during
exercise was higher in group 11 than in group I (p <0.05). The
Vrat rest (Figure 2H) or during exercise (Figure 2I) was not
significantly different between groups I and II (p > 0.05).

Circulatory Parameters of Patients with

Normal and Poor WE (Figure 3)

WE (Figure 3A), VO,max (Figure 3B) or AT% (Figure 3C),
and O,P% (Figure 3D) were higher in group I than in group
II (p < 0.05). There was no significant difference between
HR at rest (Figure 3E) or during exercise (Figure 3F) and
MBP at rest (Figure 3G) or during exercise (Figure 3H)
between the two groups (p > 0.05).

Gas Exchanges of Patients with Normal
and Poor WE (Figure 4)

There was no significant difference between SpO, at rest
(Figure 4A) or during exercise (Figure 4B) and PETCO, at
rest (Figure 4C) or during exercise (Figure 4D) between
the two groups (p > 0.05)

Exercise Capacity of Patients with

Normal and Poor WE (Figure 5)

VO,max% (Figure 5A) and VO,max (Figure 5B) were
than
(p < 0.05). However, there was no significant difference
(Figure 5C) and maximal WR
(Figure 5D) between the two groups (p > 0.05).

significantly higher in group I in group II

in maximal WR%

Dyspnea Score and HRQL (Figure 6)

Dyspnea scores at rest (Figure 6A) were similar between
the two groups (p > 0.05), but dyspnea scores during
maximal exercise (Figure 6B) were significantly higher
in group II than in group I (p < 0.05). SGRQ-total
(Figure 6C), -activity (Figure 6D), -impact (Figure 6E),
and -symptom (Figure 6F) scores were significantly higher
in group II than in group I (p < 0.05).

Correlation Between WE and Lung
Function, Exercise Capacity, VO, at the AT,
O,P, Dyspnea Score, and HRQL (Figure 7)

Comparison of important parameters such as lung function,
exercise capacity, AT, HRQL and correlations between WE
and these parameters are shown in Table 2. The patients of

submit your manuscript

248

Dove

International Journal of Chronic Obstructive Pulmonary Disease 2021:16


http://www.dovepress.com
http://www.dovepress.com

Dove Yang et al
Table | Baseline Characteristics
All (n =78) Group I (n = 31) Group Il (n = 47) p-value
Age (years) 69.9 £ 89 67.6 £9.9 7159 +79 0.054
BH (cm) 162.5 + 7.4 161.8 + 8.1 163.1 £ 7.0 0.452
BW (kg) 605+ 11.6 608 £ 11.3 60.4 = 12.0 0.878
BMI (kg/m?) 228 +£3.7 23.1 £32 22,6 + 4.0 0.559
FEVI/FVC (%) 475+ 109 496+ 11.0 46.1 £ 10.7 0.172
FEVI (%) 484 + l6.1 494 + 142 478 + 174 0.678
FVC (%) 80.3 + 189 79.7 £ 18.1 80.7 £ 19.6 0.824
COPD stages 0.381
| 2 0 2
1l 31 15 16
Ll 37 14 23
1\ 8 2 6
Smoking 0.002*
Non-smoking 10 3
Current smoking 33 6 27
Ex-smoking 35 18 17

Note: *p < 0.05 statistical significance as comparison between group | and II.

Abbreviations: BH, body height; BW, body weight; BMI, body mass index; COPD, chronic obstructive pulmonary disease; FEV|, forced expiratory volume in | second;

FVC, forced vital capacity.

poor WE had lower exercise capacity, earlier anerobic thresh-
old, poorer HRQL and more exertional dyspnea during exer-
cise (all p<0.05). There was no significant correlation between
WE and either FEV1% (Figure 7A, p> 0.05, no correlation) or
FVC% (Figure 7B, p > 0.05, no correlation). A significant
correlation was found between WE and VO,max (r = 0.4199,
p=0.0001, moderate correlation, Figure 7C), but not between
WE and WRmax (p > 0.05, no correlation, Figure 7D). There
were significant correlations between WE and O,P (r =
0.3462, p = 0.0019, weak correlation, Figure 7E), VO, at the
AT (r = 0.2818, p = 0.0124, weak correlation, Figure 7F),
dyspnea score at exercise (r = 0.3918, p = 0.0004, weak
correlation, Figure 7G), and SGRQ-total score (r = 0.2722,
p = 0.0159, weak correlation, Figure 7H).

Discussion

There are some important findings in this study. Compared
to patients with normal WE, those with poor WE had
worsening HRQL, exercise intolerance, exertional dys-
pnea, and poor circulatory parameters. Correlation analysis
revealed that WE was correlated with exercise capacity,
dyspnea and HRQL. In addition, patients who were current
smokers or ex-smokers had poor WE.

In patients, the efficiency of exercise depends on their
respiratory (gas exchange), circulatory (oxygen delivery),
musculoskeletal systems (extract oxygen to perform exer-
cise), and metabolism by cellular mitochondria.'” WE is
a measurement from VO, kinetics during exercise and is
an index of overall oxygen consumption efficiency. The
VO, kinetics, the rate of oxygen consumption related to
work rate, is considered as an indicator of cardiovascular
efficiency and coupling O, delivery to peripheral muscles.
Uncoupling of this procedure results in the impaired abil-
ity to increase oxygen consumption. Lower WE therefore
implies a poor exercise efficiency.?’

When the circulatory system and oxygen extraction
match the demands of skeletal muscles during exercise, over-
all oxygen consumption efficiency is maintained. The
increase in oxygen consumption is proportional to the incre-
mental work during exercise.'* Normally, the VO,/WR lin-
earity corresponds to the increased watt, regardless of age
and sex.'*° However, when either oxygen delivery or oxy-
gen extraction is impaired, the overall oxygen consumption
during exercise is impaired, with presentation of a flattening
or shallow downward shifting of VO, at a given WR and WE
is decreased.'”?® WE, therefore, reflects the capacity of
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Figure 2 Respiratory parameters. There was no significant difference in respiratory parameters such as FEVI/FVC% (A), FEVI% (B), FVC% (C), MIP (D), MEP (E), RR at
rest (F), and Vrat rest (H) or during exercise (I) between group | and group Il (p > 0.05). However, the RR during exercise (G) was higher in group Il than in group | (p <

0.05). *p < 0.05 as comparison between groups | and II.

Abbreviations: MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure; FVC, forced vital capacity; FEVI, forced expiratory volume in | second; RR,

respiratory rate; Vg, tidal volume.

aerobic metabolism during exercise.”’ The loss of the linear
relationship between VO, and WR indicates impaired oxy-
gen consumption efficiency. Therefore, WE that indicates
VO, kinetics can help us assess oxygen consumption effi-
ciency in patients with COPD.?® WE can help physicians to
assess the efficiency of cardiovascular oxygen delivery, and

peripheral oxygen extraction.

When the metabolic demands begin to exceed oxygen
delivery to the contracting muscles, anaerobic metabolism
begins.?! During an exercise test, the AT is the exercise level
that the
glycolysis.”**' Anaerobic glycolysis results in the production

reflects metabolic condition of anaerobic
of lactic acid and metabolic acidosis-stimulating chemorecep-

. . . 20,21
tors, which lead to excessive ventilator responses.” = When
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Figure 3 Circulatory parameters. WE (A), VO, at maximal exercise (B) or AT (C), and O,P (D) were higher in group | than in group Il (p < 0.05). There was no significant
difference in HR at rest (E) or during exercise (F) and in MBP at rest (G) or during exercise (H) between the two groups (p > 0.05). *p<0.05 as comparison between group | and II.
Abbreviations: AT, anaerobic threshold; O,P, oxygen pulse; MBP, mean blood pressure; HR, heart rate; WE, work efficiency; VO,, oxygen uptake.
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Figure 4 Gas exchanges. There was no difference in SpO, at rest (A) or exercise (B) and PETCO, at rest (C) or exercise (D) were between the two groups (p > 0.05).
Abbreviations: SpO,, blood oxygen saturation by pulse oximeter; PETCO,, end tidal carbon dioxide.

exercise exceeds the AT, patients have high RR and minute
ventilation. If the patient’s oxygen consumption efficiency is
poor, early anaerobic metabolism occurs during exercise. In
such patients, early anaerobic metabolism results in early lactic
acidosis, which in turn leads to higher RR and ventilation
during exercise. Higher RR and ventilation during exercise

further results in more exertional dyspnea and exercise
intolerance.?' In our study, we found that patients with poor
WE experienced earlier AT, higher RR, and more exertional
dyspnea during exercise than patients with normal WE.
Exertional dyspnea and exercise intolerance are associated
with poor HRQL.* Our results further revealed that patients
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Figure 5 Exercise capacity. Maximal VO,% (A) and maximal VO, (B) were higher in group | than in group Il (p < 0.05). However, there was no significant difference in the

maximal workload% (C) and maximal workload (D) between the two groups (p > 0.0
Abbreviation: YO,, oxygen uptake.

5). ¥p<0.05 as comparison between group | and Il.
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Figure 6 Dyspnea score and health-related quality of life. Dyspnea scores at rest (A) were similar between the two groups (p > 0.05), but dyspnea scores at maximal
exercise (B) were significantly higher in group Il than that in group | (p < 0.05). The SGRQ-total (C), -activity (D), -impact (E), and -symptom (F) scores were significantly

poorer in group Il than that in group | (p<0.05). *<0.05 as comparison between grou
Abbreviation: SGRQ, St. George’s Respiratory Questionnaire.

with poor WE had poorer HRQL, including SGRQ-symptom
and SGRQ-activity scores.

Oxygen delivery is a major determinant of oxygen
consumption efficiency. Oxygen delivery depends on

a transport system, the cardiovascular system.?’

pland Il

Inadequate oxygen delivery to the skeletal muscles leads
to poor VO, kinetics and anaerobic metabolism. Lower
WE and early anaerobic metabolism occur in such condi-
tions. Therefore, patients with cardiovascular dysfunction
exhibit an attenuation of O, transport and poor WE.*°
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Figure 7 Correlation between WE and lung function, VO, at maximal exercise and AT, O,P, dyspnea score, and HRQL. There was no significant correlation between WE and
FEV1% (A) or FVC% (B) (both p > 0.05) between the two groups. A significant correlation was found between WE and VO, (r = 0.4199, p = 0.001) (C), but not between WE
and workload at maximal exercise (p > 0.05) (D). There were significant correlations between WE and O,P (r= 0.3462, p= 0.0019) (E), VO, at the AT (r = 0.2818, p = 0.0124)
(F), dyspnea score during exercise (r= 0.3918, p= 0.0004) (G), and SGRQ-total score (r = 0.2722, p = 0.0159) (H).

Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital capacity; VO,, oxygen uptake; O,P, oxygen pulse; AT, anaerobic threshold; SGRQ, St. George's

Respiratory Questionnaire; WE, work efficiency.

When oxygen delivery is impaired, VO, fails to linearly
increase with the increase in work rate, which in turn
decreases WE.2° O,P is often used as indicator of stroke
volume.'* In our study, WE was significantly correlated
with O,P at maximal exercise.

Mitochondrial function is important for providing oxida-

. .. 2324
during exercise.>

tive capacity in skeletal muscle
Therefore, mitochondrial function is critical for exercise
efficiency.”>** Many studies have shown that patients with
COPD may have mitochondrial dysfunction, including
a reduction in oxidative capacity, and enhanced reactive oxy-
gen species (ROS) production” Therefore, COPD is asso-
ciated with chronic inflammation and oxidative stress.® Tt is
important to assess mitochondrial function in COPD; how-
ever, muscle biopsies are needed for the determination of
mitochondrial density, which is not always possible in the
clinical setting. Patients with poor mitochondrial function
with impaired oxidative capacity often present with poor
WE.2* Therefore, WE could be an indirect indicator of mito-
chondrial function. However, not all COPD patients suffer
from mitochondrial dysfunction. The WE parameter obtained
from CPET can help physicians identify patients who may
have poor mitochondrial function.

Traditionally, WE is considered as a parameter of
cardiovascular function that WE was considered to be
reduced in cardiovascular disorders and normal in pul-
monary diseases such as COPD.”> However, in our

study, we found a large number (47/78) of patients
with COPD had poor WE. Mirdamadi et al also evalu-
ated 37 patients with COPD by CPET and they also
found that some patients with COPD had poor WE.
They showed a significant negative correlation between
WE and the body-mass index, airflow obstruction, dys-
pnea, and exercise capacity (BODE) index, which is one
parameter of COPD severity. Patients with more severe
COPD had lower WE.?® Another study assessing 58
patients attending CPET showed that WE was considered
as one parameter of impaired peripheral oxygenation
(IPO). COPD patients with IPO pattern showed poorer
circulatory parameters and more dyspnea than those
without IPO.?’

In our study, although there were significant correlations
between WE and exercise capacity, exertional dyspnea score
and HRQL, the correlation strength was only weak to mod-
erate. The causes of exercise intolerance and poor HRQL in
COPD are often multiple factors including impaired ventila-
tory efficiency, respiratory muscle dysfunction, peripheral
skeletal muscle deconditioning, cardiovascular disorders,
and anxiety.”® As a result, it is rational that the correlation
between WE and exercise capacity is weak to moderate.
Therefore, when treating COPD patients with exercise intol-
erance and poor HRQL, these multiple factors should be
taken into consideration and appropriate treatment must be
provided. In this study, we further observed that poor
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Table 2 Difference and Correlation Between WE and Variables

Variables Group | Group Il p-value
FEVI (%) 494 + 142 478 + 174 0.6777
FVC (%) 79.7 £ 18.1 80.7 £ 19.6 0.8239
VO,max (mL/min) 1050+53 845 134 0.0011
Workload (watt) 69.6 £29.7 60.2 +23.7 0.1278
O,P (mL/beats) 82+ 2.1 7019 0.0088
VO, at AT (mL/min) 672+27 583 18 0.0052
Dyspnea score at exercise 5.1+0.2 6.1+0.2 0.0034
SGRQ-total 41.1£3.0 55%2.2 0.0002

Variables Pearson correlation (r) p-value (two-tailed) Strength of correlation
FEVI (%) 0.0299 0.7947 Not significant

FVC (%) —0.0678 0.5552 Not significant

VO,;max (mL/min) 0.4199 0.0001* Moderate

Workload (watt) 0.1495 0.1914 Not significant

O,P (mL/beats) 0.3462 0.0019* Weak

VO, at AT (mL/min) 0.2818 0.0124* Weak

Dyspnea score at exercise —0.3918 0.0004* Weak

SGRQ-total —0.2722 0.0159* Weak

Note: *p < 0.05 as statistical significance.

Abbreviations: FEVI, forced expiratory volume in | second; FVC, forced vital capacity; VO,max, oxygen consumption at maximal exercise; O,P, oxygen pulse; AT,

anaerobic threshold; SGRQ, St. George’s Respiratory Questionnaire.

efficiency of oxygen consumption is yet another factor asso-
ciated with exercise intolerance and poor HRQL.

Clinical Implication

Exertional dyspnea, exercise intolerance, and physical inactiv-
ity are common in COPD and are strong predictors of reduced
survival.?! Aerobic fitness during exercise is important for
patients with COPD. Overall oxygen consumption efficiency
during exercise depends on oxygen delivery (cardiovascular
system), oxygen extraction (skeletal muscle), and mitochon-
drial function."® Lower exercise efficiency causes patients to
expend more energy for a given physical exertion and, there-
fore, hampers activities of daily living.?* Clinically, echocar-
diography is often used to assess cardiac function. However,
echocardiography at rest cannot assess the cardiovascular
response during exercise. Mitochondrial function is important
in COPD, but it is difficult to assess mitochondrial function
clinically. CPET is a noninvasive exercise test that can objec-
tively assess overall oxygen consumption efficiency by WE."
WE provides information about the circulatory function, tissue
oxygen extraction and consumption during exercise.

Limitations of This Study

This study has some limitations. First, we suggested that
WE plays a role in patients with COPD. Patients with poor
WE had poor exercise capacityy, HRQL and more

exertional dyspnea. However, the prognostic value of
WE for survival or acute exacerbation is unknown.
Further studies are necessary to assess its prognostic
value. Second, WE is a physiological parameter to assess
overall oxygen consumption efficiency. It cannot specifi-
cally determine whether poor oxygen consumption effi-
ciency is due to cardiovascular, muscular, or
mitochondrial dysfunction. However, it is a good para-
meter to assess the overall oxygen consumption efficiency
during exercise.'® This is important to understanding exer-
cise physiology in COPD. Third, there was no control
group in the current study. WE is a parameter to assess
the efficiency of oxygen consumption and is not influenced
by age, sex or training status. We focused on the roles of
WE in patients with COPD. We aimed to compare the
exercise capacity, HRQL and other parameters in patients
with COPD with normal or poor WE. We did not aim to
compare WE between COPD patients and normal subjects.
Therefore, there was no control group in this study.

Conclusions

WE is an index of overall efficiency of oxygen consump-
tion during exercise and is associated with exercise capa-
city, exertional dyspnea, and HRQL. Patients with poor
WE had exercise intolerance, poorer HRQL, higher
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respiratory rates, more exertional dyspnea and earlier

anaerobic metabolism during exercise.
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